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ABSTRACT
BACKGROUND AND OBJECTIVE: Nickel and its compounds are considered as carcinogenic agents. Considering
the application of nickel and nickel nanoparticles in medicine, pharmaceutical industries, food, and cosmetics, it is
important to study the destructive effects and toxicity of these nanoparticles on living organisms. The aim of this study
was to investigate the toxicity of nickel nanoparticles compared with nickel chloride on biochemical and hematological
parameters in rats.
METHODS: In this experimental study, 48 adult male rats were divided into 6 experimental groups and one control
group and one sham group (n=6). The control group did not receive any treatment. The sham group received
physiologic serum and the treatment groups received nickel and nickel chloride nanoparticles at concentrations of 5, 15
and 25 mg/kg intraperitoneally. One week after injection, blood samples were collected from the heart. Biochemical
and hematological parameters were measured and compared for all groups.
FINDINGS: The results showed that the level of albumin in the nickel and nickel chloride nanoparticle group at
concentration of 25 mg/kg decreased compared to the control (2.91+0.09 to 3.25+0.33, p=0.015) and (2.95+0.13 to
3.25+0.33, p=0.04), while the level of blood urea increased significantly (90.33+13.95 to 43.33+11.94, p<0.001) and
(69.50+12.28 to 43.33+11.94, p=0.019). Creatinine and white blood cell count at 25 mg/kg concentration of nickel
chloride showed a significant increase compared to the control (0.66+0.05 to 0.53+0.05, p=0.05) and (9.10+0.62 to
4.43+0.66, p=0.05).
CONCLUSION: The results of the study showed that nickel and nickel chloride nanoparticles stimulate the immune
system, increase the number of white blood cells and change the biochemical parameters of the blood, which confirms
the toxicity of the nickel nanoparticle.
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Introduction

Nanotechnology utilizes the physical, chemical
and biological properties of materials in sizes less than
100 nm in various sciences and industries (1). In recent
years, nanotechnology has progressed rapidly in many
branches of science. Nanoparticles are the basic
elements in the framework of nanotechnology (2).
These particles are used in a variety of applications
because of the unique physical and chemical properties
such as high surface-to-volume ratio and high quantum
effects, solubility and mobility levels (3). The growing
use of synthetic nanoparticles in human societies will
undoubtedly lead to the release of such materials into a
variety of environments and ecosystems. However,
little research has been conducted on environmental
behavior, the degree of release in various environments
and its risk factors, and the safety of this compound for
humans remains uncertain.

Nickel is a metallic and hard, malleable, white-
silver element that is represented by the scientific
symbol of Ni. Factories and burning waste are two
main factors in the production of nickel and its entry
into the air. Nickel chloride and nickel nanoparticles
are used in medicine, pharmaceuticals, food, cosmetics
and engineering. Therefore, it is important to know
their toxicity in the body. Typical uses of nickel
include the hydrogenation of vegetable oils, the
production of heat-resistant dishes, the production of
coins, the production of pharmaceutical compositions
in pharmacy as carrier capacity for treatment and
penetration of cellular barriers to drug delivery (4).
According to the categorization of national toxicology
of the United States, nickel and its compounds are
considered to be carcinogenic and categorized by the
International Agency for Research on Cancer (IARC)
for nickel in Group 1 (4).

The digestive absorption of this metal is slow, but
the inhalation of nickel fumes absorbs it. Most of its
accumulation occurs in the lungs and brain and is
excreted through the kidneys and bile. Nickel
compounds pass through the pair and have teratogenic
effects (5). Inhalation of nickel fumes causes nasal,
larynx, lung, stomach and kidney cancer (6). Like most
metals, nickel toxicity depends on the exposure
pathway and the solubility of nickel compounds. The
mechanism of the nickel is through the formation of
non-reverse connections with vital macromolecules
such as albumin, alpha2-macroglobulin, and L-
histidine, which is why they interfere with the
biological activity of the cells. The low molecular
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weight of the nickel complex and L-histidine makes it
easy to pass through a biological membrane. Nickel is
absorbed from the rhodium-gastric duct in the form of
a lipophilic molecule of low molecular weight (7, 8).
The molecular mechanism of the toxicity of
nanoparticles is still not fully understood, but research
has shown that active oxygen species play an
important role in the toxicity of nanoparticles.
Increasing the physico-chemical parameters of
nanomaterials such as size, shape, structure and
components of the nanomaterial has led to a complex
and challenging study of the effects of cytotoxic
nanomaterials (9).

Some of the paradigms for nanoparticle-induced
toxicity include oxidative stress, inflammation, genetic
damage, cell division and cell death (10-12). Active
oxygen species are involved in cellular signaling and
immune systems. By changing the surface of the
reactive oxygen species (ROS), nanoparticles cause
DNA damage, changes in the gene transcription
process, changes in cytokines and damage to protein
and fat, and can cause adverse effects in the cell (13).
Inflammatory cells such as neutrophils and
macrophages with nanoparticle phagocytosis produce a
high level of ROS through the NADPH-oxidase
enzyme system. Thus, nanoparticle-induced ROS
cause an inflammatory cascade of chemokine and
cytokine expression through the activity of cell
signaling pathways such as MAPK, NF-kB, AKT, and
RTK (15, 14).

Nanoparticles can be absorbed through the
intestines and they are distributed in various tissues
such as the brain, heart, liver, kidney and etc. and
affect these organs. Nanoparticles can penetrate the
depths of the tissues and can reach the lymph system
and increase inflammatory responses (16). The
cytotoxic information of nickel compounds, such as
changes in the blood system and serum biochemical
parameters, is less known at different intervals. The
aim of this study was to investigate the toxicity of
nickel nanoparticles in comparison with nickel
chloride on blood cells and investigate the biochemical
parameters of rat serum via intraperitoneal injection.

Methods

In this experimental study, 48 male Wistar rats
aged 12-14 weeks and weighing 170-220 g were
purchased from the Pasteur Institute of Amol. Rats
were kept in the animal room of University of
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Mazandaran under standard conditions, temperature of
23+2 ° C and humidity of 60+£10% in 12 hours of light
and 12 hours of darkness, and water and food were
always available to them in the form of pellets. The
experiments were conducted in all groups under the
same conditions and in accordance with the ethics of
working with laboratory animals at University of
Mazandaran and with the Code of Ethics UMZ.REC.
396001. For this study, the nickel nanoparticle was
purchased from Sigma-Aldrich and nickel chloride was
purchased from the Merck Co. (Germany), and their
specifications are shown in Table 1.

In this experimental study, 48 adult male rats were
randomly divided into 8 groups of 6, including a
control group, a sham group and 6 experimental
groups. Daily injectable compounds were prepared and
in each stage before injection, were dissolved in
physiologic serum for 15 minutes. One milliliter of
each concentration was injected intraperitoneally for
one week using an insulin syringe. The mice in the
sham group were injected with one ml of 0.9%
physiological serum daily.

The six experimental groups received nickel
chloride and nickel nanoparticles at concentrations of
5, 15 and 25 mg / kg. After the last injection, with
fasting conditions, blood sampling was performed
under deep anesthesia. First, the rat was anesthetized
with chloroform, the animal was fixed and blood
collection from the heart was performed using a 5cc
syringe. The blood sample was then centrifuged for
about 15 minutes at 3000 rpm to separate the serum
from the clot. Serum samples were collected until the
biochemical parameters were measured at -20 °C. To
measure the albumin, uric acid, total protein, urea,
creatinine and CRP, a fully-automatic alpha-classic
autoanalizer was utilized using Pars Azmoon Kkits on
serum samples. Trucal U was used to calibrate and
Trucal P was used to control the parameters. To
measure total protein in serum, photometric method
and enzymatic kit of biochemical CO. (Pars Azmoon
Co.) were used. This test is based on calorimetry. In

Product Percentage

Manufacturer .
code of purity

Sigma-Aldrich 577995 99% Black
Merck Co.
106717 99% Green
(Germany)

129.59g/mol Crystalline  92.1g/cm®

this experiment, the protein in the alkali environment
with copper ions forms an azure complex. The color
intensity is proportional to the protein content of the
sample. Serum albumin was measured by photometric
method and biochemical CO (Pars Azmoon). In this
experiment, the aloumin contained in the serum creates
a green-blue colored complex with the bromocresol
green in acidic pH. The intensity of the color is
proportional to the amount of albumin in the sample.
For diagnosis of urea in serum, photometric method
and biochemical CO. (Pars Azmoon) were used. In this
test, urea is hydrolyzed in the presence of urease and
converted to ammonia and carbon dioxide.

Ammonia produced with 2-oxoglutarate and
NADH react in the presence of glutamate-
dehydrogenase and produce NAD and glutamate.
Reduced adsorption of solutions is due to a decrease in
the concentration of NADH per time unit relative to
the urea concentration. The concentration of urea was
reported in mg / dl. Quantitative detection of uric acid
in serum was done by photometric method and
biochemical CO. (Pars Azmoon). This assay was based
on the enzyme and calorimetry using the Toos method
(17). To detect creatinine in serum quantitatively,
photometric method and biochemical CO. (Pars
Azmoon) were used. In this experiment, creatinine
formed a colored complex with alkaline picrate. The
intensity of the color is proportional to the amount of
creatinine in the sample. Creatinine concentration was
reported in mg/dl. In this test, to detect quantitative
CRP in the serum, anti-CRP-sensitive latex particles
are agglutinated when adjacent to the sample
containing CRP. The agglutination of Latex particles
causes a change in optical absorption, which is
measured by the amount of CRP present in the test
sample, while comparing its optical absorption by the
optical ~absorption of CRP calibrator. CRP
concentration was reported in mg / dl. The
measurement of all parameters was done by the
International Federation of Clinical Institute (IFCC),
using the COBAS MIRA autoanalyzer (18).

Table 1. Specifications of Nickel Nanoparticle and Nickel Chloride
Molecular
Weight
58.69 g/mol Spherical 8.9 g/cm?

Appearance Density Type of Material

Nickel nanoparticle
Nickel Hexahydrate
Chloride
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Blood cell count: To conduct a complete cell counting
test, the blood sample taken in a CBC vial containing
EDTA anticoagulant was placed on a hematologic
roller mixer for 29 minutes to mix and homogenize the
sample, then the samples were transferred to the cell
counter (Sismex) and blood cells, hemoglobin,
hematocrit, and MCV levels were measured.
Statistical analysis method: After data collection,
SPSS and One Way ANOVA were used for statistical
analysis and Tukey test was used to compare the
means. P<0.05 was considered significant.

Results

The results of the effect of different concentrations
of nickel and nickel nanoparticles on blood
biochemical parameters: Serum samples were used
to measure biochemical parameters. Investigating the
blood biochemical parameters, the results of this study
showed significant changes in urea, uric acid and
albumin. Statistical analysis of the groups showed
significant changes in the amount of albumin (p =
0.001). The amount of albumin in the nickel chloride
group was 25 mg/kg (2.91+0.09, p=0.015) and nickel
nanoparticle at a concentration of 25 mg/kg
(2.95+0.13, p=0.04) showed a significant decrease
compared to control (3.25+0.33) (Table 2). The
amount of albumin in the nickel nanoparticle group at
a concentration of 5 mg/kg (p=0.053), nickel
nanoparticle at a concentration of 15 mg/kg (p=0.003)
and nickel nanoparticle at a concentration of 25 mg/kg
(p=0.009) showed a significant difference compared to
sham group. There was no significant difference in the
amount of albumin among the rest of the experimental
groups. Statistical analysis showed a significant
increase in creatinine concentration in the studied
groups (p=0.023). Creatinine showed a significant
increase in the nickel chloride group at a concentration
of 25 mg/kg (0.66+0.05) compared to control
(0.53+0.05) (p=0.05).

There was no significant difference between the
sham and other groups and also between the groups
(Table 2). The results showed that blood urea
significantly increased in treated groups (p<0.001).
Blood urea showed significant increase compared to
control in 5 mg/kg nickel chloride group (70.50+£10.52
vs. 43.33+11.94, p=0.013) in 25 mg/kg nickel chloride
group (90.33+£13.95 vs. 43.33+11.94, p<0.001), and in
25 mg/kg nickel nanoparticle group (69.50+£12.28 vs.
43.33+11.94, p=0.019) (Table 2). In addition, there
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was a significant difference between the sham group
and 25 mg/kg nickel chloride group (90.33£13.95 vs.
56.2+11.18, p=0.002). 5 mg/kg nickel chloride group
showed a significant difference with 5 mg/kg nickel
nanoparticle group (p=0.03) and 15 mg/kg nickel
nanoparticle group (p=0.027). 25 mg/kg nickel
chloride group showed a significant difference with 5
mg/kg nickel nanoparticle (p<0.001) and 15 mg/kg
nickel nanoparticle group (p<0.001).

Significant differences were observed between 15

mg/kg nickel chloride group and 25 mg/kg nickel
chloride group (p=0.018). There was a significant
difference between 15 mg/kg nickel nanoparticle group
and 25 mg/kg nickel nanoparticle group (p=0.038).
Statistical analysis showed a significant decrease in
uric acid in the study groups (p<0.001). Uric acid in
the control group showed a significant difference with
all study groups except sham group (p<0.001) (Table
2). In addition, there was a significant difference
between the sham and the rest of the groups (p<0.001).
There was no significant difference between the
control group and sham group, as well as among the
other groups. CRP increased in the studied groups, but
this difference was not significant compared to control.
The results showed that total protein decreased in the
studied groups, but this decrease was not significant
compared to control (Table 2).
The results regarding the effect of different
concentrations of nickel nanoparticle and nickel
chloride on blood cells: CBC samples were collected
from rats after blood sampling, and a full-automatic
Sysmex device was used for counting blood cells and
hemoglobin and hematocrit values and measuring
MCV. The results of this study showed that the
number of white blood cells in the studied groups
increased significantly (p<0.027). The number of white
blood cells in the 25 mg/kg nickel chloride group
(9.10+£0.62) showed a significant increase in
comparison with the control (4.43+0.66) (p=0.05)
(Table 2). The rest of the groups did not show any
significant difference compared to each other and also
to the sham group.

The changes in the number of red blood cells in the
studied groups was significant (p<0.05). There was no
significant difference between the number of red blood
cells in treated groups and different concentrations of
nickel chloride and nickel nanoparticle compared to
control and sham. The number of red blood cells in the
25 mg/kg nickel chloride group decreased compared to
control, but this difference was not significant.
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Significant difference was only observed between 25
mg/kg nickel chloride (6.46+0.40) and 15 mg/kg nickel
chloride at p<0.017. The number of platelets in the
studied groups did not change significantly. The results
of this study showed that the hemoglobin levels in the
studied groups changed significantly (p=0.01). The
level of hemoglobin in treated groups with different
concentrations of nickel chloride and nickel
nanoparticles was not significantly different from the
control. However, the level of hemoglobin showed
significant change in the 15 mg/kg nickel chloride

group (15.6£1.04) in comparison with the 15 mg/kg
nickel chloride group (13.03+1.03, p=0.003) and 5
mg/kg nickel nanoparticle group (13.8+0.30, p=0.034)
(Table 3). The percentage of hematocrit in the studied
groups did not change significantly (p=0.096).
Statistical analysis showed that the mean level of red
blood cell in the studied groups changed significantly
(p=0.018). The mean level of red blood cells in the
treated groups with nickel nanoparticles decreased
compared with the control group, but did not show
significant difference (Table 3).

[ DOR: 20.1001.1.15614107.1396.19.11.8.9]

Table 2. Biochemical parameters of blood after intraperitoneal injection of different concentrations of nickel
chloride and nickel nanoparticle in rats
Parameters  Albumin(g/dl) Total Protein(g/dl) Creatinine (mg/dl)  Urea (mg/dl)  Uric acid(mg/dl) CRP(mg/dl)

Groups MeanzSD MeanzSD MeanzSD MeanzSD Mean+SD Mean+SD
Control 3.25+0.33 6.46+0.23 0.53+0.05 43.33£11.94 6.6+£1.4 0.101+0.08
Sham 3.32+0.08 6.84+0.48 0.54+0.05 56.20+11.18 7.2+1.4 0.142+0.09
group 1 3.05+0.08 6.28+0.14 0.61+0.07 70.50£10.52* 3.4+0.58 *** 0.175+0.16
group 2 3.20+0.08 6.51+0.36 0.6+0.06 64.00+8.67 3.3+0.10 0.170£0.11
group 3 3.14+0.05 6.54+0.43 0.66+0.05 * 90.33+£13.95*** 3.4+0.30 *** 0.196+0.20
group 4 3.01+0.14 6.33+0.40 0.56+0.05 45.66%4.03 3.9+0.58 *** 0.125+0.13
group 5 2.91+0.09 6.15+0.36 0.56+0.08 45.33+10.34 3.7+0.65 *** 0.176+0.15
group 6 2.95+0.13 * 6.23+0.30 0.64+0.08 69.50+£12.28 * 3.9+0.57 *** 0.194+0.10

The findings are shown as meantstandard deviation (n=6). The sign of star indicates a significant level compared to control. * p<0.05, **p<0.01,
***n<0.001, Experimental groups 1, 2 and 3 were 5, 15 and 25 mg/kg nickel chloride concentrations, respectively, and experimental groups 4, 5 and
6, were 5, 15 and 25 mg/kg nickel nanoparticles, respectively.

Table 3. Evaluation of blood cells after intraperitoneal injection of different concentrations of nickel chloride
and nickel nanoparticle in rats

Parameters ~ WBC(10%/pl) RBC(10%/pl) PLT (10%/p1) Hb(g/dl) MCV(fL) HCT%
Groups Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD MeanxSD
Control 4.43+0.66 7.06+0.35 930.33+179 14.4+0.50 59.3+1.52 44.16+3.4
Sham 5.03+1.19 7.33+0.26 1040.17+118 14.6+0.35 61.00+1.1 44.53+2.50
group 1 8.76+1.96 7.20+0.24 906.67+116 14.5+0.50 58.00+1.1 42.00+1.73
group 2 7.56+2.33 8.06+0.99 879.60+371 15.6+1.04 59.6+1.51 45.25+1.89
group 3 9.10+0.62 * 6.46+0.40 937.67+57 13.03+1.00 59.6+0.57 39.66+3.21
group 4 8.15+1.78 7.05+0.28 925.00+108 13.8+0.30 57.7+0.5 41.00+1.41
group 5 7.35+1.97 7.16+0.47 908.32+59 14.4+0.80 57.6+0.57 41.66+2.88
group 6 7.70+1.59 7.20+0.30 926.33+100 14.2+0.99 57.3+2.33 41.66+2.51

The findings are presented as meanzstandard deviation (n=6). The sign of star indicate a significant level compared to control. *p<0.05, **p<0.01

RBC (red blood cells, millions per microliter), WBC (white blood cells, thousands per microliter), MCV (average volume of red blood cells,
femtoliter), Hb (hemoglobin, g / dl), PLT (platelet, thousand per microliter), HCT (hematocrit percentage). Experimental groups 1, 2 and 3 were 5,
15 and 25 mg / kg nickel chloride concentrations, respectively, and experimental groups 4, 5 and 6, were 5, 15 and 25 mg / kg nickel nanoparticles,

respectively.

Discussion

[ DOI: 10.18869/acadpub.jbums.19.11.58 |

The results of this study showed that intraperitoneal
injections of nickel chloride and nickel nanoparticles
in different concentrations have different effects on the
biochemical and hematological parameters of blood in
rats. To use paraclinics in the diagnosis of diseases, the

normal activity of the organs and tissues and the
normal values of the parameters in the serum must first
be carefully determined and measured to obtain
abnormal values, so that the evaluation of abnormal
activity of organs and tissues during illness would be
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possible. Therefore, measuring and obtaining normal
values of biochemical parameters is very important. In
this study, the level of albumin showed significant
changes, so there was a significant decrease in the
concentration of nickel chloride and nickel
nanoparticles compared to control.

Albumin is the major protein in the liver that
actually acts as an antioxidant and protects tissues and
cells from damage to free radicals. Albumin binds to
excreta products, toxins and harmful drugs that may
damage the body and disposes of them. In addition,
albumin is responsible for the transfer of many
vitamins, minerals and hormones in the blood. Serum
albumin concentration can also be directly affected by
renal glomerular damage (19). Several factors play a
role in reducing serum albumin, which can be due to
an impairment in the synthesis of albumin in liver
disease and catabolism enhancement in infections and
malignancies, which is associated with reduction in the
transmission capacity of associated compounds and
has a significant effect on the metabolism of drugs,
hormonal compounds and endogenous substances like
calcium and bilirubin.

A study by Magaye et al. showed that intravenous
injection of 1 mg / kg nickel nanoparticle into mice
increased albumin levels, but no significant changes
were found in concentrations of 2 and 4 mg / kg (20),
which is not consistent with our study. Measuring the
total protein ratio is a useful tool for detecting many
deficiencies. The normal level of total serum proteins
results in their synthesis and catabolism in the body.
Reduction of total serum protein is associated with a
moderate deficiency of globin and albumin, as well as
a decrease in total proteins in cases of decreased
albumin, which can be seen in severe liver disease
(which reduces the synthesis of proteins) and increases
catabolism. Reduction of the total protein concentration
due to incomplete protein synthesis in the liver,
inadequate intestinal absorption, and loss of protein
occur due to inadequate renal function (21, 22).

Our study showed that total serum proteins were
reduced in all studied groups, which is consistent with
the results of Magaye et al. (20). C-reactive protein is a
type of serum protein and is one of the most prominent
members of the acute phase protein group that is
increased by the inflammation caused by infections,
stress, injuries, necrosis and malignancy. One of the
tasks of this protein is to encourage the phagocytosis
of blood leukocytes against pathogens. Increased CRP
in infectious diseases and inflammation occurs along
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with red blood cell sedimentation and increased blood
leukocytes. The level of CRP in the body is low in
normal people, but it increases by several hundred
times during the inflammatory response in the body.
The study of Deng et al. showed that serum CRP levels
in different concentrations of nickel sulfate increased
compared to control, and these changes were
significant only at high concentrations (23).

Our study showed that serum CRP increased in
treatment with nickel nanoparticle and nickel chloride,
but this increase was not significant compared to
control. Uric acid is the final product of purine
catabolism in humans, which is caused by the xanthine
oxidase enzyme from intermediate metabolites such as
hypoxanthine and xanthine. In humans, uric acid is the
most abundant soluble antioxidant, which is
considered as a source of intracellular free radicals in
the conditions of oxidative stress (24).

After the decomposition of the proteins used in the
body cells, the liver produces ammonia, which
contains nitrogen. Most diseases that affect the liver
and kidneys potentially affect the level of blood urea
as well. If the level of urea increases in the blood due
to the activity of the liver, but the rate of its excretion
from the kidney decreases, blood urea concentration
increases. Creatinine is mainly made up of arginine,
glycine and methionine in the liver. Low levels of
creatinine are due to inadequate protein intake, liver
disease, and pregnancy. Any increase in its amount
occurs in renal problems (25).

The study of Sheydaei et al. showed that the effect
of zinc oxide nanoparticles on some renal factors in
experimental mice increased serum creatinine and urea
levels in the 80 mg / kg group, indicating a serious
damage to the kidney (26). The results of this study are
in line with our study. The results of this study showed
that the amount of blood urea nitrogen and creatinine
increased significantly compared to control. The
kidneys are responsible for cleaning up certain toxic
substances from the metabolism. Creatinine and blood
urea nitrogen test was also used to evaluate renal
function. Therefore, the results of this study indicate
that intraperitoneal injection of nickel nanoparticles
and nickel chloride affects kidney performance and
shows renal damage.

In the study of Naghsh et al., increase in white
blood cells and decrease in the number of red blood
cells after the effect of silver nanoparticles was
observed. The reason is high concentration, possible
lysis of red blood cells and potential stimulation of the


http://dx.doi.org/10.18869/acadpub.jbums.19.11.58
https://dor.isc.ac/dor/20.1001.1.15614107.1396.19.11.8.9

[ DOR: 20.1001.1.15614107.1396.19.11.8.9]

[ DOI: 10.18869/acadpub.jbums.19.11.58 |

64 An Evaluation of Biochemical and Hematological Parameters of Blood...; B. Seyedalipour, et al

cellular immune system (27). In the present study, with
intraperitoneal injection of different concentrations of
nickel chloride and nickel nanoparticles for one week,
the number of white blood cells at all concentrations of
nickel chloride and nickel nanoparticles increased
compared to control. No significant changes were
observed in the number of red blood cells in the study,
which was observed in the 25 mg / kg concentration of
nickel chloride compared to control, but it was not
significant. Intraperitoneal injection of nickel chloride
and nickel nanoparticles stimulated the immune system
and increased white blood cell production in rats.

White blood cells play an important role in
immunity. Various studies have shown that the
increase in white blood cell count can be due to the
high concentrations of nanoparticles, which, due to
more contact surface and the effect on cell membranes,
contribute to the mitochondrial transmission of white
blood cells and alter the activity of their enzymes (28).
It also reduces the antioxidant activity of the cell and
thus reduces the amount of white blood cells.
Ultimately, the body increases the amount of white
blood cells at high concentrations to compensate (29).
Therefore, the increase in the number of white blood
cells is a natural physiological reaction to
inflammation of foreign substances into the
bloodstream, and the decrease in the number of white
blood cells indicates excessive penetration of the
nanoparticle and infection. Free radicals produced by
nanoparticles cause inflammation of the red cells as a
result of hemolysis (30).

Reducing the number of red blood cells at high
concentrations may also be due to the effect of
nanoparticles on hematopoietic stem cells in bone
marrow (28). Research showed that nanoparticles
reduces the number of red blood cells and thus result in
anemia by diminishing the life span of red blood cells
or suppressing the activity of bone marrow stem cells
(30). Decreased hemoglobin, hematocrit, and blood
cell volume after exposure to various forms of nickel
have been observed (31) which is consistent with the
findings of our study in rats. Various studies have
shown that free radicals produced by nanoparticles can
cause inflammation of red cells as a result of

hemolysis (31, 32). In the present study, nickel
chloride and nickel nanoparticles reduced the number
of red blood cells, hematocrit, hemoglobin, and
average volume of red blood cells and platelets.
Rezaei-Zarchi et al. showed that the nanoparticles
reduced the platelet count by altering the integrin level
of platelets and phosphoprotein levels in the platelets
(33). These findings are consistent with the results of
the present study. Penetration of nanoparticles into
platelets and occupying vacuoles and granules prevent
the spread of hyaloplasm and reduce platelet
aggregation (34).

The body increases the production of white blood
cells in order to cope with low concentrations of
nanoparticles, but by weakening the body at high
concentrations, we are confronted with a decrease in
the white blood cell count. As a result, severe cell
deaths appear to decrease in number of cells.
Nanoparticles with high activity probably penetrate
into target tissues and increase inflammatory responses
to the lymph system.

The results showed that nickel chloride and nickel
nanoparticles at high concentrations had a higher toxic
effect on blood and serum parameters compared to low
concentrations. Reductions in parameters such as
hematocrit and red blood cells, hemoglobin, and
moderate red blood cells are a sign of anemia. This
study showed that intraperitoneal Injection of nickel
nanoparticles and nickel chloride stimulated cellular
immune system and increased the number of white
blood cells at all concentrations of the study compared
to control. In general, the results of this study confirm
the toxicity of nickel chloride and nickel nanoparticles,
and accuracy in the use of high concentrations of these
compounds in the field of health is necessary.
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