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ABSTRACT

The study aimed to determine the characteristics of nanoparticles, such as shape, size, aggregates,
absorption using appropriate equipment, and determine the effect of dosing with chitosan-titanium
nanoparticles on some physiological parameters of male rats exposed to acrylamide. We notice a
significant decrease in the total number of red blood cells, hemoglobin, the percentage of red blood
cells, the number of platelets, lymphocytes, and HDL in the group of rats exposed to acrylamide
compared with the healthy control group, as well as a significant increase in the values of white
blood cells, monocytes, cholesterol, triglycerides, and LDL. and VLDL compared with the control
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group. ((While we notice, when adding nanoparticles with acrylamide, a significant increase in the
total number of red blood cells, hemoglobin, the percentage of red blood cells, the number of
platelets, lymphocytes, and HDL. We also notice a decrease in the numbers of WBC, monocytes,
cholesterol, TG, LDL, and VLDL compared to the group exposed to acrylamide.)) While we notice
that when nanoparticles are added with acrylamide, there is a significant increase in the total
number of red blood cells, hemoglobin, the percentage of red blood cells, the number of platelets,
lymphocytes, and HDL, as they were 6.16, 12.00, 45.00, 640.00, 31.00, 37.15, respectively,
compared to the group. exposed to acrylamide, which were 4.73, 9.65, 38.50, 588.50, 25.60, 32.65,
respectively. We also note a decrease in the numbers of WBC, monocytes, cholesterol, TG, LDL,
and VLDL, as they were 6.10, 7.90, 158.75, 99.75, 101.65, and 19.95 compared to those exposed
to acrylamide. The group exposed to acrylamide, which was 7.67, 14.95, 197.60, 171.29, 130.68,

34.26, respectively.

Keywords: Chitosan-titanium nanopatrticles; acrylamide; physiological and histological parameters.

1. INTRODUCTION

Chitosan nanoparticles can be defined as natural
materials that have good physicochemical
properties, are antibacterial, have biological
activity, and are suitable for human use, making
them an environmentally friendly material [1].
The distinctive and unique properties of chitosan
nanoparticles have led to many applications in
different fields. Chitosan has the activity of
removing free radicals and masking metal ions,
due to the small size and low molecular weight of
the nanoparticles, which contribute to giving the
ability to nano-chitosan as an antioxidant (Divya
et al.,, 2017). The surface area and surface-to-
volume ratio increase, which in turn leads to
increased solubility, which increases the active
effect of chitosan in the body (bioavailability) [2].

Chitosan is soluble in dilute mineral and organic
acids, but precipitates at a pH above 6.0. It acts
as an ion exchange resin and must bind
hydrophobic ions, such as bile acids, at a low pH
level similar to that found in the intestine [3].
Chitosan nanoparticles, due to their biological
and mucoadhesive properties, can improve
mucosal  permeability, thereby enhancing
transport through the cellular pathway of
nanoparticles, and can induce structural
reorganization of proteins [4].

Titanium is a non-toxic material used in human
food, medicines, and food contact materials. It is
used as bleaching agents in various applications
such as paints, cosmetics, and food products. It
is one of the most widely used inorganic metal
oxides in environmental applications to remove
various pollutants from water and air [5]. Zang et
al. [6] incorporated titanium dioxide nanoparticles
into chitosan membranes and used it to package
red grapes and store them for six days. The

results showed exceptional performance in
protecting grapes from microbial attack and
prolonging the shelf life of red grapes, in addition
to eliminating microorganisms within 12 hours of
exposure time.

Acrylamide (H2C=CH-NH2) is one of the
compounds that are formed in foods rich in
starchy substances and that are exposed to high
heat treatments during manufacturing [7]. It is a
white, crystalline, odorless substance that is
formed in baked and fried foods as a result of
exposure to high heat treatments. It has been
found that It has a negative impact on human
health, as it is formed by heating at a
temperature above 120°C as a result of Maillard
reactions between the amino acid asparagine
with glucose or any other sugar. Acrylamide is
also found in high concentrations in many
foodstuffs, primarily French fries and potato
chips, followed by cereals, brittle bread, and
products. other baked goods [8]. Acrylamide is a
white, crystalline, odorless substance that is
formed in baked and fried foods as a result of
exposure to high heat treatments. It has been
found to have a negative effect on human health,
as it is formed by heating at a temperature above
120°C as a result of Maillard reactions between
the amino acid asparagine with glucose or any
other sugar [8]. (ACR) is a chemical formed in
cooked starchy foods such as potatoes and
bread. High Ilevels of acrylamide have
carcinogenic,  genotoxic,  neurotoxic  and
hepatotoxic effects on living organisms.

2. METHODOLOGY

Production of chitosan-titanium
nanoparticles: Chitosan-titanium nanoparticles
were prepared by adding 10 mg of titanium
nanoparticles (TioNPs) previously produced by a
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biosynthesis method using the Aspergillus niger
fungus to 1 g of chitosan powder and adding 10
ml of distilled water in an aluminum-coated glass
beaker while continuing to stir using a magnetic
stirrer at a temperature Low for 24 hours until the
color change is obtained, which is an initial
indicator of the formation of nanopatrticles.

Preparing and
samples:

examining nanoparticle

Preparing the sample for examination of the
absorption spectrum of visible and ultraviolet
rays Absorption UV-Visible Light
Spectroscopy: The sample was prepared for
examination by placing the nano solution in the
incubator for 72 hours at a temperature of 26-25
°C and in a dark envelope, after which 2 ml of
the nano solution was taken and shaken well to
homogenize the solution and examined with a
Visible UV Spectroscopy device [9].

Prepare the sample for examination with a
scanning electron microscope:

Scanning Electron Microscopy (SEM): The
sample was prepared for examination under the
microscope using a copper mesh covered with
carbon. A very small amount of the sample was
placed on this mesh and examined with a
scanning electron microscope to determine the
morphological composition of the produced
particles [10].

Preparation of laboratory animals: Adult male
Albino rats were obtained from the College of
Veterinary Medicine/University of Tikrit at 7-8
weeks of age. Their weights ranged between
125-160 grams. They were randomly distributed
into three groups with similar weights, with three
animals in each group. The rats were fed for 5
days on the basic diet on a regular basis using a
prepared diet according to [11]. The essential
groups and solutions of acrylamide and
nanoparticles were prepared as shown below:

- Control group Without treatment (T1).

- The acrylamide treated group: the solution
Prepared at a concentration of 40
mg/kg/day. : (T2)

- The group treated with acrylamide +
chitosan-titanium nanoparticles (T3):the
solution Prepared at a concentration of 500
mg/kg/day.

Blood analysis: After the end of the experiment,
the animals were starved for 10 hours after the

end of the experiment and anesthetized using
chloroform, then the rats were dissected from the
chest area and blood was drawn from the heart
into two tubes, the first containing the
anticoagulant EDTA to measure blood picture,
and the second devoid of it, containing 2-3 ml of
blood, which was centrifuged by using a
Centrifuge device at a speed of 3000 rpm for 15
minutes, then the serum was taken and
stored at a temperature of -20 °C until the
necessary analyzes were performed, according
to [12].

Then the infected animals in group T3 were
treated with chitosan-titanium nanoparticles at a
concentration of 500 mg/kg body weight for 28
days. After completing the experiment, the body
weights of the male rats used before the
experiment were measured to calculate the initial
weight, and the difference in weight was
extracted as in the following equation:

Weight gained (g) = final weight (g) - starting
weight (g).

Statistical analysis; The data were statistically
analyzed using the complete random design
(CRD) system in the experimental system within
the ready-made statistical program (SAS, 2012),
and the averages were chosen according to
Duncan's multiple range test [13] to determine
the significance of the differences between the
averages of the factors affecting the studied
characteristics at the level of (0.05).

3. RESULTS AND DISCUSSION

Absorption UV-Visible light spectroscopy:
The absorption peak Chitosan - titanium
nanoparticles (Ch-Tio NPs) was at a wavelength
of 200 nm for chitosan. The result was close to
what was found by Agarwal et al., [14] that the
wavelength of chitosan particles ranged between
201 - 216 nm, and it was 202 nm for titanium
nanoparticles when combined with chitosan
particles. This indicates the high ability of
titanium nanoparticles to bind with chitosan
particles and form a complex of chitosan and
titanium nanoparticles due to the electronically
excited titanium particles and because chitosan
contains primary and secondary hydroxyl groups
at the positions of the C-2 and C carbon atoms. -
6 and 3C, respectively, which enables it to form
hydrophobic hydrogen and ionic bonds with other
molecules. Also, the titanium nanoparticles are
positively charged and their electrons are
excited, so they combine with the negatively
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charged hydroxyl groups of chitosan and form
nanoparticles.

Scanning Electron Microscopy (SEM): The
results obtained from the scanning electron
microscope (SEM) as shown in Fig. (1) (A, B, C,
and D) and obtained at different magnification
powers showed the distribution of chitosan-
titanium nanoparticles in the form of granules
with a size range ranging between 33.74 - 34.34
nanometers, where these particles were
homogeneous. Distribution in non-contiguous
clusters. As shown in the micrograph of the
shapes (D), they were in the form of spherical
granules.

Effect of chitosan-titanium nanoparticles on
the weight of acrylamide-infected rats: Table
(1) shows the effect of oral administration of
chitosan-titanium nanoparticles to animals on the
weight of rats exposed to acrylamide for 28 days.
The results showed a significant decrease in
weight (P<0.05) in the weight gained for the
groups of rats treated with acrylamide T2

compared to the untreated control group T1,
which was 16.28-27.97 grams, respectively.
While a significant increase in weight was
observed at (P<0.05) in the group to which Ch-
TiO2 (T3) was added, which was 11.91 ¢
compared to the group of rats treated with
acrylamide T2.

The results agreed with the findings of Wang et
al. [15] that acrylamide has a bad effect on the
weight and growth of male rats because it has
harmful effects that cause a deficiency of body
protein. Abdul-Hamid et al., (2007) indicated that
low body weight is due to excessive breakdown
of proteins. The low weight of animals fed
acrylamide compounds may be linked to the
toxicity of these compounds, as they affect their
growth, and the effect of this toxic substance on
the effectiveness of digestive enzymes in the
intestines and lead to an imbalance in metabolic
processes, which in turn affects the endocrine
glands and causes an imbalance in the overall
body weight. [16].
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Fig. 1. SEM images of chitosan nanoparticles, Ch-TiO2-NPs, prepared from the filtrate of the
fungus A. niger, with different dimensions
A: Ch-NPs with an magnification of KX 15.0 and a size WD: 8.48 mm, B: Ch-NPs with an magnification of KX 30
and a size WD: 4.24 mm, C: Ch-NPs with an magnification of 50.0 KX and a size WD: 2.54 um, D: Ch particles -
NPs with magnification power of 100KX and size of 1.27 WD: ym.
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Table 1. Effect of chitosan-titanium nanoparticles on the weight of animals exposed to
acrylamide after 28 days

Features Average animal weights ()

Groups Primary Finally Gained weight
T1 0.89 £ 142.47 1.83 £ 170.45 0.93 £ 27.97a
T2 213 £147.79 2.06 + 131.50 0.06 + 16.28 -c
T3 2.93 + 143.19 2.47 £162.11 0.46 £ 18.19b

Increased secretion of thyroid hormone leads to
wasted energy and weight loss, while decreased
secretion of thyroid hormone leads to increased
energy and increased fat, thus increasing body
weight. While we notice that when rats infected
with acrylamide take chitosan-titanium
nanoparticles at a concentration of 500 mg/kg of
body weight, their weight increases and they
return to their normal state gradually, because
chitosan is an antioxidant agent [17], so it can
get rid of free radicals and metal ions by donating
hydrogen or One pair of electrons (Lin et al.,
2009).

The amino and hydroxyl functional groups of
chitosan react with metal ions leading to a
number of activities such as adsorption and ion
exchange (Onsosyen and Skaugrud, 1999). Yen
et al., [18] reported that chitosan showed strong
hydroxy! radical activity and its ability to chelate
iron.

Impact on blood picture: Table (2) shows the
effect of oral administration of Ch-TiO2 NPs on
the blood image parameters of male rats
exposed to acrylamide for 14 days. It was found
that there was a decrease in the total number of
red blood cells, hemoglobin, and the percentage
of red blood cells and platelets in the group
treated with acrylamide, as their values were
(4.73, 9.65, 38.50, and 588.50), respectively,
compared with the control group, whose values
were (6.66, 13.40, and 51.50). and 892.00)
respectively.

While there was an increase in the total number
of red blood cells, hemoglobin, and the
percentage of red blood cells and platelets in the
group treated with Ch-TiO2 NPs, as their values
were (6.16, 12, 45, and 640), respectively,
compared to the group treated with acrylamide
alone.

Exposure the body to acrylamide leads to the
occurrence of anemia due to a decrease in the
number of red blood cells and hemoglobin, as it

leads to a shortened life span due to an increase
in the rate of mechanical crushing of the cell
membranes, with inhibition of the sodium and
potassium ATP enzymes, which have an
important role in the formation of red blood cells,
and also affect It affects the metabolism of iron
through its action in inhibiting the enzyme ALA
dehydrogenase, which participates in the last
step of iron formation and is considered the basic
component of hemoglobin [19].

The reason for the low level of hemoglobin
concentration in acrylamide-fed treatments is due
to its association with albumins responsible for
manufacturing (Hb) in the blood and responsible
for the synthesis of red blood cells, and thus
affecting the ability to absorb iron in the intestine,
which is considered one of the main components
of hemoglobin [20].

The increase in red blood cells in rats which
given Ch-TiO2 NPs is due to its containing active
groups such as the positive charge that is due to
the presence of free amino groups attached to
the second carbon atom of the glucosamine
sugar, and it also contains two primary and
secondary hydroxyl groups in the carbon atom.
C-2, C-6, and C-3, which makes it easily soluble,
as it forms hydrophobic and hydrophobic
hydrogen and ionic bonds with other molecules,
so it contributes to it being a chelating agent.

Chitosan has biological and chemical properties
that create it have many applications in various
industrial and medical fields, as it acts to heal
bones and wounds, regulate blood cholesterol,
skin burns, contact lenses, surgical sutures, an
agent in blood clotting and reducing tumors [21].
Ali and Ahmed [22] pointed out the use of
chitosan as an anti-bacterial, anti-oxidant, anti-
inflammatory and improving blood clotting
properties, as a study showed an improvement in
blood clotting and enhancement of the rates of
other cell characteristics using chitosan/kaolin
nanoparticles (NPs), compared to traditional
dressings ( Elsabahy and Hamad, 2021).
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Table 2. Effect of oral administration of Ch-TiO2 NPs on erythrocyte parameters of rats
exposed to acrylamide after 28 days (means + standard error)

Features The value of blood picture
Hb RBCs Hematocrit (PCV) Platelets
Groups (g/dl) (x10%mm?) % (103/mm3)
T1 0.20 £ 12.40a 0.04 £ 6.66a 1.50 + 51.50a 4.00 + 892.00a
T2 0.05 £ 9.65¢c 0.05+4.73c 0.50 £ 38.50c 7.50 £ 588.50c
T3 0.20 + 12.00b 0.05 + 6.16b 1.00 + 45.00b 2.00 £ 640.00d

Table 3 shows the effect of chitosan-titanium
nanoparticles on male rats infected with
acrylamide on the total number of white blood
cells, monocytes, and lymphocytes of male rats.
The results showed a significant increase in the
number of white blood cells and monocytes
(7.67, 14.95) compared to the control
group (5.33, 6.85), respectively, when
acrylamide was added alone. There was also a
decrease in lymphocytes, which was 25.60%
compared to the control group, which was
38.55%.

While there was a significant decrease in the
number of white blood cells and monocytes and
an increase in lymphocytes in the group fed with
chitosan-titanium nanoparticles, reaching 6.10,
7.90, and 31 compared to the group treated with
acrylamide without treatment. The results agreed
with what was reported by Firouzabadi et al. [20].
Which showed that exposure to acrylamide led to
a significant increase in the number of white
blood cells compared to the healthy control
group, and the increase in the number of white
blood cells is due to the body’s defensive
function against foreign bodies that attack it and
the work to remove them, as white blood cells
are considered the body’s first line of defense
when exposed to external influences.

The results agreed with what was reported by
Chen et al. [23] that oral administration of dietary
nano-TiO2 at a concentration of 2.5 mg/kg body
weight/day for 7 days led to positive changes in
white blood cell parameters, red blood cells, and
other parameters in laboratory mice.

Effect of chitosan-titanium nanoparticles on
lipid profile parameters of male rats infected
with acrylamide: Table (4) shows the effect of
oral administration of Ch-TiO2 NPs to male rats
for 28 days on lipid profile parameters. We notice
a high concentration of cholesterol in the group
of rats infected with acrylamide (T2), which
reached 197 mg/dL compared to the healthy
control group (T1), which amounted to 135
mg/dL, while its concentration decreased in the
group treated with Ch-TiO2 (T3) NPs particles,
reaching 158. 75 mg/dL 99.75 mg/dL. The
concentration of triglycerides (TG) also increased
in the infected animal group (T2), reaching
171.29 mg/dL compared to its value in the
healthy animal group (T1), which amounted to
81.09 mg/dL, while its values decreased in the
T3 group, reaching 99.97 mg/dL compared to the
infected group (T2).

We notice a significant decrease in high-density
lipoproteins (HDL) in the infected group (T2),
reaching 32.65 mg/dL compared to their value in
animals of the healthy group (T1), which
amounted to 54.35 mg/dL, while their values
increased in the group of animals treated with
Ch-TiO2NPs. (T3) was 37.15 mg/dL.

While the concentration of low-density
lipoproteins (LDL) decreased in the T3 group of
treated animals, as it was 101.65 mg/dL,
compared to its concentration in the blood of the
infected animal group (T2), which was 130.68
mg/dL, which was higher than the concentration
of LDL in the healthy control group. (T1) which it
was reached to 65.12 mg/dL.

Table 3. Effect of oral administration of Ch-TiO2NPs on the numbers of white blood cells in rats
exposed to acrylamide after 28 days

Features The value of blood picture
WBCs lymphocytes WBCs
Groups (x103/mm3) % (x103/mm3)
T1 0.02 + 5.33c 1.05 £ 38.55a 0.02 + 5.33c
T2 0.03 £+ 7.67a 0.80 + 25.60c 0.03 +7.67a
T3 0.12 +6.10b 1.40 + 31.00b 0.12 +6.10b
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Table 4. Effect of chitosan-titanium nanoparticles on the lipid profile of rats after 28 days

Features The value of blood picture

Groups TG TC HDL LDL vLDL
T1 1.07 £81.09d 2.99+135.69d 0.75+54.35a 2.02 + 65.12f 0.21 +16.21d
T2 6.60£171.29a 0.30+197.60a 1.40+32.65d 0.21 +130.68a 1.32 + 34.26a
T3 0.95+99.75bc  2.55+158.75c 0.95+37.15¢c 1.79 + 101.65bcd 0.19 + 19.95bc

Also, the concentrations of very low-density
lipoproteins (VLDL) increased significantly in the
group of infected animals (T2), which was 34.26
mg/dL, compared to their concentration in the
healthy control group (T1) and were at 16.21
mg/dL, while their concentrations decreased in
the group of animals treated with Ch- TIO2NPs
(T3) was 19.35 mg/dL compared to its
concentration in the T2 group of animals.

One of the causes of high cholesterol in the body
is the increased activity of the enzyme
cholesterol acyl transferase, which is responsible
for the absorption of cholesterol, which is
stimulated when there is a lack of insulin due to
oxidative stress that affects pancreatic beta cells,
and thus the level of cholesterol absorption by
the intestine increases (Abdullah, 2010). The
increase in cholesterol, triglycerides, and LDL
upon oral administration of acrylamide leads to
impaired liver function [24], and the increase in
cholesterol concentration is also due to a
decrease in the activity of the hydroxysteroid
dehydrogenase enzyme and a change in the
process of steroid synthesis.lt also leads to a
rapid increase in the concentration of cholesterol
and triglycerides in blood serum by inhibiting the
enzyme non-specific esterase, pyrophosphatase,
and triglyceride lipase, leading to a change in fat
metabolism [25].

Treatment with nanoparticles has reduced the
concentrations of TC, TG, VLDL, and LDL in rats
while increasing HDL concentrations. The reason
for the improvement in standards may be due to
the content of these substances on active groups
that reduce fat accumulation, as well as stimulate
the activity of lipoprotein lipase, which leads to a
decrease in In TG and may increase the uptake
of triglycerides from plasma by skeletal muscle
and adipose tissue (Fogelman et al., 2016:
Fulianga et al., 2005).

Cholesterol-lowering  properties have been
attributed to chitosan, especially in rats fed a
high-cholesterol diet (Vahouny et al., [26], as
consuming chitosan at 5% of the diet reduces
blood cholesterol levels to the level of rats fed a
normal cholesterol diet (Fukada et al., [27],

reducing cholesterol in the blood of experimental
animals is achieved by binding cholesterol to the
presence of bile acids and forming the
cholesteramine compound, and cholesterol is
eliminated from the body through feces (Grundy
et al.,, 1971), previous study confirmed that
chitosan has low toxicity, It is safe in mice at
concentrations up to 10% in the diet [28].Some
studies indicate that cholestyramine is
associated with colon cancer in humans [29] and
rats [30].

It has been assumed that reducing cholesterol
with chitosan occurs through mixing glucosamine
with bile acid and cholesterol in the intestinal
lumen and thus enters the absorption process
[26].

4. CONCLUSION

The chitosan-titanium nanoparticles had a
wavelength of 200 nm and were characterized by
the shape of spherical particles with sizes
ranging from 33.74 - 34.34 nm.Ch-TiO2NPs
particles played an important role in getting rid of
the body of harmful fats that were formed due to
oxidation with the toxic substance acrylamide,
and returning the body to its normal state, as well
as an increase in the weights of animals treated
with Ch-TiO2NPs after their decrease in the
affected group, and an increase in the numbers
of red blood cells, hemoglobin percentage, and...
The percentage of red blood cells and platelets
and a decrease in white blood cells and
monocytes with an increase in the percentage of
lymphocytes in male white rats infected with
acrylamide and treated with Ch-TiO2 NPs
compared to the group of rats infected with
acrylamide without treatment.
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