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ABSTRACT 

The harmful effects of different levels of Nickel nanoparticles (Ni-NPs) (particle size = 
20nm) on male rats' lungs were explored in the study. Intraperitoneal injection of Ni-
NPs occurred at 0, 5, 20, and 100mg/kg/bw over 28 days. The quantity of 
malondialdehyde (MDA). The evaluation also included the levels of reduced 
glutathione (GSH) and the activity of antioxidant enzymes, including superoxide 
dismutase (SOD), glutathione peroxidase (GPX), and catalase (CAT). Additionally, 
observations were made on lung changes at the histopathological, immunological, 
and ultrastructural levels. Lung homogenates displayed a noticeable increase in MDA 
levels, which was dependent on the dosage. Dose-dependent changes were 
observed in the biochemical parameters. Histological analysis revealed several 
abnormalities in the rats treated with Ni-NPs, including thickening of alveolar walls. 
Pulmonary vessels experience blood congestion, lung parenchyma is severely 
damaged, and lung tissues suffer from hemorrhage. The diffuse appearance of the 
inflammatory leukocytes stood out as the most evident histopathological 
characteristic. A dose-dependent pattern was observed in all of these 
histopathological features. The p53 immunohistochemical demonstration exhibited a 
higher reaction intensity compared to the control. Examination of the ultrastructure 
showed that exposure to Ni-NPs led to damage in the mitochondria. The detected 
biochemical, histological, immunohistochemical, and ultrastructural alterations in the 
rat lungs demonstrate the harmful effects of NiNPs on lung health. These effects 
seem to be mediated in large part by the production of oxidative stress. 
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1.Introduction 
Nanotechnology is an emerging field with diverse 
applications in energy, medicine, and industry 
(Allhoff et al., 2009). Materials with a size below 
100 nm are classified as nanoparticles (NPs) 
(Laurent et al., 2008).  Nickle oxide nanoparticles 
(NIO-NP), finds extensive industrial applications 
such as alkaline battery cathodes, catalysis, 
electromagnetic devices, and pigments for 
ceramics and glass (Oukarroum et al., 2017). Oil 
refineries or dusts can be sources of nickel 
nanoparticle (NiNPs) production and harvesting. 
It can be emitted into the atmosphere as a 
byproduct of oil refineries and is harmful to the 
lungs of individuals living near industrial plants 
that utilize Ni-NP. Ni-NP can also react with 
chromium (Cr), manganese (Mn), and iron (Fe) to 
form hazardous complex compounds that pose 
health risks to the population (Shoeb et al., 
2017).  

Metal NPs, particularly NiNPs, have the ability to 
emit metal ions that are hazardous to aquatic life 
(Boran and Şaffak, 2018). The attention of 
numerous researchers has been on the 
detrimental consequences of NiNPs on human 
health (Kong et al., 2014); however, additional 
research is required (Gu et al., 2016). NiNPs may 
be more hazardous and perhaps carcinogenic 
than their fine counterparts, according to 
validated research (Magaye et al., 2014b, 
Katsnelson et al., 2015, Abdulqadir and Aziz, 
2019b). 
Previous studies demonstrated that after the 
giving of NPs to laboratory animals, they 
accumulate in the liver, kidney, spleen, brain, 
lung, etc. and cause 
various unfavourable influences (Borm and 
Kreyling, 2004, Lasagna-Reeves et al., 2010, 
Abdulqadir and Aziz, 2019a, Abdulqadir and 
Aziz, 2019b). Histopathological examinations 
demonstrated that alveolar macrophages 
ingested NiO, that these macrophages 
deteriorated and necrosed, and that there were 
inflammatory reactions (Cao et al., 2016, Senoh 
et al., 2017). Nevertheless, the inhalation 
approach is the most realistic simulation model 
since it most closely mimics real-world human 
exposure; other suitable models should be 

evaluated (Li et al., 2018). The aims of the 
present work were: (1) studying the effect of 
different doses of 20nm NiNPs on the lung of 
male rats. (2) Finding the relation of such 
histological alterations with induced oxidative 
stress. 
2. Material and Methods 

2.1. Materials  

The 20nm NiNPs powder was provided by 
Sigma-Aldrich Co. in .St Louis, MO, USA. The 
remaining lab-grade chemicals were used as 
they came.  Analytical grade reagents have been 
used from the same company to satisfy the 
remaining requirements.  

2.2. Preparation and Ultrasonication of 
NiNPs 

Different doses of NiNPs were prepared in 
normal saline, specifically at 5, 20, and 100 
mg/kg/bw. Using an ultrasonic homogenizer 
(model 150VT, manufactured by biologica, Ink, 
Manassas, Virginia, USA), NiNPs were sonicated 
for 30 seconds to obtain a suspension in normal 
saline (10mg/mL). The NiNPs were vibrated for 2 
minutes before the injection (Tripathi et al., 
2015). 

2.3. Experimental animals 

Prior to the experiments, male Wistar rats 
(weighing about 200-220g) were acclimated for 
one week. The rats were given water freely and 
fed commercial pellet feed. The rats were 
procured from Iraq's Duhok University, College of 
Medicine's animal house. Stainless steel mesh 
cages were used to house the animals, allowing 
them to freely access pellets and tap water. With 
an average relative humidity of 35% and an 
average temperature of 21°C±2°C, the rats were 
kept in the housing room. 
To randomly divide twenty healthy mature male 
rats, four groups were formed with five rats each. 
Normal saline was injected into the control group 
rats, whereas groups 2, 3, and 4 were given 
ultrasonicated NiNPs suspensions at doses of 5, 
20, and 100 mg/kg/bw, respectively. Over a 
period of four weeks, injections were 
administered to all groups on a five-day-a-week 
basis. After the final injection, the rats were 
euthanized, and their lung was collected for 
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histological, biochemical, and 
Immunohistochemical studies. All trials were 
conducted according to approved protocols by 
the animal care ethical committee at Salahaddin 
University's College of Science in Erbil, Iraq. 

2.4. Biochemical assays 

A portable glass homogenizer was used to 
homogenize the lung parts of each rat in 20 mM 
phosphate buffer (pH = 7.4) after they were 
cleaned with ice-cold normal saline solution. 
Using Beckman J2-21, the homogenates were 
subjected to a 10-minute centrifugation at 4,000 
g and 4°C. The gathered supernatants were kept 
at -80˚C until they were ready for analysis. 
Spectrophotometric analysis was used to 
determine the level of malondialdehyde (MDA) in 
liver homogenate using thiobarbituric acid (TBA) 
solution. In summary; 150μl supernatant was 
combined with the following: 1ml of 17.5% 
trichloroacetic acid (TCA), 1ml of 0.66% TBA, 
mixed thoroughly by vortexing, heated in boiling 
water for 15 minutes, and then cooled. Following 
the addition of 1 ml of 70% TCA, the mixture was 
left to stand for 20 minutes at room temperature. 
Following that, it was centrifuged at 2000 rpm for 
15 minutes, and the spectrophotometric analysis 
was performed on the resulting supernatant 
(Chowdhury et al., 2013). 
Commercial assay kits from Elabscience 
Biotechnology were used to measure the levels 
and activities of anti-oxidative enzymes (SOD, 
GPX, GSH, and CAT). 

2.5. Histopathological analysis  

The lung sections were soaked in 10% buffered 
formaldehyde for 24 hours. Subsequently, they 
were dehydrated using ethanol at progressively 
higher concentrations (50%, 70%, 95%, and 
100%). Finally, they were submerged in xylene, 
infiltrated, and embedded in paraffin wax. Using 
a rotary microtome (Bright, MIC), slices five 
micrometers thick were obtained, and 
hematoxylin and eosin (H&E) was used to stain 
them (Kiernan, 2015). 

2.6. Immunohistochemical Analysis 

The detection of p53 was performed using 
immunohistochemical kits manufactured by Leica 
Biosystems Newcastle Ltd., in conjunction with 

an automated immunostainer (AutostainerLink48 
DAKO, Agilent). 

2.7. Dynamic Light Scattering (DLS):  

Karolinska Institute in Sweden utilized DLS to 
measure the size of the NiNPs.  

2.8. Scanning Electron Microscopy (SEM) 
preparation 

The SEM stub was used to mount and dry the 
NiNPs suspension for morphology examination, 
followed by platinum metal coating. SEM (SEI 
450, Soran University, Kurdistan region, Iraq) 
was used to examine the resulting sample 
(Magaye et al., 2014b). 
2.9. Ultrathin and Semithin Sections 
Preparation  
The fixation process for lung samples (≤ 1mm3) 
during the preparation of plastic semithin 
sections involved immersing them in 2.5% 
glutaraldehyde in 0.1M cacodylate buffer pH 7.2 - 
7.4 for 24 hours. The samples underwent 
washing in a 0.1M cacodylate buffer after 
fixation, then were postfixed in 1% osmium 
tetroxide, dehydrated with varying concentrations 
of ethanol (50%, 70%, 95%, and 100%), and 
finally cleared with propylene oxide. To examine 
the plastic blocks under light microscopy, they 
were sliced into semithin sections (0.5µm) using 
an ultramicrotome (Riechert Co.) and stained 
with 1% toluidine blue in 1% borax.  The lung's 
ultrathin sections were captured using the JEOL 
JEM 1400 TEM (Janecek and Kral, 2016). 
4. Statistical analysis 
The statistical analysis was performed using 
SPSS version 22, a commonly used program. 
The data is reported as means ± standard error 
(M ± SE). A one-way analysis of variance 
(ANOVA) was used to test the significance of a 
treatment effect, and group comparisons were 
made using Duncan's multiple range comparison 
tests. Significance was attributed to p-values 
below 0.05. 
5. Results 
The current investigation trialed the effect of 
different NiNP doses (0, 5, 20 and 100mg/kg) on 
male rat lungs. The shape and size as revealed 
by SEM and DLS of the NiNPs is shown in Figure 
1.  The size of 20nm was very close to that 
declared by the manufacturer. This finding is 
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supported by other investigators (Bai et al., 2010, 
Sharma et al., 2009, Ahamed et al., 2010).  
 The presence of nanoparticles leads to elevated 
intracellular Reactive oxygen species' (ROS) 
levels, resulting in membrane lipid peroxidation 
(LPO) (Oberdörster et al., 2007). Our 
examination of the membrane LPO in response 
to Ni NPs aimed to enhance our understanding 
of oxidative stress processes. The level of MDA 
increased significantly after the NP administration 
and with increasing dosage of Ni NPs in 
comparison to the control, as shown in Figure 2. 
In a dose-dependent manner, the lung 
experienced a decrease in antioxidant enzymes 
superoxide dismutase (SOD), glutathione 
peroxidase (GPX), glutathione (GSH), and 
catalase (CAT).  
Histologically, lung sections of rats in the control 
group showed a normal appearance of the lung, 
especially the air sac capacity (figure 2). In 
groups treated with NiNPs for 28 days, the lung 
sections demonstrated histopathological lesions 
such as enlargement of some air spaces, and 
aggregation of infiltrated lymphocytes in a dose-
dependent pattern (Figure 3B-D) in which the 

highest dose (100mg/kg) has led to congestion 
and hemorrhage of air spaces (Fig. 3D). The 
plastic semi-thin sections revealed thickening of 
the interalveolar septa more clearly (Figure 4).  
The data revealed that apoptosis, identified by 
p53-positive cells, was the predominant form of 
cell death. This mechanism of cell death was 
strongly induced at the lowest dose (5mg/kg) and 
declined in intensity dose-dependently. It has 
been discovered that modalities of cell death 
upon exposure to NiNPs, whether apoptosis or 
necrosis, are related to the amount of the dose 
given to the animal; smaller doses promote 
apoptosis, whereas higher doses produce 
necrosis (Ahamed, 2011). Such differences were 
found to be linked with the arresting mechanism 
of cell cycle (Levine and Oren, 2009) by p53, 
which is able to induce senescence and initiate 
apoptosis (Taylor and Stark, 2001). 

The ultrastructural investigation showed 
mitochondrial damage as a response to NiNPs 
treatment (Fig. 6).  
 

 

Figure 1:  NiNPs shape and size as revealed by A) Scanning electron microscopy, B) Dynamic light 
scattering. 
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Figure 2: Evaluation of SOD (A), MDA (B), GSH (C), GPX (D) and CAT (E) after administration of 
different doses of  NiNPs (0, 5, 20 and 100mg/Kg) in rat lung homogenate.  Each value is a mean of 5 
rats ±SE; a,b,c values are not sharing superscripts letters (a, b, c) differ significantly at𝑃 ≤ 0.05. * is 

significant at 𝑃 ≤ 0.05 
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Figure 3: Sections through the lung of different doses (0.5,20 and 100mg/Kg) of NiNPs treated rats 
showing dose dependent toxic effect through the density of inflammatory infiltrated leucocytes 
aggregations (IF) within lung tissues, hemorrhage (H) and the dilatation in the lumen of air sacs and 
respiratory spaces, some shows emphysema (E): (A) control group (100X), (B) 5mg/Kg (400X), (C) 
20mg/Kg (400X) and (D) 100mg/Kg (400X). 

 

Figure 4: Plastic sections through the lung of different doses (0,5,20 and 100mg/Kg) of NiNPs treated 
rats. (A) Control group with normal air sacs and interalveolar septa (arrow), (B) 5mg/kg NiNPs treated 
group with dilated air sac (S) and thickened interalveolar septa (arrow), (C)20mg/kg treated rat lung 
with more air sacs dilation, hemorrhage and inflammation (arrow), (D) 100mglkg treated group 
appeared with high air sacs dilation, inflammation and hemorrhage (arrow), All mag=1000X.  
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Figure 5: Immunhistochemical images of the lung of rats exposed to different doses (0,5,20 and 
100mg/Kg) of NiNPs showing dose dependent positive reaction of p53 in the NiNPs treated groups 
compared to the negative reaction of the control (being the more reaction in the lower dose)., (A) 
Control group, B-D) NiNPs treated group. All mag = 400X 

 
Figure 6: Electronmicrographs of rat lung showing the effect of NiNPs doses on the ultrastructure of 
the cells. A) Control group showing healthy mitochondria (M), B) Damage of mitochondria in the dose 
(20mg/Kg), M: healthy mitochondria, arrows: damaged mitochondria, N; nucleus. 
 

6. Discussion 
Over time, Ni has been incorporated into a 
diverse range of consumer and commercial 
items, ranging from guitar strings and magnets to 

coins, stainless steel, and rechargeable batteries 
(Chen et al., 2003, Kasprzak et al., 2003, 
M’Bemba-Meka et al., 2005). NiO NPs are known 
to cause various acute and chronic inflammatory 
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responses in the lung. One of the acute 
inflammatory responses of NiO NPs in the lung is 
neutrophilic inflammation. Previous animal 
studies reported acute neutrophilic or 
eosinophilic pulmonary inflammation with the 
instillation of NiO NPs in the lung. NiO NPs 
induced persistent inflammation as well as 
increased the secretion of the proinflammatory 
cytokines such as IL-1β and MCP-1 and tissue 
infiltration of macrophages and neutrophils 
(Sager et al., 2016). A neutrophilic inflammatory 
response of nanoparticles was associated with 
surface reactivity, such as ROS generation. 
Nanoparticle-mediated ROS generation is known 
as one of the main mechanisms related to 
inflammation in the lung (Jeong et al., 2016, Han 
et al., 2012). Nonetheless, noteworthy research 
has demonstrated the harmful consequences of 
nano-scale Ni and Ni-compounds on the 
environment and human well-being. (Kasprzak et 
al., 2003, Hao et al., 2006, Duman and Ozturk, 
2010). 
The physicochemical properties of Ni, as well as 
other materials, change when it is transformed 
from normal scale to nano-scale. The high 
surface area to volume ratio of NPs leads to their 
distinct physicochemical features. The presence 
of a greater number of surface atoms in 
comparison to bulk particles contributes to their 
heightened reactivity. With their improved 
properties, Ni-NPs are now being employed in 
catalysts, sensors, and electronics, as noted by 
(Zhang et al., 2003) and (Sivulka, 2005). Despite 
their extensive use in various industries, there is 
a significant dearth of information on the toxicity 
of Ni-NPs. 
 (Horie et al., 2016) and (Yu et al., 2018) found 
that NPs can cause oxidative stress by 
increasing reactive oxygen species (ROS) and 
reducing antioxidant enzyme activity. Earlier 
studies, however, used various methods of 
exposure, with none using intraperitoneal 
injection. The exceptional reactivity of NPs' 
specialized surface areas can facilitate the 
generation of ROS. According to (Fard et al., 
2015), NPs have the ability to destroy both 
human and animal cells. 
Researchers observed that nanoparticles caused 
lymphocytic infiltration in the lung and thickening 

of the alveolar septae (Gillespie et al., 2010), 
(Cho et al., 2012), and (Magaye et al., 2014a) 
have also Cytokine secretion as a result of NiNP 
exposure is responsible for the development of 
pulmonary inflammation (Cao et al., 2016). 
Neutrophils were found to be the primary 
mediators of inflammatory infiltration induced by 
NiONP, according to the results. Moreover, (Cao 
et al., 2016) identified alveolar wall thickening 
following NiONP exposure. 
However, certain studies suggest that exposure 
to NiONP causes only temporary, mild 
inflammation (Morimoto et al., 2011). The erratic 
results observed in these investigations could 
possibly be clarified by considering the utilization 
of different cell types, animal models, exposure 
doses, dispersion statuses, and exposure 
periods (Sager et al., 2016). 
The latest data shows that apoptosis, identified 
by p53-positive cells, was the predominant form 
of cell death. This mechanism of cell death was 
strongly induced at the lowest dose (5mg/kg) and 
declined in intensity dose-dependently. It has 
been discovered that modalities of cell death 
upon exposure to NiNPs, whether apoptosis or 
necrosis, are related to the amount of the dose 
given to the animal; smaller doses promote 
apoptosis, whereas higher doses produce 
necrosis (Ahamed, 2011). Such differences were 
found to be linked with the arresting mechanism 
of the cell cycle (Levine and Oren, 2009) by p53, 
p53 protects mammals from neoplasia by 
inducing apoptosis, DNA repair and cell cycle 
arrest in response to a variety of stresses. p53-
dependent arrest of cells in the G1 phase of the 
cell cycle is an important component of the 
cellular response to stress which is able to 
induce senescence and initiate apoptosis (Taylor 
and Stark, 2001). 
The correlation between mitochondria and the 
development of oxidative stress could perhaps 
account for the observed increase in MDA in the 
group receiving NiNPs. Mitochondria produce an 
excess of reactive oxygen species (ROS) when 
conditions are pathological. If these ROS are not 
entirely eliminated, they cause oxidative stress, 
which oxidizes proteins, membranes, DNA, and 
cellular lipids, impairing normal physiological 
processes and finalizing in cell death (Moris et 
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al., 2017). Recently, ZnO nanoparticles were 
found able to induce the release of cytochorme c, 
decrease the intracellular ATP level, collapse the 
mitochondrial membrane potential, elevate the 
ROS level, inhibit total antioxidant enzyme 
activities and increase the Bax and Caspase 3 
levels, whereas it decrease the Bcl-2 expression, 
leading to cell death (Wang et al., 2018). 
7. Conclusions 
This study highlights the detrimental impact of 
NiNPs on lung health, as evidenced by the 
observed biochemical, histopathological, 
immunohistochemical, and ultrastructural 
changes in the rat lungs. The induction of 
oxidative stress appears to play a crucial role in 
mediating these effects. Further research is 
needed to fully understand the long-term 
consequences of exposure to Ni-NPs and 
develop effective strategies to mitigate their 
adverse health effects. 
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Novelty statement  
With current advances in the industry, and the 
use of nickel nanoparticles, worries about their 
serious impacts on the respiratory system, 
especially the lungs are rising. However, many 
previous studies have encompassed this field, 
but the present study has focused on many 
aspects of adverse the effects of this material on 
pulmonary tissues. The facets embraced 
biochemical and enzymatic determinations, 
histopathological changes, immunological and 
inflammatory responses, and ultrastructural 
alterations. Hence, and based on my knowledge, 
it may be a novel study in this field.       
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