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ABSTRACT : Fe,O, nanoparticles are used in many biomedical implementations. However, research on their toxicity remains
insufficient. Therefore, this study aimed to ascertain the damages that these nanoparticles may cause to some biochemical
markers, as well as to assess the ameliorative role of silymarin. This study was tested on thirty-two rats, which were distributed
into four groups. The first contained control rats, the second included rats poisoned with iron oxide nanoparticles, the third
contained rats poisoned with nanoparticles and were given silymarin, and the fourth included rats that received silymarin only.
Biochemical analyzes were performed, which included assessment of the serum levels of some hepatic and renal parameters.
The results confirmed a significant augmentation in ALT and AST levels in rats poisoned with nanoparticles compared to the
control. Also, the serum levels of all parameters were significantly improved when poisoned rats received silymarin. This study
concluded that the use of silymarin significantly ameliorated the biochemical disturbances induced by iron oxide nanoparticles.
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INTRODUCTION

The application of nanotechnology in medicine has
revolutionized healthcare because of its unique potential
for developing pathological diagnoses as well as
pharmacological treatments (Trivedi et al, 2022 and
Ahmed er al, 2022). Iron oxide nanoparticles (Fe,O,-
NPs) are magnetic nanoparticles that possess unique
electromagnetic and optical properties, which make them
desirable in many medical and pharmaceutical

as an antioxidant and detoxifying. SLM counteracts
harmful free radicals caused by the decomposition of toxic
substances (Dwivedi et al, 2022; Boukazoula and Ayari,
2022). Therefore, this substance is sold in the
pharmacopoeia of many countries (Chaitanya et al, 2022).
It is used to treat hepatic and toxic diseases as it can
prevent liver dysfunction (Mukhtar et al, 2021). Some
experimental research also reported on the positive effects
of SLM in nephrotoxic drugs in laboratory animals,

applications such as gene cloning, drug delivery, and DNA
separation (Badawi et al, 2022; Sidkey, 2020 and
Danthanarayana et al, 2018). In contrast, the beneficial
properties of nanoparticles were offset by harmful
effects depending on the concentration of the doses
(Mahmoud et al, 2022; Kakoty et al, 2022; Ramadhan
and Ghareeb, 2021). Until the present time, natural herbs
are preferred to be used for medicinal purposes by many
people in order to avoid the side effects of industrial
medicines (Al-Haidari et al, 2021). Silymarin (SLM) is
an extractor from the seeds of S. marianum, which is of
the Asteraceae family (Aziz et al, 2021).

In addition to its anti-inflammatory properties, it well-
deservedly possesses liver-protecting properties by acting

especially its effects on kidney function (Aktas and
Bayram, 2020; Shahbazi et al, 2012 and Turgut et al,
2008). The current study aimed to evaluate the harmful
effectiveness Fe O,-NPs on some biochemical markers
in experimental rats, as well as to estimate the potential
enhancing role of silymarin.

MATERIALS AND METHODS
Nanoparticles and silymarin products
The dispersion of Fe,O, nanoparticles was used with
the following specifications (Fig. 1): APS: 20-100 nm,
purity: 99.9%, form: liquid, color: brown, pH value: 5-7,

surface treatment compound: carboxylate, concentration:
20 wt% and dispersing agent: water (ddH20). As for its
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Fig. 1 : SEM — Fe,0, NPs.

properties, they were as follows: UV absorption, high
transparency, durability, excellent thermal stability, high
hardness, and excellent optical. It was acquired from
Nanoshel LLC, Wilmington, USA. Also, Pure Silymarin
Envelopes, dietary supplement (made in USA) were used.

Study design

Thirty-two male albino rats, their ages ranged
between 17-25 weeks were used, while their weight
ranged between 185-230 g. They were obtained from
animal houses within Iraqi universities. They were placed
inside cages of suitable capacity designated for them under
appropriate laboratory conditions in terms of temperature,
lighting, and ventilation. They were allowed easy
oncoming to water and feed. One week before the start
of the experimental study, these rats were adapted to
laboratory conditions.

Equally, all laboratory animals were distributed into 4
groups as explained in Table 1. After completing the
fourteenth day of the study, the anesthetized rats were
sacrificed and blood was drawn from them by puncturing
the hearts.

For biochemical analysis purposes, hepatic and renal
serum enzymes were measured using diagnostic kits in
an automatic machine.

Statistical analysis

Data were statistically processed by Graph Pad Prism
7. To determine the variation between experimental
groups, one-way analysis of variance (ANOVA) and then
Tukey’s post hoc test were performed. Significant
difference was considered at P value < 0.05.

Table 1 : Study groups and doses.
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RESULTS

The results of the biochemical evaluation confirmed
a clear statistical augmentation in the levels of ALT
(245.06£7.68) and AST (361.31£7.26) for Fe,O,-NPs
group when compared with CON group (91.52+6.86 and
139.15+£5.47). As for the other biochemical indicators
ALP, BU and Cr their levels increased in rats poisoned
with nanoparticles, but not significantly when compared
with untreated animals. On the other hand, SLM treatment
significantly reduced the levels of all perturbed parameters
in the Fe,O,-NPs + SLM group compared to the Fe,O,-
NPs group as presented in Table 1.

DISCUSSION

An overall recognition of the quantitative localization
of nanoparticles in different tissues of the body helps to
map the pharmacokinetics of nanomedicine, so data
obtained from in vivo toxicity studies of Fe O,-NPs is
an essential ingredient for a succeeded transit to the
clinical framing (Patil et al, 2015). The results confirmed
that iron oxide nanoparticles with APS between 20-100
nm and carboxylate surface treatment compound had
obvious toxic effects on some biochemical parameters,
especially on hepatic enzymes ALT and AST. Metal oxide
NPs induce cytotoxicity by releasing ions, depending on
several main factors that determine their toxicity such as
size, shape, surface area and charge, oxidation state, and
other physicochemical properties (Sengul and Asmatulu,
2020; Karlsson et al, 2022). Elevated levels of these
parameters are indicative of impaired liver function
(Ghareeb, 2022). Our findings are consistent with another
study conducted by Feng et al (2018), when they
systematically investigated the toxicity of commercially
available iron oxide NPs in different sizes and coatings.
They found that all these NPs tended to proliferate in the
liver, that their biolysis and removal of iron oxide NPs in
the hepatic tissue was comparatively late. Besides, these
nanoparticles tended to be trapped in smaller amounts in
the kidneys. In a previous study by Sadeghi and Espanani
(2015), they found that iron oxide nanoparticles
administered to lab rats via pulmonary inhalation
penetrated the circulation, quickly reached the liver and
created serious inflammation in the liver tissue, and also
observed the penetration of hepatic enzymes into the blood
serum as a result of damaged liver cells. In another

Groups Daily treatments for up to 2 weeks

CON Laboratory rats without any treatment.

Fe O,-NPs Laboratory rats were injected with Fe O,-NPs (40 mg/kg) intra-peritoneally (Rahdar et al, 2018).
Fe,O,-NPs+ SLM Rats exposed to Fe,0,-NPs were provided with SLM (100 mg/kg) via a gastric tube (Ghareeb, 2021).
SLM Rats were provided with SLM (100 mg/kg) only.
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context, supplementing the rats with silymarin led to a
significant modification of all the negative changes
induced in the serum biochemical parameters. This may
be due to the protective activity of SLM against toxic
factors to the liver and kidneys, as well as chemicals
(Fanoudi et al, 2020). Silymarin exerts a positive effect
on hepatocytes by binding to the receptors of the liver
cell membrane responsible for absorbing toxins, thus
stopping the cell’s absorption of toxins. In addition, it

stimulates protein synthesis and thus regenerates liver
cells (Khazaei et al, 2022). In another recent study by
Lamia et al (2021), they found that administration of
silymarin to ovariectomized rats significantly reduced the
infiltration of inflammatory cells as well as the damage
to liver and kidney tissues caused by carbon tetrachloride.
They concluded that SLM might be advantageous as a
curative intervention to preserve liver and kidney health.
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CONCLUSION

Our results indicated that iron oxide nanoparticles
had a clear detrimental effect on the liver biochemical
parameters ALT and AST, which indicated a disturbance
in the liver function, while its effect on the renal
biochemical parameters was less. Supplementing
nanoparticles-exposed rats with silymarin led to a
significant improvement in all the affected biochemical
parameters.
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