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Abstract
The present study has been conducted to evaluate the potential threat of NiO nanoparticles (NiO NPs) on an edible fish
Heteropneustes fossilis. Fishes selected for the study were exposed to four concentrations of NiO NPs (12, 24, 36 and 48 mg/
l) for the period of 14 days, and various haematological, biochemical and enzymological changes in the exposed fishes were
examined. Results revealed that maximum fluctuations were seen in 48-mg/l-exposed fishes when compared with the control in
terms of the haematological parameters (RBC count, WBC count, Hb content, Ht% and O2 carrying capacity of blood),
enzymatic activities (AST, ALP, ALT and LDH) and biochemical parameters (level of cholesterol, triglycerides, glucose, total
protein, albumin, globulin, bilirubin and creatinine). However, 12 mg/l treatment to the fishes showed its least impact on
aforesaid parameters. Furthermore, Ni accumulation and changes in cortisol level in the blood were also noticed in all the treated
fishes. Structural changes, such as membrane and nuclear disintegration, micronucleus, deformed and vacuolated cells, and
enucleation were also observed in RBCs of NiO NP–treated fishes. Conclusively, our study provides useful information and
insight for the possible ecotoxicity of NiO NPs on aquatic organisms and emphasizes upon the importance of treatment of
effluents containing nanoparticles before their release into the aquatic system.
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Introduction

In recent years, there has been extensive use of nanoparticles
in several fields, and their demand has also been increased
many folds in various sectors like electronics, textiles, optics,
cosmetics, medical devices, food packaging, water treatment
technology, biosensor, catalysts and agents for environmental
remediation (Aitken et al. 2006; Brody 2006; Freitas 2005;
Karnik et al. 2005; Lanone and Boczkowski 2006; National
Science and Technology Council 2004; Roco 2003).

Nanoparticles are the nanosize materials with one dimension
of approximately 1–100 nm or less in size. Their small size
and high surface/charge ratio make them highly reactive with
enhanced properties that attract the special attention of many
industries. However, these properties of nanoparticles have
also become one of the reasons for their toxicity to the envi-
ronment and turned them into one of the major pollutants.
They may leak and enter into the water bodies during their
different stages of production, storage, transportation, con-
sumption, disposal or reproduction and may cause adverse
effects on the environment as well as human health.

Nowadays, nickel oxide nanoparticles (NiONPs) have drawn
particular interest because of their widespread application in var-
ious fields such as battery electrodes, printing inks,
electrochromic films, catalyst, sensor magnetic materials and
diesel-fuel additives (Salimi et al. 2007; Rao and Sunandana
2008; Schrand et al. 2010). Despite of increasingly large appli-
cation of NiO NPs in different sectors, there is limited informa-
tion available regarding their potential toxic impact on living
organisms especially upon aquatic animals. Release of NiO
NPs into the aquatic environment may increase their exposure
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to humans and other terrestrial animals as they consume the
water as well as aquatic animals according to their needs and
thereby come into the contact of NiO NPs. Therefore, it is a
matter of urgent need to assess the potential health hazards
caused by these nanoparticles so that their ecological risks can
be monitored.

There are very few studies which have reported different
physiological anomalies in fishes caused by various types of
nanoparticles like reproductive toxicity (Wang et al. 2011)
and developmental toxicity in Danio rerio (Cui et al. 2016;
George et al. 2014), oxidative stress mediated apoptosis in
carp larva (Cyprinus carpio) (Naeemi et al. 2020) and respi-
ratory stress in Eurasian perch (Perca fluviatilis) (Bilberg et al.
2010). In addition, nanoparticles also cause histological
changes (Khan et al. 2017c) and alteration in genetic material
of Labeo rohita (Khan et al. 2017a). They are also known to
exhibit haematological alteration in Labeo rohita (Remya
et al. 2015; Rajkumar et al. 2016; Zutshi et al. 2010),
Tilapia mossambica (Sheeba and Noorjahan 2018) and
Oncorhynchus mykiss (Imani et al. 2015).

Other studies have reported NiO NP toxicity in bacteria and
microalgae (Baek and An 2011; Gong et al. 2011), acute toxicity
in Zebra fish (Kovrižnych et al. 2013) and their accumulation in
Gracilaria lemaneiformis (Han et al. 2012). Horie et al. (2011)
also reported oxidative stress related lung injury due to NiONPs.
Similarly, Adeel et al. (2019) reported NiO NPs induced ultra-
structural changes in earthworms such as abnormalities in epi-
thelium layer, microvilli and mitochondria as well as adverse
effects on the gut barrier. NiO NPs also induced oxidative stress
leading to damage in DNA of earth worm. Biochemical as well
as histological changes have also been observed in Wistar rats
due to NiO NP toxicity (Dumala et al. 2019).

Since there are very limited studies which show impact of
NiO NPs on aquatic organisms, it is important to have detailed
knowledge of their toxic effect on these organisms, especially
upon fishes.

Recently, fish haematology has been given importance in
assessing the physiological response of fishes to the nanopar-
ticles (Kaviani et al. 2020; Canli et al. 2017 & 2018) because
any alteration in the physiology of fish caused by toxicants is
finally getting reflected in the haematological parameters.

The intensively studied haematological markers are red
blood cell (RBC) count, haemoglobin (Hb), haematocrit (Ht
%) and white blood cell (WBC) count. The red blood cell is
the important component of blood which provides oxygen to
the tissues of entire body through circulatory system.
Likewise, haemoglobin is the component of blood which de-
livers desire amount of oxygen to the body under a variety of
circumstances (Voet and Voet 1990). It has been reported that
the determination of haemoglobin concentration is an impor-
tant indicator of anaemic conditions in fish (Blaxhall and
Daisley 1973). The haematocrit refers to the measurement of
plasma and corpuscles and is used in determining the oxygen

carrying capacity of blood (Larsson et al. 1985). It is also
reported that haematocrit is a good indicator of health status
of fish under stress condition (Munkittrick and Leatherland
1983). The calculated haematological indices like mean cor-
puscular volume (MCV), mean corpuscular Hb (MCH) and
mean corpuscular Hb concentration (MCHC) are the relevant
indicators in diagnosis the anaemia in most of the animals
(Coles 1986).

The white blood cells or leucocytes are the important part
of immune system which is associated with the protection of
the body against the stress or pathological condition (Vaseem
and Banerjee 2012; Fazio 2019; Shah et al. 2020).

The serum biochemical parameters are also often used as
important and powerful tool to elucidate the toxic effects of
metals and other toxicants (Jorgensen 2010; Wood et al. 2012a,
2012b). Serum parameters supply actual data for metabolism as
well as the health status of vertebrates, including fish. In addition,
it also provides the meaningful data to determine the damages in
organ, tissue and cell concerns (Bernet et al. 2000; Grosell et al.
2004; Oner et al. 2008; Atli et al. 2015; Canli and Canli 2015;
Canli et al. 2017). Therefore, it can also be very useful in deter-
mining the potential impact of NiO NPs on fish health.

The cholesterol, triglyceride, glucose, protein, albumin and
globulin are the important serum biomarkers to examine the
health status of fish (Atli et al. 2015; Canli and Canli 2015).
Likewise, creatinine, bilirubin and cortisol are also relevant
stress biomarkers that are used to indicate health condition
of fish (Canli et al. 2018).

Damage or malfunctioning in liver can be examined by
measuring the activities of some enzymes like aspartate amino
transferase (AST), alanine amino transferase (ALT) and alka-
line phosphatase (ALP) as they are produced in the liver and
leaked out into the blood in stress condition. Lactate dehydro-
genase (LDH) is also a good stress biomarker and can be used
in assessing NiO NP toxicity to the fish.

In the present study,HeteKovriznychropneustes fossilis, an
economically important, air breathing catfish, has been used to
evaluate NiO NP impact. This fish is very hardy, capable of
adapting to various habitats and can survive in unfavourable
condition. Therefore, it may be a good representative of aquat-
ic animals to evaluate the impacts of polluting toxicants.

Keeping all these points in consideration, it was decided to
determine the potential toxic impact of NiO NPs on the
H. fossilis by analysing different haematological, enzymological
and biochemical parameters.

Materials and methods

Characterization of NiO NPs

NiO NPs were purchased from St. Louis, MO, USA, with an
average particle size <50 nm and 99.8% trace metal basis
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(CAS. 1313-99; MW 74.69 g/mol; d 6.67 g/ml at 25 °C). The
morphology and individual diameter of NiO NPs were char-
acterized by transmission electron microscopy (TEM) at an
accelerating voltage of 200 kV. For TEM analysis, a drop of
NiO NP stock solution was placed onto a mesh copper grid
treated with a carbon layer and dried at room temperature (27
°C). The electron micrographs were obtained in a JEOL
(JEM-2100) microscope by means of the software Scandium
(Olympus Soft Imaging Solutions GmbH). The surface topog-
raphy of NiO NP aggregates were observed using scanning
electron microscopy (SEM) operated at 15 kV. The elemental
compositions of NiO NPs were analysed by energy-dispersive
X-ray (EDX).

Experimental setup and acclimatization of fishes

Experimental f ish, H. foss i l is , belonging to the
Heteropneustidae was obtained from local fish market,
Aligarh, India. All fish were transported to the laboratory in
plastic containers and were maintained (temperature 25 ± 2
°C) for 4 weeks in plastic tubs with 50 l dechlorinated tap
water (pH 7.1 ± 0.3; salinity 0.3 ± 0.07 pg/l; dissolve oxygen
6.7 ± 0.05 mg/l; total alkalinity 20.0 ± 6.0 mg/l and total
hardness 15 ± 0.05 mg/l). Photoperiod was 12 h light and
12 h dark. During acclimatization, the fish were fed ad libitum
daily with 1-day interval. The water was changed daily after
every 24 h, and fish showing any unusual activities were
excluded.

Preparation of NiO NP suspension

A series of exposure suspensions (12, 24, 36 and 48mg/l) was
prepared by weighing dry NiO NP powder into the ultrapure
water. The suspending solutions containing NiO NPs were
then dispersed by a digital ultrasonic cleaner Cd-4820 (ICS-
CITIZEN) (ultrasonic power 100 W, frequency 50 Hz,
continuous/pulse 180 s) for 30 min. The prepared suspending
solutions were used to expose the fish.

Experimental design

A series of ten fishes of approximately same weight and
length (weighing 25 ± 3 g and with a length of 18 ± 2.5 cm)
was randomly allocated in aquaria in triplicate groups con-
taining 20 l dechlorinated tap water. Fishes were then ex-
posed to different concentrations of NiO NPs, i.e. 12 mg/l,
24 mg/l, 36 mg/l and 48 mg/l separately in triplicate for a
period of 14 days. Water was replaced daily. Parallel series
of control fishes (ten fishes in each series) were exposed to
tap water without NiO NPs under similar laboratory con-
ditions. The experimental conditions were kept like those
of acclimatization period, and water was examined every
day for temperature, pH and dissolve oxygen. Food was

not given to the fishes 24 h prior to the experiment to
minimise the absorption of NPs on food or faecal matters.
However, they were fed during experiment once in every 3
days to avoid any negative effect related to hunger.
Feeding was done just 1 h prior to water change. In each
feeding, food was consumed rapidly and no leftover food
was obtained before water change. After 14 days of expo-
sure, all randomly selected fishes from control as well as
exposed groups were sacrificed for haematological as well
as biochemical analyses.

Blood and serum collection

Blood (1–1.5 ml) from control as well as exposed fishes was
collected from the caudal vein using plastic disposable syringe
fitted with a 23-gauge needle and collected in separate potas-
sium EDTA anticoagulant tubes and immediately kept in ice
box. For serum collection, aliquots of blood in Eppendorf
vials having no anticoagulant were kept for 5 h at 4 °C.
After clotting of blood, samples were centrifuged at
2000 rpm for 10 min, and serum was collected and stored in
−20 °C for biochemical analyses.

Bioaccumulation of NiO NPs

Blood samples of exposed as well as control fishes were subject-
ed to NiO NP accumulation. Samples were digested with diacid
HClO4 and HNO3 in 1:2 ratio at 100 °C until all the materials
were dissolved. After cooling of digested samples, distilled water
was added into them and then they were filtered. The concentra-
tion of NiO NPs in serum was analysed using flame atomic
absorption spectrophotometer (Model 2380, Perkin Elmer, Inc.,
Norwalk, CT, USA) and expressed as milligram per litre of
blood.

Haematological studies

Blood samples from the control as well as exposed groups were
analysed for the haematological studies. RBC count and WBC
count were analysedwith Neubauer’s improved haemocytometer
using Hayem’s and Tuerk’s solution as diluting fluid, respective-
ly (Samuel 1986). Haemoglobin and haematocrit content were
measured by Sahli’s haemoglobinometer and Wintrobe’s meth-
od, respectively. Haemoglobin content was multiplied by 1.25
oxygen combining power of Hb/g to calculate the oxygen carry-
ing capacity of blood (Johansen 1970). The calculated indices
like MCV, MCH and MCHC were calculated by the standard
formulae of Dacie and Lewis (1991).

For determination of the differential leucocytes, blood
smears were made on glass slides and then air dried. After
air dried, slides were fixed in methanol and stained with
Giemsa stain. The percentage of different types of leucocytes
in an individual fish was found out by counting 100 cells from
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the best three of its smears, and a mean of three was taken. The
cells were counted from the same areas on each slide, and the
extreme edges were avoided. The cells observed were catego-
rized as lymphocytes, monocytes and three types of
granulocytes (neutrophils, eosinophils and basophils)
(Saunders 1967).

Structural changes in erythrocytes

Blood smears were made on glass slides and then air dried.
After that, slides were fixed using methanol and stained with
Giemsa stain. Subsequently, erythrocytes were observed un-
der microscope to see their structural changes following the
method of Ghiasi et al. (2010).

Biochemical analysis

Serum samples were analysed for biochemical parameters
using enzymatic-colorimetric methods. The cholesterol,
triglyceride and glucose level in serum were measured ac-
cording to the method suggested by Trinder (1969). Serum
cortisol level was measured using commercial ELISA kit
(Diametra: DK0001-96T) based on the manufacturer in-
structions. The total protein in serum was estimated by
Lowry et al. (1951) while serum albumin content was mea-
sured according to the method described by Corcoran and
Durnan (1977). Globulin concentration was determined as
the difference between total protein and albumin following
the method suggested by Bayunova et al. (2002). For the
determination of the albumin:globulin ratio, the value of
albumin was divided by the value of globulin. Serum cre-
atinine level was estimated by the method of Bowers and
Edward (1980). Bilirubin level was determined according
to the method of Jendrassik and Grof (1938).

AST and ALT activities in serum were analysed ac-
cording to the method suggested by Reitman and Frankel
(1957) while ALP activity was assessed according to
Kind and King’s (1954) method. Serum LDH activity
was analysed following the method described by
Weishaar et al. (1975).

Statistical analysis

Kolmogorov-Smirnov test was done to examine the nor-
mality of data. One-way analysis of variance (ANOVA)
followed by Duncan test was used to determine significant
difference among treated groups at a probability level of P
< 0.05. All the obtained data are given as mean ± standard
deviation (SD). Statistical analysis was done using SPSS
Software version 16.0.

Results

Characterization of nickel(II) oxide nanoparticles

Figure 1 A shows transmission electronmicroscopy images of
NiO NPs which revealed their dimension. The dimension of
NiO NPs was found to be less than 50 nm. The surface topog-
raphy and morphology of NiO NPs have been characterized
using scanning electron microscopy and shown in Fig. 1B.
The morphology of nanoparticles was found to be amorphous.
The energy-dispersive X-ray was done (Fig. 2) to detect the
elemental composition of NiO NPs, and it was obtained that
atomic percentage of oxygen and nickel was 73.74 and 26.26,
respectively. The weight percentage of oxygen was 43.35 and
nickel was 56.65, and in total, it was 100% of NiO NPs.

Bioaccumulation of Ni in the blood of NiO NP–
exposed fishes

The concentration (mg/l) of nickel(II) in the blood of fishes
exposed to different concentrations of NiONPs is presented in
Fig. 3. The accumulation of Ni in control group was below
detectable limit. However, the accumulation of Ni was found
to be significantly (P < 0.05) increased in all the treated groups
in concentration-dependent manner. The pattern of Ni accu-
mulation (mg/l) in serum was as follows: control (bdl) <12
mg/l (0.128 ± 0.021) <24 mg/l (0.643 ± 0.023) = 36 mg/l
(0.702 ± 0.037) <48 mg/l (1.333 ± 0.057).

Effect of different concentrations of NiO NPs on
haematological parameters of fishes

RBC count, WBC count, haemoglobin and haematocrit

Effect of different concentrations (12, 24, 36 and 48 mg/l) of
NiO NPs on the haematological parameters ofHeteropneustes
fossilis is shown in Fig. 4. Figure 4 shows that a number of
RBCs (million/mm3) decreased significantly (P < 0.05) in the
fishes exposed to all the concentrations of NiO NPs (3.06 ±
0.20 (12 mg/l), 2.33 ± 0.24 (24 mg/l), 3.20 ± 0.26 (36 mg/l)
and 2.84 ± 0.11 (48 mg/l)) when compared with the control
group (3.75 ± 0.51). The lowest value of RBCs was recorded
in the treatment of 24 mg/l of NiO NPs. No significant differ-
ence in the number of RBCs (P < 0.05) was found between 12-
and 36-mg/l-exposed groups.

Likewise, the total number of WBCs (thousand/mm3) also
decreased significantly (P < 0.05) in all the treated fishes when
compared with the control group (36.98 ± 1.42). Their values
(thousand/mm3) in 12-mg/l-, 24-mg/l-, 36-mg/l- and 48-mg/l-
treated groups were 20.83 ± 0.20, 24.8 ± 1.44, 31.23 ± 0.54
and 31.45 ± 0.79, respectively. The lowest number of WBCs
was found in 12-mg/l-treated group. An increasing trend in
WBC count was noticed in concentration-dependent manner
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from 12 to 48 mg/l treatment. However, no significant differ-
ence (P < 0.05) was observed between 36- and 48-mg/l-treated
groups.

Exposure of H. fossilis to NiO NPs also caused significant
alteration (P < 0.05) in Hb content (g/dl) (8.57 ± 0.60 (con-
trol), 7.6 ± 0.17 (12 mg/l), 9.5 ± 0.5 (24 mg/l), 9.17 ± 0.76 (36
mg/l) and 6.7 ± 0.17 (48 mg/l)) and Ht (%) (26.13 ± 1.29
(control), 21.93 ± 1.45 (12 mg/l), 27.7 ± 0.44 (24 mg/l),
28.4 ± 1.82 (36 mg/l) and 19.25 ± 1.09 (48 mg/l)).
Significant decrease in Hb and Ht values was observed in
treatments of 12 mg/l and 48 mg/l when compared with their
respective control groups. However, no significant alterations
(P < 0.05) in these parameters were recorded between 24 and
36 mg/l treatments.

Differential leucocyte count (DLC) like neutrophils, eosin-
ophils, basophils, lymphocytes and monocytes also showed
alterations in their mean percentage values after exposure to
NiO NPs (Fig. 5). The mean percentage values of neutrophils,
eosinophils and basophils were found to be significantly
higher in all the treated groups than in the control (Fig. 5).

In case of basophils, they were not detected in control as well
as 12 mg/l of treated fishes (Fig 5). However, the mean per-
centage of lymphocytes was significantly lower in all the treat-
ed groups (except 48-mg/l-treated group) than in the control
group (Fig. 5). A significantly lower mean percentage value of
monocytes was also observed in all the treated groups when
compared with the control group (Fig. 5).

MCV, MCH, MCHC and OCC (calculated indices)

The effect of NiO NPs on the calculated indices is shown
in Table 1. From Table 1, it can clearly be seen that values
of MCV and MCH have shown significant increase (P <
0.05) in 24-mg/l-treated group when compared with the
control. A significant increase in MCV was also observed
in 36-mg/l-treated group. However, no significant varia-
tions (P < 0.05) in these parameters were noticed in other
treated groups, i.e. 12 mg/l and 48 mg/l. The different
concentrations of NiO NPs did not show any remarkable
effects on MCHC. The significant decrease in oxygen

Fig. 1 (A) Transmission electron microscopic (TEM) images of NiO NPs. (B) Scanning electron microscopic (SEM) images of NiO NPs

Fig. 2 Energy-dispersive X-ray (EDX) images of NiO NPs
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carrying capacity was observed in 12-mg/l- and 48-mg/l-
treated groups when compared with the control.

Effect of NiO NPs on the structure of erythrocytes of NiO
NP–exposed fishes

The results of the alteration in the morphology of erythrocytes
inH. fossilis after exposure to NiONPs for a period of 14 days
are shown in Fig. 6. Alteration in the structure of erythrocytes,
due to NiO NP toxicity, could clearly be seen in all the treated
groups while intact and healthy cells were viewed in the con-
trol group. Initiation of membrane and disintegration of eryth-
rocytes as well as dividing nucleus were observed in 12 mg/l
treatment while more membrane disintegrated erythrocytes
were found in 24 mg/l treatment. Nuclear disintegration and
deformed erythrocytes were also observed in 24-mg/l-treated

group. Many vacuolated cells as well as enucleation were
noticed in 36-mg/l-treated group while more micronucleus
and deformed erythrocytes were viewed in 48-mg/l-treated
fishes.

Effect of different concentrations of NiO NPs on
biochemical parameters of fish serum

Cholesterol, triglyceride, glucose and cortisol levels

Alteration in the concentration of different serum biochemical
parameters due to exposure of different concentrations of NiO
nanoparticles is shown in Table 2. In case of serum cholesterol
level (mg/dl), some fluctuations were observed. It showed
significantly higher values (P < 0.05) in 24 mg/l and 36 mg/l
of NiO NPs while it decreased significantly in 12 mg/l
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treatment when compared with the control. However, treat-
ment with 48 mg/l did not show any significant variations (P
< 0.05) in its level.

Triglyceride level (mg/dl) also showed significant variation
by decreasing in all the treated groups when compared with
the control. However, no significant changes (P < 0.05) were
observed in its level among 12-mg/l-, 24-mg/l- and 36-mg/l-
treated groups.

Furthermore, the serum analysis showed that different con-
centrations of NiO NPs caused a significant increase (P <
0.05) in the glucose level (mg/dl) in all the exposed groups
compared with the control.

Cortisol (ng/ml) level also showed significant increase in
all the treated groups when compared with the control. While
no significant difference was observed in its level between 24-
mg/l- and 36-mg/l-treated groups.

Total protein, albumin, globulin and albumin: globulin

The serum analysis revealed that all the treated groups showed
significant decrease (P < 0.05) in the total protein concentration

(mg/dl) when compared with the control with the highest de-
crease in 48 mg/l treatment. Likewise, serum albumin (mg/dl)
and globulin (mg/dl) levels also decreased significantly (P <
0.05) in all the treated groups (except globulin level in 12 mg/l
treatment) compared with the control while total serum protein,
albumin and globulin levels did not show any significant differ-
ence (P < 0.05) between 24 and 36 mg/l treatments. Concerning
to albumin globulin ratio, there was a significant decrease (P <
0.05) in their ratio in all the treated groups when compared with
the control. However, no significant difference (P < 0.05) was
recorded in their ratio between 24 and 36 mg/l treatments.

Creatinine and bilirubin

Serum creatinine level (mg/dl) showed significant increase (P <
0.05) in all the treated groups except in 12 mg/l treatment when
compared with the control group. Interestingly, it showed signif-
icantly increased (P < 0.05) level in concentration-dependent
manner after 12 mg/l concentration treatment.

Regarding bilirubin level (mg/dl), it also showed signifi-
cant increase (P < 0.05) in all the treated groups (except in 12-

Fig. 5 Effect of different concentrations of NiO NPs on the differential leucocytes count after 14 days of exposure

Table 1 Calculated
haematological indices in
H. fossilis exposed to different
concentrations of NiO NPs

Parameters Control 12 mg/l 24 mg/l 36 mg/l 48 mg/l

MCV (fl) 70.87 ± 12.60a 71.60 ± 0.88a 119.44 ± 10.53c 89.11 ± 9.97b 67.86 ± 6.11a

MCH (pg) 23.28 ± 4.67a 24.86 ± 1.08a 40.97 ± 4.35b 28.74 ± 3.30a 23.59 ± 1.16a

MCHC (g/dl) 32.77 ± 0.94a 34.71 ± 1.45a 34.29 ± 1.41a 32.26 ± 0.87a 34.89 ± 2.56a

OCC (ml O2/g/Hb) 10.71 ± 0.75b 9.5 ± 0.22a 11.88 ± 0.63b 11.46 ± 0.95b 8.38 ± 0.22a

Values are presented as means ± SD (n = 3). The different superscripts show significant differences (P < 0.05)
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mg/l-treated group) when compared with the control group.
After 12 mg/l treatment, the bilirubin level was also found to
be significantly (P < 0.05) increased in concentration-
dependent manner. Simultaneously, the highest level (P <
0.05) of bilirubin was observed in the 48-mg/l-treated group.

Effect of NiO NPs on the serum enzymatic activities
(ALT, ALP, AST and LDH) of NiO NP–exposed fishes

Table 3 represents the effects of different concentrations of
NiO NPs on liver function in terms of different enzymatic
activities in the serum of H. fossilis after 14 days of NiO NP
exposure. Interestingly, the highest activities of ALT (IU/l),
ALP (KA/100 ml) and AST (IU/l) were observed in 48-mg/l-
treated groups. ALT activity did not show any significant
difference (P < 0.05) in the treated groups (except in 48 mg/l

treatment) from the control. In case of ALP, all the treated
groups showed significantly lower (P < 0.05) activity (except
in 48-mg/l-treated group) than the control group. Significantly
(P < 0.05) higher activity of AST was observed in 24-mg/l-
treated group while it showed decrease in 12-mg/l- and 36-
mg/l-treated groups when compared with the control group. In
case of serum lactate dehydrogenase activity (LDH), it
showed a general trend of significant (P < 0.05) increase in
concentration-dependent manner in all the treated groups
when compared with the control fishes.

Discussion

Nowadays, pollution has become one of the major reasons for
most of the environmental problems and reflects a major threat
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Fig. 6 Effect of different concentrations of NiO NPs on the structure of erythrocytes after 14 days of exposure

Table 2 Biochemical biomarkers
in H. fossilis exposed to different
concentrations of NiO NPs

Parameters Control 12 mg/l 24 mg/l 36 mg/l 48 mg/l

Cholesterol (mg/dl) 295.44 ± 4.70b 177.81 ± 8.21a 353.08 ± 7.70c 364.03 ± 3.81c 302.19 ± 7.95b

Triglyceride (mg/dl) 156.49 ± 3.12c 73.49 ± 3.33b 76.52 ± 5.86b 71.88 ± 7.35b 53.05 ± 6.22a

Glucose (mg/dl) 43.39 ± 0.54a 52.43 ± 2.44b 68.14 ± 0.95c 71.45 ± 2.58d 92.93 ± 2.63e

Protein (mg/dl) 6.72 ± 0.08d 6.57 ± 0.09c 5.09 ± 0.05b 4.99 ± 0.07b 3.72 ± 0.04a

Albumin (mg/dl) 3.14 ± 0.10d 2.94 ± 0.08c 1.97 ± 0.03b 1.9 ± 0.01b 1.52 ± 0.02a

Globulin (mg/dl) 3.58 ± 0.06c 3.63 ± 0.05c 3.12 ± 0.02b 3.09 ± 0.01b 2.2 ± 0.03a

Albumin:globulin 0.88 ± 0.02d 0.81 ± 0.03c 0.63 ± 0.01a 0.61 ± 0.01a 0.69 ± 0.02b

Creatinine (mg/dl) 0.42 ± 0.0003a 0.42 ± 0.0002a 0.82 ± 0.0036b 1.46 ± 0.0040c 1.88 ± 0.0036d

Bilirubin (mg/dl) 0.52 ± 0.03a 0.56 ± 0.04a 0.86 ± 0.02b 0.99 ± 0.01c 1.3 ± 0.03d

Values are presented as means ± SD (n = 3). The different superscripts show significant differences (P < 0.05)
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to the global ecosystem and welfare of billions of people
(Brand 2001). Aquatic organisms are also greatly affected
by the pollution as aquatic system is one of the major receivers
of variety of pollutants and wastes. Currently, fishes are being
increasingly used in the monitoring of water pollution (Luoma
and Rainbow 2008; Monteiro et al. 2010). They have many
incredible qualities such as greater sensitivity towards changes
in the quality of aquatic environment and ability to metabo-
lize, concentrate and accumulate different types of toxicants
whichmake them a good bioindicator of aquatic ecosystem. In
addition, their physiological, biochemical or histological re-
sponses are also used as biomarker to measure water pollution
and toxic effect of different toxicants (Ogunola 2017).

Nanoparticles, the new emerged pollutant, may cause tox-
icity to the organism by binding with specific receptors local-
ized on the cell surface or membrane of cell organelles that
lead to the cellular changes at structural as well as functional
levels resulting impairment of normal functioning of cell.

Blood parameters are regarded as patho-physiological indica-
tor of the whole body. Therefore, they are being used as very
useful tool in detecting the structural and functional status of
fishes exposed to different toxicants (Adhikari and Sarkar
2004; Maheswaran et al. 2008). Currently, they are being used
as an important tool in toxicological as well as pharmacological
research for monitoring and evaluating the health status of organ-
isms (Lasheen et al. 2012). Hence, in the present study, we used
different haematological and biochemical parameters of blood to
assess the toxic effect of NiO NPs on fish health.

Ni accumulation in blood

Significant accumulation of Ni in the blood elucidates toxic
effect of NiO NPs on fish (Fig. 3). Ni accumulation might
have caused production of ROS, i.e. oxidative stress, which
resulted in damaging alteration in various vital parameters. In
present study, changes in haematological and biochemical pa-
rameters and structural changes in RBCs in NiO NP–exposed
fish are the results of the accumulation of Ni in blood.

RBC count, WBC count, DLC, Hb and Ht

The current study elucidated a significant decrease in RBCs
number in all the treated groups (12mg/l, 24mg/l, 36mg/l and

48 mg/l) of H. fossilis exposed to NiO NPs in comparison to
the control while Ht and Hb did not significantly differ among
control, 24 mg/l and 36 mg/l concentrations (Fig. 4). In the
present study, significant decrease in RBC number in the treat-
ed groups might be due to accumulation of NiO NPs in the
RBCs that has caused changes in their structure and function
and resulted in deleterious effects on them (Ale et al. 2018).
Accumulation of Ni nanoparticles in the blood and structural
deformities are also evident in present study and are shown in
Figs. 2 and 6, respectively.

The observed results of haemoglobin and haematocrit con-
tent might be because of changes in numbers and structure of
RBCs (Fig. 4) due to NiO NP accumulation (Fig. 2). The ob-
served increase in haemoglobin and haematocrit content in 24
mg/l and 36 mg/l of NiO NP–exposed fishes in comparison to
the control reflects increased demand for oxygen (Fig. 4) due to
NiO NP toxicity (Anand et al. 2015). From the correlation
matrix (Fig. 7), it is clearly seen that both Ht and Hb have
shown a strong positive correlation with OCC (Ht vs OCC (r)
= 0.954; Hb vs OCC (r) = 1) that led to the increased demand
for oxygen (Anand et al. 2015) in stress condition caused by
NiO nanoparticles.

In previous studies, it has been reported that Labeo rohita
treated with the lethal concentration (LC50) of AgNPs
showed a significant decrease in RBC number, Hb and Ht
values (Rajkumar et al. 2016). Hajirezaee et al. (2019) also
reported a significant decrease in RBCs number with no sig-
nificant changes in Hb or Ht values in common carp treated
with TiO2 NPs.

Likewise, Shaluei et al. (2013) found significant decrease
in RBCs and Ht in silver carp exposed to AgNP. A significant
decrease in % Ht level in rainbow trout after 8 days of AgNP
exposure was also reported by Imani et al. (2015).

Consequently, the harmful effects of NiO NPs on
haematology include the disintegration of RBCs which might
be due to peroxidation of fatty acids in plasma membranes by
Ni nanoparticles (as nanoparticles are known to cause produc-
tion of ROS) (Massarsky et al. 2014) as well as due to changes
in the morphology of RBCs and the presence of micronucleus
(Sayed et al. 2018).

WBCs or leucocytes can be considered as an essential part
of the immune system involved in defending the body from
both infectious diseases and foreign materials (Vaseem and

Table 3 Activities of different
serum enzymes in H. fossilis
exposed to different
concentrations of NiO NPs

Parameters Control 12 mg/l 24 mg/l 36 mg/l 48 mg/l

ALT (IU/l) 30.26 ± 4.10ab 26.55 ± 1.14a 33.23 ± 2.6b 25 ± 4.84a 81.09 ± 3.05c

ALP (KA/100 ml) 8.25 ± 0.33c 2.17 ± 0.01a 4.33 ± 0.02b 2.17 ± 0.02a 19.60 ± 0.35d

AST (IU/l) 42.31 ± 2.17c 28.97 ± 1.11a 50.47 ± 1.6d 33.70 ± 0.98b 57.37 ± 0.88e

LDH (IU/l) 2011.33 ± 3.51a 2225 ± 5.00b 3023 ± 5.00c 3518.33 ± 6.11d 4441.67 ± 7.64e

Values are presented as means ± SD (n = 3). The different superscripts show significant differences (P < 0.05)
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Banerjee 2012). They can be used as a good biomarker of NiO
NP toxicity to the fish. In the present study, initially, theWBC
counts decreased and eventually increased in concentration-
dependent manner in 14 days of NiO NP exposure. But they
remained significantly lower than the control fishes (Fig. 4).

In previous studies also, a significant decrease in WBC
count was observed in fishes like Labeo rohita exposed to
Fe2O3 NPs (Remya et al. 2015) and Oreochromis niloticus
treated with AgNP (Thummabancha et al. 2016) when com-
pared with their respective control groups. Cheraghi et al.
(2013) also noted decreased WBC count in rats administered
to different concentrations of silver nanoparticles.

In the present study, decreased number of WBCs indicates
decreased nonspecific immunity of fish due to NiO NP stress.
Accumulation of nanoparticles in the cells might also be the
reason for the disruption of cellular function (Bystrzejewska-
Piotrowska et al. 2009) as significant amount of Ni is reported
in the presented study. Alterations in DLC in treated groups
also attributed to the detrimental impact of NiO NPs on fish
health (Fig. 5).

Calculated haematological indices

Alterations in RBC, Hb and Ht might have caused changes in
the calculated indices such as MCV, MCH and MCHC
(Table 1). In the present study, different concentrations of
NiONPs had no significant effect onMCHC andMCH values
(except in 24-mg/l-exposed fishes for MCH) while it showed
a significant impact on MCV in 24 and 36 mg/l.

A previous study reported no significant difference in
MCV, MCH and MCHC of Caspian trout (Salmo trutta
caspius) exposed to CuO NP (Kaviani et al. 2019) which is
in agreement with our findings. Our study is also in agreement
with the findings of Ali Alkaladi et al. (2015) who observed
no significant difference in MCV,MCH andMCHC values in
Oreochromis niloticus exposed to ZnO NPs. No significant
effect on MCH and MCV was also observed in AgNPs ex-
posed common carp by Sara et al. (2020).

In current study, the increased MCV and MCH in 24-mg/l-
treated group indicate macrocytic anaemia (Saravanan et al.
2011) which is also in agreement with the other similar toxi-
cological researches in common carp exposed to diazinon
(Svoboda et al. 2001) and imidan, and dichlorvos
(Svobodova 1971). A strong correlation between MCV and
MCH confirms macrocytic anaemia in blood cells of the treat-
ed groups caused by NiO NPs (Fig. 7).

Structural changes in erythrocytes

Nowadays, morphological studies of erythrocytes are being
used as one of the most specific and sensitive indicators in
toxicological research to investigate the potential impacts of
different toxicants (Jindal and Kaur 2014; Alkaladi et al.
2015). To assess the potential effect of NiO NPs on the phys-
iology of the fish, it is necessary to take into account the
morphological changes occurring in the erythrocytes because
deformities in the structure of erythrocytes are one of the
markers of inconsistency in the physiology of respiration.

RBCs WBCs
Haemo
globin

Haemat
ocrit MCV MCH MCHC OCC GlucoseCor�sol Protein

Crea�
nine

Biliru
bin ALT ALP AST LDH

Ni 
Accumula

�on
RBCs 1
WBCs 0.585 1
Haemoglobin -0.14 0.03 1

Haematocrit 0.017 0.16 0.95 1
MCV -0.71 -0.32 0.75 0.66 1
MCH -0.77 -0.39 0.7 0.56 0.98 1
MCHC -0.4 -0.38 -0.25 -0.52 -0.04 0.14 1
OCC -0.14 0.03 1 0.95 0.75 0.7 -0.25 1
Glucose -0.52 -0.02 -0.25 -0.27 0.16 0.18 0.16 -0.25 1
Cortisol -0.56 0 -0.18 -0.21 0.23 0.25 0.18 -0.18 0.99 1

Protein 0.503 -0.09 0.24 0.26 -0.16 -0.18 -0.18 0.24 -0.98 -0.99 1
Creatinine -0.27 0.24 -0.3 -0.26 -0.05 -0.05 0.05 -0.3 0.94 0.93 -0.95 1

Bilirubin -0.41 0.14 -0.3 -0.3 0.05 0.06 0.14 -0.3 0.98 0.97 -0.99 0.98 1

ALT -0.21 0.22 -0.7 -0.73 -0.33 -0.27 0.37 -0.7 0.71 0.69 -0.75 0.71 0.76 1

ALP -0.04 0.43 -0.66 -0.66 -0.41 -0.36 0.26 -0.66 0.55 0.53 -0.61 0.6 0.63 0.95 1

AST -0.39 0.31 -0.19 -0.26 0.17 0.22 0.26 -0.19 0.59 0.64 -0.68 0.51 0.63 0.78 0.8 1

LDH -0.4 0.12 -0.32 -0.32 0.03 0.04 0.15 -0.32 0.98 0.97 -0.99 0.98 1 0.76 0.6 0.6 1

Ni 
Accumulation -0.48 0.06 -0.33 -0.35 0.08 0.1 0.19 -0.33 0.99 0.98 -0.99 0.95 0.99 0.8 0.7 0.68 1 1

Fig. 7 Correlation matrix showing correlation among the various parameters (dark green colour is showing strong positive correlation, and dark red
colour is showing strong negative correlation)
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In our study, all the treated groups showed deformation in
the morphology of erythrocytes when compared with control
group (Fig. 6). In the control group, all the cells were intact
and elliptical in shape. However, membrane disintegration of
erythrocytes was observed in 12-mg/l- and 24-mg/l-exposed
fishes with higher membrane damage in 24-mg/l-exposed
fishes than the 12-mg/l-exposed one. The membrane disinte-
gration could be the result of NiO NP toxicity that led to
breakage in erythrocytes causing changes in the binding affin-
ity of haemoglobin. Nuclear disintegration in 12-mg/l and 24-
mg/l-exposed groups revealed improper cell division due to
deleterious effects of NiO NPs on erythrocytes. Vacuolated
cytoplasm and enucleation in erythrocytes were also noticed
in the treatment of 36 mg/l concentration of NiO NPs.
Furthermore, deformed erythrocytes and the micronucleus in
many cells were also observed in the treated group of 48 mg/l
concentration. The formation of micronucleus might be due to
defects in spindle fibre during the segregation process of ana-
phase. Notably, a recent study in adult zebrafish reported pe-
ripheral erythrocytes abnormalities such as erythrocyte micro-
nucleus, lobed, notched and blebbed nuclei and vacuolated
cytoplasm after exposure to TiO2 NPs and Ag-doped
TiO2NPs (Mahjoubian et al. 2021). Similarly, Vidya and
Chitra (2018) demonstrated the formation of micronucleus
in erythrocytes as well as genetic damage in Oreochromis
mossambicus after exposure of some selected nanoparticles.
Micronucleus was also found to be induced in blood cells of
fish after exposure of cadmium chloride and copper sulphate
in the study carried out by Cavas et al. (2005). An earlier
literature of Anbumani and Mohankumar (2012) also showed
higher frequency of micronucleus in Catla catla after irradi-
ating with gamma radiation.

Cholesterol, triglyceride, glucose and cortisol levels

Cholesterol is also an important biomarker to determine the
stress condition in toxicological research which is produced in
response to different toxicants. In the present study, the ele-
vated level of cholesterol was observed in most of the treated
groups and was found to be significantly different from con-
trol, while only 12-mg/l-treated group showed a significant
decrease in serum cholesterol level (Table 2). The increased
cholesterol level after exposure of NiO NPs indicates liver
dysfunction which ultimately caused the release of cholesterol
into the blood. In the present study, liver dysfunction has also
been observed in terms of the changes in the activities of
different enzymes like AST, ALT and ALP (Table 3). The
elevated levels of cholesterol have also been reported in the
serum ofCirrhinus mrigala (Kumar et al. 2005), Labeo rohita
(Vaseem and Banerjee 2012) and Channa punctatus (Kaur
and Kaur 2006) exposed to lead, sea nodule effluent and
nickel-chrome electroplating effluents, respectively.

Triglyceride level also showed variations and significantly
decreased in all the treated groups of NiO NPs as compared to
the control group (Table 2). This might also have occurred due
to liver damage and its dysfunction. Our results are also sup-
ported by the findings of Said et al. (2019), who observed
decrease in triglyceride level and liver damage in African cat-
fishClarias gariepinus after exposure to copper nanoparticles.
The decrease level of triglyceride was also noticed in Wistar
rats after ingestion of silver nanoparticles (Razavian and
Masaimanesh 2015).

Glucose is one of the most sensitive parameters for
assessing the stressed condition of an organism. Its high
concentration in the blood indicates that the organism is in
stress and using its energy reserves to curb the stress level
(Vosyliene 1999; Javed and Usmani 2013). In the present
study, an increment in glucose level was observed in all the
treated groups when compared with the control (Table 2).
The elevated glucose level might be due to the breakdown
of stored glycogen or the high rate of gluconeogenesis in
order to supplement the demand of additional energy dur-
ing the stress condition caused by NiO NPs. A strong cor-
relation (r = 0.988) between glucose and Ni accumulation
(Fig. 7) suggests the impact of NiO NPs on glucose
content.

The decreased protein level in all the exposed fish also
confirms its utilization in glucose production to combat the
stress. A strong negative relation of protein with glucose (r =
−0.983) also indicates increase in gluconeogenesis where pro-
tein has been utilized for energy production in the form of
glucose (Fig. 7).

The observed findings in the present study also showed an
agreement with Abdel-Khalek et al. (2015) and Firat and
Kargin (2010) who exposed Nile tilapia to Zn NPs, and dif-
ferent concentrations of Zn, Cd and Zn + Cd, respectively, and
reported increased serum glucose level.

Cortisol is a stress hormone that is released during stress
condition. It causes increase in glucose production through
glycogenolysis (Zhang et al. 2015) as well as mobilization
of energy reserves (Sadoul and Vijayan 2016) to combat the
stress caused by toxicants in organisms. A strong correlation (r
= 0.988) between cortisol and glucose also indicates that their
level increased in the body to combat the stress caused by NiO
NPs (Fig. 7). In the present study, serum cortisol level in-
creased significantly in all the exposed groups (Table 2), that
might be due to weakened immune responses, immunosup-
pression and liver malfunction (Hontela et al. 1992; Tort
2011; Shaluei et al. 2013).

A previous study also showed a significant increase in both
serum cortisol and glucose level in common carp exposed to
Ag NPs, which is in agreement with our findings (Sara et al.
2020). Other literatures are also in agreement with our results
(Clark et al. 2018; Canli et al. 2018; Ghafari et al. 2017;
Hedayati et al. 2019).
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Total protein, albumin, globulin and
albumin/globulin ratio

Proteins, the important building blocks of all cells and tissues,
are essential for the growth and development of the body.
Likewise, albumin is also an important protein comprising
more than half of the total serum protein and involved in the
transport of vitamins, hormones, bilirubin, drugs and toxi-
cants. Similarly, globulin is also a protein that plays an impor-
tant key role in the immune system which is used for the
transport of nutrients and fights against toxicants. These pro-
teins are predominantly generated and entrusted in liver tis-
sues. In the present study, total protein, albumin and globulin
levels significantly decreased in all the treated groups (except
globulin level in the 12-mg/l-treated group) when compared
with the control (Table 2). The observed hypoalbuminaemia
and hypoglobulinaemia in treated groups were due to
hypoproteinaemia (Alkaladi et al. 2015). Reduction in protein
level (albumin and globulin) in treated groups might be the
result of gluconeogenesis where it is utilized for energy pro-
duction in the form of glucose. In the present study, increase in
glucose level in treated groups is evidence of gluconeogenesis
and consequently reduction of proteins. The damages in the
liver and kidneys caused by NiO NPs might have also caused
reduction in the protein synthesis (Imani et al. 2015). Our
findings are in agreement with the findings of Sara et al.
(2020) and Alkaladi et al. (2015), who also noticed decrease
in protein, albumin and globulin levels in the Cyprinus carpio
exposed to AgNPs and O. niloticus exposed to ZnO NPs,
respectively.

The albumin/globulin (A/G) ratio is also an important in-
dicator of tissue damages and widely used in clinical research.
In our study, albumin/globulin ratios significantly decreased
in all the groups exposed to NiO NPs compared with the
control (Table 2). Reduced A/G ratio indicates damage and
injury in vital tissues like the liver and kidneys.

Creatinine and bilirubin

The serum creatinine level is being used as a rough index of
glomerular filtration rate and kidney dysfunction (Maita et al.
1985). In the present study, serum creatinine level showed
significant increase in all the treated groups (except in 12-
mg/l-treated groups) from control (Table 2). The elevation of
creatinine in serum might be an indicator of kidney dysfunc-
tion due to NiO NPs. A strong correlation (r = 0.948) between
creatinine and Ni accumulation in the blood shows increase in
creatinine level with the increase in Ni accumulation (Fig. 7).

Previously, a significant increase in the serum creatinine
level has been reported in all the treated groups of Nile tilapia
after exposure of CuO NPs (Abdel-Khalek et al. 2015). Our
results also agree with the findings of Zaghloul et al. (2006)
who studied the effects of copper toxicity in three fish

C. gariepinus, O niloticus and T. zillii and obtained higher
level of serum creatinine level when compared with the
control.

Bilirubin is a waste product generated by the haemoglobin
catabolism in the liver and is secreted via the liver to bile. It is
an important indicator of liver injury. In our study, bilirubin
level significantly increased in most of the treated groups in
comparison to the control (Table 2). The increased level of
bilirubin might be associated with the damage in liver caused
by NiO NPs. Strong correlation (r = 0.989) between bilirubin
and Ni accumulation also shows impact of NiO NPs on the
level of bilirubin (Fig. 7). Increased level of bilirubin in serum
has also been reported byGupta and Guha (2006) inH. fossilis
exposed to microcystin. Similar results were also noticed in
the study of Carbis et al. (1996) in C. carpio intoxicated with
microcystin. Earlier literature of Young et al. (1994) also
agrees with the findings of our study.

AST, ALT, ALP and LDH activities

In aquatic ecotoxicology, Serum enzymes and biochemical
indices have been used as very sensitive and suitable bio-
markers as they reflect the main primary indicator of potential
health hazards to aquatic organisms (Nel et al. 2009).

Nanoparticles may have capability to enter the body
through respiratory and digestive system because of their very
small diameter (<100 nm) (Handy et al. 2008; Shi et al. 2013)
and can be dispersed through the circulation of blood and
ultimately deposited into the liver (Evans et al. 1993; Van
der et al. 2003). AST and ALT are mainly found in the liver
and are intracellular enzymes associatedwith gluconeogenesis
and metabolism of amino acid. Due to NiO NP toxicity, the
liver may get disrupted and causes leakage of ALT and AST
into the blood (Banaee et al. 2011; Sookoian and Pirola 2012).
The other important membrane-associated enzyme is the
ALP, and any change in the membrane of liver cells could
change its activity in serum (Molina et al. 2005). In earlier
literatures, the mechanism of action of NiO NPs has not been
explored well and studies related to NiO NP toxicity are also
very few. Therefore, in our perspectives, the smaller size of
NiO NPs might have caused its infiltration into the cell mem-
brane through diffusion and endocytosis process and pro-
duced reactive oxygen species, which in turn damaged the
proteins, DNAs, RNAs, mitochondria, etc. Therefore, the core
mechanism of NiO NP toxicity might be the production of
reactive oxygen species (ROS) and oxidative damage to the
cells.

In the present study, elevation in the activities of ALT,
AST and ALP in most of the treated groups (Table 3) might
be the result of injury in liver and excoriation in
hepatopancreases due to NiO NP toxicity which ultimately
ascertain the potential damage in hepatocytes, damage in pa-
renchymal cells, etc. (Farkas et al. 2004; Kandeel 2004). A

54641Environ Sci Pollut Res  (2021) 28:54630–54646



strong correlation among these enzymes shows their depen-
dency on one another (Fig. 7).

In earlier literature, activities of ALT, AST and ALP in
serum were also found to be significantly increased in
O. niloticus after exposure of Zn in comparison to the control
group (Abdel-Khalek et al. 2015). Similar results were also
observed by Zaghloul et al. (2006) after studying the copper
toxicity on three fish species: O. niloticus, T. zillii and
C. gariepinus.

The present study also showed an agreement with the find-
ings of Abdel-Khalek et al. (2015) who exposed O. niloticus
to 1/10 and 1/20 LC50/96 h of CuO (BPs and NPs) for 30 days
and observed a significant increase in ALT, AST and ALP
activities in serum when compared with the control group.

Lactate dehydrogenase is one of the main enzymes of car-
bohydrate metabolism involved in glycolysis to catalyse the
oxidation of lactate and reduction of pyruvate to ultimately
generate energy from sugars. This enzyme is found almost
in every cell of the body including the muscles, brain, blood,
kidney, pancreas and liver. In the present investigation, a sig-
nificant increase was noticed in the activity of LDH in all the
NiO NP–treated groups than the control (Table 3). The in-
crease level of LDH in serum might be due to catabolism of
sugars to generate energy to overcome the stress condition
caused by NiO NPs. In the present study, the higher level of
LDH in treated groups is the evidence of injury in the liver,
kidney and other tissues which lead to release of LDH in the
blood and increase in its level. Therefore, LDH might be an
important indicator of damage to the body’s tissues. A strong
correlation of LDHwith glucose (r = 0.982) as well as with Ni
accumulation (r = 0.988) also indicates increased production
of glucose to provide energy to overcome the stress caused by
NiO NPs (Fig. 7).

Our findings are also supported by the results of Imani et al.
(2015) who observed significantly higher level of LDH after
exposing rainbow trout,Oncorhynchus mykiss, to silver nano-
particles. Among others, recent studies also demonstrated that
LDH level increased in Caspian Roach (Rutilus rutilus
caspius) exposed to ZnO NP exposure (Khosravi-Katuli
et al. 2018) and, in Caspian Trout and Salmo trutta caspius
exposed to Copper oxide nanoparticles (Kaviani et al. 2019).

Conclusion

The present study illustrates that NiO NPs caused significant
toxic impact on H. fossilis as demonstrated by Ni accumula-
tion in the blood, alteration in the haematological and bio-
chemical parameters and changes in the activity of different
enzymes in the blood. It was found that lower dose of NiO
NPs was less toxic to the fishes while higher dose exhibited
more deteriorating effect. Significant accumulation of Ni was
noticed in the blood of NiO NP–exposed fishes that induced

substantial toxicity and changes in the haematological param-
eters (RBC count, WBC count, Hb content and Ht%) as well
as calculated haematological indices (MCV, MCH, MCHC
and oxygen carrying capacity). Changes in the morphology
of erythrocytes also demonstrate toxicological effects of NiO
NPs. Furthermore, it also induced significant changes in the
mean percentage of differential leucocytes like neutrophils,
eosinophils, basophils, lymphocytes and monocytes.
Significant alterations in the biochemical profiles viz. choles-
terol, triglyceride, glucose, protein, albumin, globulin,
albumin-globulin ratio, creatinine, bilirubin and cortisol and
serum enzyme activity like AST, ALT, ALP and LDH are also
an indication of toxic effect exhibited by NiO NPs. In conclu-
sion, the present study suggests to assess the toxic effect of
NiO NPs in the aquatic organisms so that their hazards risk
can be monitored and organisms could be protected from their
detrimental impact.
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