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KEYWORDS ABSTRACT
Magnetic Iron Oxide Background: There are an increasing number of studies on magnetic nanofeeders with multiple
Nanoparticles; Coated applications in agriculture and food processing. Among the magnetic separation oxides, iron oxide has
Nanoparticles; liver;  emerged as an indispensable tool in nanoscale differentiation, especially bio-nanoscale. This is attributed to
kidneys; Rat testicles the characteristics of such as size, shape, magnetism and coexistence. Aim of the study: The aim of this
;Arab Gum; study feeding experiment is to prove the non-toxicity of magnetic nano-iron oxides, whether coated when
Nanomaterials dosed with distilled water or uncoated in milk or distilled water. Subject, materials and methods: Materials:
magnetic iron oxide nanoparticles was obtained from SkySpring Nanomaterials (U.S.A.) at a size of 30
nm. Acacia gum (Gum Arabic) is prepared from Thomas Baker (Indian), Sodium hydroxide from Riedel-
de Haén (Germany), Potassium phosphate dibasic from CDH (Indian), Potassium phosphate mono basic
from HIMEDIA (Indian),Potassium bromide from AVONCHEM(UK), MNPs are characterized by various
tools to examine their physicochemical properties. The size of NPs plays a major role in exhibiting
different physicochemical properties, and even a small difference in their nanoscale dimensions can alter
their properties. Some of the instruments used for their characterization are Atomic Force Microscopy
(AFM), Energy Dispersive X-ray Diffraction (EDXD), Field-Emission Scanning Electron Microscopy (FE-
SEM), Fourier Transform Infrared Spectrometer. Results: After the completion of the experimental period
for this study (28 days), the laboratory animals were sacrificed using ether anesthesia. The animals were
then dissected using dissection tools to remove these organs. The organs were weighed using a sensitive
balance after being washed with 0.9% normal saline solution and dried with filter paper [1][2]. The liver,
kidneysamples were collected in pre-labeled plastic containers and preserved in 10% formalin until
histological sectioning could be performed. Tissue sections were performed for all organs - liver, kidney
and they were placed under a microscope. The results showed no damage to these organs. Conclusion: The
findings suggest that both arabic gum-coated and milk-coated magnetic iron oxide nanoparticles, at the
tested doses and treatment durations, did not induce observable tissue damage or pathological alterations in
the kidneys or liver of the treated rats.

1. Introduction

Nanoparticles (NPs) that possess magnetic properties are referred to as magnetic nanoparticles
(MNPs) and can be manipulated by external magnetic fields for a myriad of applications [3-5].
MNPs have several other technological applications in biomedicine such as magnetic resonance
imaging, drug delivery and magnetic hyperthermia [6-8]. Magnetic properties of nanoparticles (NPs)
are dominated by two main features [9-11]. finite-size effects (single-domain, multi-domain
structures and quantum confinement) and surface effects, which results from the symmetry breaking
of the crystal structure at the surface of the particle, oxidation, dangling bonds [12,13]. Surface
effects become significant as the particle size decreases because the ratio of the number of surface
atoms to the core atoms increases [11][14]. It is well established that several magnetic properties
such as magnetic anisotropy, magnetic moment per atom, Curie temperature, and the coercivity field
of NPs can be different than those of a bulk material [15-17]. In most medical applications, the
preferred size of the nanoparticles is typically around 10-50 nm[18-21] Pure iron nanoparticles can
be synthesized, but their sensitivity to oxidation due to strong dipole-dipole attractive interaction and
surface reactivity, is a major drawback for biomedical applications. Depending on the application,
magnetic nanoparticles may be linked into larger conglomerates to increase the overall magnetic
moment. Iron nanoparticles coated and stabilized with coverages and consequently have been found
to be quite thermodynamically stable under physiological conditions without any toxic effects on the
cell[22-24] Stable Enzymatic Nanoparticles from Nucleases, Proteases, Lipase and Antioxidant
Proteins with Substrate-Binding and Catalytic Properties.Limited membrane permeability and

831l|Pag



‘ Coated and Uncoated Magnetic Iron Oxide Nanoparticles: Toxicity Assessment and Properties of
ﬂEl\f’tl Non-Accumulation in Biological Tissues.
SEEJPH 2024 Posted: 02-08-2024

biodegradation hamper the intracellular delivery of the free natural or recombinant enzymes
necessary for compensatory therapy. Nanoparticles (NP) provide relative protein stability and
unspecific endocytosis-mediated cellular uptake[25-27]. Therefore, this study aims to demonstrate
whether the body can get rid of magnetic nanoparticles, whether coated or uncoated, when
administered with distilled water or milk[9][28].

2. Materials and Methods

Materials: magnetic iron oxide nanoparticles was obtained from SkySpring Nanomaterials (U.S.A.)
at a size of 30 nm. Acacia gum (Gum Arabic) is prepared from Thomas Baker (Indian), Sodium
hydroxide from Riedel-de Haén (Germany), Potassium phosphate dibasic from CDH (Indian),
Potassium phosphate mono basic from HIMEDIA (Indian), Potassium bromide from
AVONCHEM(UK),

Characterization of MNPs

MNPs are characterized by various tools to examine their physicochemical properties. The size of
NPs plays a major role in exhibiting different physicochemical properties, and even a small
difference in their nanoscale dimensions can alter their properties. Some of the instruments used for
their characterization are Atomic Force Microscopy (AFM), X-ray Diffraction (X-ray), Field-
Emission Scanning Electron Microscopy (FE-SEM), Fourier Transform Infrared Spectrometer (FT-
IR)[29].

Surface Modification of MNPs with GA

The surface of the Fe304 nanoparticles was coated with gum arabic by mixing 0.5 g of nanoparticles
with 50 ml of GA solution (5 mg. L-1). Then, the mixture was sonicated for 30 minutes at room
temperature. The gum arabic coated magnetic nanoparticles that formed were recovered from the
reaction solution by placing a magnet under the bottle, followed by washing the magnetic
nanoparticles with distilled water several times. Finally, they were dried in an oven at 40°C for 24
hours[18][30].

The Nutritional Experiment
Preparation of Laboratory Animals and Conducting the Experiment:

The nutritional experiment was conducted on male Albino rats obtained from the animal house at the
University of Kufa, aged 4-5 weeks, with an average weight ranging between 110-120 grams. A total
of 28 rats were divided into four groups, ensuring that their weights were as equal as possible. Each
group consisted of seven individuals. The rats were housed in locally manufactured plastic cages with
dimensions of 15x20x27 cm (height-width-depth, respectively), which are similar to the dimensions
mentioned in the references. Each cage contained one rat. The experiment was carried out under
controlled standard conditions, with a temperature of 22 + 2°C, relative humidity of 55 + 5%, and a
12-hour light-dark cycle. Food and distilled water were provided ad libitum according to the needs of
the animals, and the bedding was changed every two days[19][31].

Table 1: illustrates the division of the experimental animal groups used in the nutritional experiment
and the treatments administered to them:

No. Symbol Treatment

1 CO Negative control group, administered distilled water only
2 Al Positive control group, administered MNPs with distilled water
3 A2 Positive control group, administered GA@MNPs with distilled water
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4 A3 Positive control group, administered MNPs in skim milk

The treatments were administered orally using a gavage, a tool specifically designed for rats.
Histological Study of Experimental Animal Organs (Liver, Kidney), Collection of Liver, Kidney
Samples. After the completion of the experimental period for this study (28 days), the laboratory
animals were sacrificed using ether anesthesia. The animals were then dissected using dissection
tools to remove these organs[32,33] The liver, kidney samples were collected in pre-labeled plastic
containers and preserved in 10% formalin until histological sectioning could be performed.To
perform histological detection of magnetic nanoparticles, the target organs in this study, preserved in
formalin solution, were extracted and washed with water. They then underwent a series of processes
based on previous studies described by Lee et al.[34,35].

Samples were sectioned and tissue sections were stained. Tissue sections were photographed using a
MEINJI light microscope, with results recorded at 100X and 400X magnification. The microscope was
equipped with a Canon high-resolution digital camera.

2. Results and Discussion
Field-Emission Scanning Electron Microscopy (FE-SEM)

FE-SEM is a technique that visualizes the shape and size of nanoparticles [36,37]. The images of the
magnetic iron oxide nanoparticles (MNP) in Figure 1 reveal a homogeneous structure with spherical
shapes.
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Figure (1): The Shape and size of magnetic iron oxide nanoparticles (MNPs) using Field-Emission
Scanning Electron Microscopy (FE-SEM) analysis .

The surface change of magnetic nanoparticles after coating with gum arabic GA was studied using
FESEM analysis. From Figure (2), it is clear showing how much the average of the total diameter of
the GA@MNP, as it increased after being coated with gum arabic compared to the uncoated one, and
this is consistent with
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Figure (2): Shape and size of magnetic iron oxide nanoparticles (MNPs) after coating with gum
arabic GA (GA@MNP using Field-Emission  Scanning Electron Microscopy (FE-SEM) analysis.

The surface change of magnetic nanoparticles after coating them with gum Arabic (GA) was studied
using FE-SEM analysis. Figure (2) shows the extent of increase in the average total diameter of
magnetic nanoparticles (GA@MNP) after coating them with gum Arabic compared to the uncoated
ones. Hassan Hussein et al [38].

Fourier-transform infrared spectroscopy (FTIR) analysis:

(FTIR) Fourier-transform infrared spectroscopy analysis is a suitable method to determine the
functional groups present in the organic compounds in the sample[11,18].

FTIR analysis was performed on magnetic nanoparticles of iron oxides Fe304 to determine the
functional groups and bonds present in the sample. For this purpose, FTIR spectra of the
nanoparticles were obtained. Using the KBr-Pellet method. Figure 3 (A) shows the FTIR of MNP
particles, gum arabic, MNP coated with gum arabic, GA-MNP. It is shown in Figure 3 that the wave
number was from cm-1 005 to cm-1 4000. Accordingly, the characteristic peak of the spectrum for
magnetic nano-oxides of iron, i.e. Fe-O, occurs at cm-1 586, which is the bond for the magnetite
(MNP) [19,20].

In the FTIR spectrum of gum arabic, Figure 3 (A), the infrared characterization feature indicates the
presence of the absorption band that appears at 1030 cm™, which is attributed to the stretching
vibration of carbon dioxide, while the absorption band at 1610 cm™ is due to the stretching vibration.
C=0 in gum arabic. The absorption band that appears at 2922 cm™ is attributed to C-H stretching in
the gum arabic structure. It is noted from this that the distinct absorption bands attributed to gum
arabic in the FTIR spectrum of GA@MNP [39-41] Therefore, a conclusion can be drawn that GA
has succeeded in coating magnetic nanoparticles.
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Figure 3: Fourier-transform infrared spectroscopy (FTIR) spectrum of MNP, gum arabic, gum arabic-
coated MNP GA@MNP

XRD analysis

Figure 4 shows the XRD patterns of Fe304 MNPs, which agree well with the crystal structure pattern
of magnetite [42,43]. Characteristic peaks could be identified at 26 values of 30.20, 35.6, 43.25,
53.75, and 57.15, which corresponded to the crystal planes (114), (322), (82), (48), (121) of
unmodified Fe304. These results are in line with the findings of Dawn et al[44]). After encapsulating
the MNPs using gum arabic and conducting an XRD spectrum, which indicates that the surface

functionalization did not change the crystalline nature, and this is consistent with what was indicated
by Ali et al [29].
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Figure 4. XRD analysis patterns of Fe304 MNPs
Study Results

The results of this study demonstrated the successful coating of MNPs with Arabic gum, attributed to
the biocompatibility of Arabic gum, which is one of its advantages. This process is environmentally
friendly as it prevents the oxidation of MNPs. The GA@MNPs meet the requirements for biological
applications due to their non-aggregation properties, protection and stabilization of MNPs, and lack
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of toxicity. Furthermore, analyses using FE-SEM (Field Emission Scanning Electron Microscopy)
and AFM (Atomic Force Microscopy) indicated a change in the external appearance of the MNPs as
a result of the coating.

Figure 5: Histological Section of the Liver in the Negative Control Group Rats
The liver tissue shows the normal structure without any detectable pathological lesions.
e The black arrow indicates the central vein in the hepatic portal area.
e The red arrow points to normal hepatocytes in the liver tissue.

e The blue arrows highlight the hepatic sinusoids, which are spaces between liver cells where
blood flows.

The tissue was stained using Hematoxylin and Eosin stains. The histological section was
.photographed using a light microscope and a digital camera at 10x magnification

-cn - e

= [3 e " " 2>

Figure 6: Histological Section of the Kidney in the Negative Control Group Rats
The kidney tissue shows the normal structure without any detectable pathological lesions.
e The black arrow indicates the normal renal corpuscle.
« The red arrow points to the renal capsule, which surrounds the renal corpuscle.
e The blue arrow indicates the network of glomerular capillaries within the renal corpuscle.

o The green arrow shows the Bowman's space, where glomerular filtration occurs in the kidney.
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o The yellow arrows highlight the renal tubules, which transport filtered waste products.

The tissue was stained using Hematoxylin and Eosin stains. The histological section was
photographed using a light microscope and a digital camera at 10x magnification.
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Figure 7: Histological section of the kidney in the negative control group rats
The kidney tissue shows the normal structure without any detectable pathological lesions.
e The black arrow indicates the normal renal corpuscle.
e The red arrow points to the renal capsule, which surrounds the renal corpuscle.
e The blue arrow indicates the network of glomerular capillaries within the renal corpuscle.
« The green arrow shows the Bowman's space, where glomerular filtration occurs in the kidney.
« The yellow arrows highlight the renal tubules, which transport filtered waste products.

The tissue was stained using Hematoxylin and Eosin stains. The histological section was
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Figure 8: Histological Section of the Liver in Rats Treated with Magnetic Iron Oxide Nanoparticles
(Dose: 5 mg/kg)

The liver tissue shows a normal structure without any detectable pathological lesions.
e The black arrows indicate the central vein in the portal area of the liver.
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e The red arrow points to normal liver cells (hepatocytes) in the liver tissue.

e The blue arrows indicate the hepatic sinusoids, which are spaces lined by hepatocytes in the
liver tissue.

The tissue was stained using Hematoxylin and Eosin stains. The histological section was
photographed using a light microscope and a digital camera at 10x magnification.

Evaluation of the dose-dependent effect of magnetic iron oxide nanoparticles (Fe304 MNPs) on liver
tissue indicated that administration of Fe304 at a dose of 5 mg/kg was not associated with
pathological changes in the tissue. McClements et al (2017)[1]. Regarding oral administration,
magnetic iron oxide nanoparticles did not accumulate in tissues or cause toxicity. the study presented
by Parivar et al. (2016 Other studies have confirmed that oral administration of Fe304 did not cause
accumulation of magnetic nano-iron oxides in tissues or cause toxicity [4].

Figure 9: Histological Section of the Liver in Rats Treated with Arabi Gum-Coated Magnetic Iron
Oxide Nanoparticles (Dose: 5 mg/kg)

The liver tissue exhibits a normal structure without any detectable pathological lesions.
« Black arrows: Central vein in the portal area of the liver.
e Red arrow: Normal hepatocytes (liver cells) within the liver tissue.

o Blue arrows: Hepatic sinusoids, which are spaces formed by aligned hepatocytes in the liver
tissue.

The tissue was stained using Hematoxylin and Eosin stains. The histological section was captured
using a light microscope and a digital camera at 10x magnification.

The figure(9 ) shows the effect of the dose of magnetic iron oxide nanoparticles coated with gum
arabic (Fe304) GA@MNPs on liver tissues, as no pathological changes were observed in the tissues.
Gum arabic acts as a protective layer around the magnetite particles, reducing their interaction with
cells and tissues[45,46]. The mechanism by which gum arabic mitigates magnetite accumulation in
the liver can be attributed to its physicochemical properties. Gum arabic forms a protective layer
around magnetite nanoparticles, changing their surface charge and hydrophilicity. This modification
enhances the dispersion of nanoparticles in biological fluids and facilitates their removal from the
body through renal pathways, thus reducing the likelihood of their accumulation in the liver [47], it
was confirmed that coating these particles prevents their aggregation and increases the body's ability
to get rid of them.
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Figure 10: Histological Section of the Liver in Rats Treated with Magnetic Iron Oxide Nanoparticles
Coated with Milk (Dose: 5 mg/kg)

The liver tissue displays a normal structure with no identifiable pathological abnormalities.
o Black arrow: Central vein in the portal area of the liver.
e Red arrow: Normal hepatocytes (liver cells) in the liver tissue.
o Blue arrows: Hepatic sinusoids, spaces formed by aligned hepatocytes in the liver tissue.

The tissue was stained with Hematoxylin and Eosin. The histological section was captured using a
light microscope and a digital camera at 10x magnification.

Figure ( 10) shows that there is no damage to the liver tissue as a result of dosing magnetic
nanoparticles at a dose of (5 mg/kg) with milk, as the latter's proteins work by adhering to the walls
of these particles and forming an outer layer that prevents the aggregation of particles and works to
disperse them, thus making them safe [48]. Also, the study conducted by Huang et al. [42], using
milk casein attached to the walls of magnetic nano-iron oxides, delivered the drug safely orally. Other
studies have also been conducted that prove the safety of these particles when dosed in milk, as the
coating consisting of a layer of casein on the surface of the particles shows non-toxicity and
biological compatibility, the coating consisting of milk casein gives the magnetic nanoparticles long-
term stability. In another study, the issue was not limited to its non-toxicity, but rather went beyond
that, as these particles were used with milk to treat iron deficiency anemia (IDA) in the body. Kumari
et al[7].
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Figure 11: Histological Section of the Kidney in Rats Treated with Magnetic Iron Oxide
Nanoparticles (Dose: 5 mg/kg)

The kidney tissue shows no detectable pathological lesions.
e Black arrow: Normal renal corpuscle.
o Red arrow: Capsule of the renal corpuscle.
e Blue arrow: Network of fine blood vessels (glomerulus) within the renal corpuscle.
« Green arrow: Bowman's capsule, through which renal filtration occurs.
o Yellow arrows: Renal tubules responsible for transporting filtered wastes.

The tissue was stained with Hematoxylin and Eosin. The histological section was captured using a
light microscope and a digital camera at 10x magnification.

Figure (11) shows the kidney tissue of animals dosed with magnetite, and it was noted that there was
no obvious damage to the kidney tissue. A study conducted by Madkor et al [45]. confirmed that lead
toxicity on the kidneys was reduced using uncoated magnetic nanoparticles of iron oxides. Another
study confirmed that these particles are safe and do not cause changes to the kidneys over time, As
for the size, several studies have confirmed that the size of the magnetic nanoparticles targeted in this
study can be eliminated by the kidneys [49].
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Figure 12: Histological Section of the Kidney in Rats Treated with Arabi Gum-Coated Magnetic Iron
Oxide Nanoparticles (Dose: 5 mg/kg)
The kidney tissue exhibits a normal structure without any detectable pathological lesions.
o Black arrow: Normal renal corpuscle.
o Red arrow: Capsule of the renal corpuscle.
o Blue arrow: Network of fine blood vessels (glomerulus) within the renal corpuscle.
o Green arrow: Bowman's capsule, through which renal filtration occurs.
o Yellow arrows: Renal tubules responsible for transporting filtered wastes.

The tissue was stained with Hematoxylin and Eosin. The histological section was captured using a
light microscope and a digital camera at 10x magnification.

Figure (12) shows the kidney tissue after dosing with magnetic nano-iron oxides coated with gum
arabic. It was noted that there was no damage resulting from these nanoparticles, as the coating
maintains the dispersion of the magnetite magnetic nanoparticles and prevents their aggregation and
makes them safe, non-toxic, and does not cause any damage to the tissue[49]. Another study also
showed that the process of coating with gum arabic eliminates the damage that may result from
uncoated magnetic nanoparticles. It also confirmed that coating with gum arabic works to prevent the
potential negative effects of these nanoparticles on tissues [47].

Figure 13: Histological Section of the Kidney in Rats Treated with Milk-Coated Magnetic Iron Oxide
Nanoparticles (Dose: 5 mg/kg)

The kidney tissue exhibits a normal structure without any detectable pathological lesions.
e Black arrow: Normal renal corpuscle.
o Red arrow: Capsule of the renal corpuscle.
e Blue arrow: Network of fine blood vessels (glomerulus) within the renal corpuscle.
« Green arrow: Bowman's capsule, through which renal filtration occurs.
« Yellow arrows: Renal tubules responsible for transporting filtered wastes.

The tissue was stained with Hematoxylin and Eosin. The histological section was captured using a
light microscope and a digital camera at 10x magnification.
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Figure 13 shows that there was no harm to the magnetic nanoparticles that were dosed after mixing
them with milk, as the milk proteins work to coat the magnetic nanoparticles, causing them to
stabilize and not aggregate, i.e. maintaining their dispersion, thus being biocompatible [49,50].

3. Conclusion

In this study, two axes were accomplished: the first, magnetic iron oxide nanoparticles were coated
with gum arabic, and the second axis was treating laboratory rats with magnetic iron oxide
nanoparticles coated with gum arabic or milk, at specific doses and treatment periods. Histological
examination of kidney and liver tissues showed no detectable pathological lesions in all treatment
groups. Overall, these results indicate that the magnetic iron oxide nanoparticles coated with gum
arabic and coated with milk, at the tested doses and treatment periods, did not cause significant tissue
damage or pathological changes in the kidney or liver of treated rats.
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