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Objective(s): Nowadays, examining the toxicity of nanoparticles including the
synthesized and functionalized iron nanoparticles using methods like green
synthesis is highly considered, due to their increasing usage in various fields of
medicine, biology, industrial, and pollution removal. Hence, in this study, the
toxicity of the nano FeO particles functionalized the Myrtus communis (MC-
ZVINP) was investigated

Methods: Cell line of human skin (normal fibroblast) was used to examine cellular
toxicity using the MTT method. Also, biochemical factors such as liver enzymes
level, and factors such as the number of white and red globules, lymphocytes,
platelets, amount of blood hemoglobin, and histopathological test of liver tissue
in laboratory small rats were examined after intraperitoneal injections of the MC-
ZVINP with different concentrations daily and a duration of 3-month, with the
groups receiving trivalent iron, the extract of plant-case, and normal saline.

Results: Cytotoxicity concentration of iron-case nanoparticles was obtained for
50% of HFF cells (CC50=149.23+4.45ug/mL). The results obtained from the blood
factors examination showed a decreased the serum level of liver enzymes as well
as an increase in the number of red and white globules and hemoglobin rate in
mice receiving iron nanoparticles compared to the trivalent iron receiving group.
Receiving the concentrations of 100 and 200 mg/kg/bw of iron nanoparticles have
caused the incidence of mild and moderate inflammation in the liver of mice.

Conclusions: Generally, it can be concluded that, the MC-ZVINP have shown no
significant toxicity on the levels of blood cells, enzymes, and liver tissue.
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INTRODUCTION

The worldwide spread of nanotechnology and the
increasing usage of the products of this technology
including Nano-sized metals to apply them in the
health sector and in the field of human health are

* Corresponding Author Email: eslamish540@gmail.com

highly considered [1-3]. Iron is an essential nutrient
for many cellular processes including oxygen
transfer, energy generation, and DNA production
[4, 5]. The conversion of iron from the oxidation
form to the reduction form and vice versa has
enabled it to play an effective role in the activity of

This work is licensed under the Creative Commons Attribution 4.0 International License.
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/.

S. Tavakoli et al. / Safety of Green Synthesized Zero Valente Iron nanoparticles

many important enzymes involved in biochemical
interactions [6]. Dysfunction of iron-regulating
mechanisms in the body and/or receiving iron out of
the body’s physiological range lead to its deficiency
or overloading in the body, which can be effective
in causing some illnesses such as diabetes, coronary
arteries disease of heart, and creation or recurrence
of some types of cancer [4, 7, 8]. Furthermore,
excessive receive of iron may cause free and reactive
oxygen radicals [9]. One of the most important
destructive effects of free radicals is the onset of
lipids peroxidation, which can cause damages to the
cell membrane. These radicals can lead to produce
lipid peroxidase by alkylation protein groups and
other cellular macromolecules as well as attacking
to unsaturated fatty acids [10, 11]. Accordingly, this
matter can lead to hepatic necrosis, which leads to
elevated serum levels of alkaline phosphatase and
aminotransferases enzymes. Increasing the levels of
these enzymes is conventionally indicator of hepatic
damages [12]. Iron nanoparticles are one of the first
nanoparticles used in the purification process. So
that, zero-valente iron nanoparticles, dueto their high
capacity in oxidation and reduction reaction, have
been considered for water and soil purification and
also for the removal of a wide range of contaminants
such as hydrocarbon compounds, chlorinated
compounds, nitro-benzenes, phenol chloride,
biphenyl poly-chloride, and heavy metals and ions
[13]. These nanoparticles have also highly reactive
surfaces and a high potential for functionalization,
so that they can be used by targeting the
functionalization of these nanoparticles in various
medical and biological fields such as magnetic drug-
delivery systems, biotechnology, magnetic resonance
imaging, hyperthermia, biodegradation, biosensors,
and pollution removal [14]. Recently, the synthesis
of iron nanoparticles has been considered by
researchers using polyphenolic compounds derived
from plant extracts [15-17]. There are relatively
few reports on the toxicity of zero-valente iron
nanoparticles [18, 19]. Clarifying the toxicity of zero-
valente iron nanoparticles is particularly important,
due to the increasing usage of these nanoparticles in
water purification, soil remediation, and medicine.
The phenyl groups and the hydroxyl groups present
in these compounds give them the characteristics of
a good coating agent to stabilize the active surfaces of
the nanoparticles and also to reduce the bio-toxicity
of the produced nanoparticles [20]. The plant-case
has various phenolic compounds [21], which can
be used to synthesize the iron nanoparticles in
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a green method and can also reduce the toxicity
of iron nanoparticles in regard to its therapeutic
properties [22-24]. It is important to note that, liver
diseases and the incidence of significant damages
to the liver cells will be a threat for life. For this
reason, efforts are increasing to discover and use
the effective compounds with no detrimental effects
on the liver. With regard to the numerous usages
of iron nanoparticles [25], up to now, few studies
have investigated the toxicity of zero-valente iron
nanoparticles, and these studies have been mainly
conducted on bacteria, as well as the therapeutic
uses of the Myrtus communis plant. Also, no studies
have been conducted to examine the toxicity of
green synthesis of iron nanoparticles using the plant
extract; the aim of this study was to evaluate the
toxicity of zero valente nano-iron particles that were
synthesized using the green method (MC-ZVINP)
[26] at the cellular level and in the animal model.

MATERIALS AND METHODS
Bio-synthesis of zero valente iron nanoparticles

The MC-ZVINP were prepared by reducing
Fe (III) to Fe (0) using Myrtus communis leaf
methanolic extract (MCLE) and ascorbic acid
without air evacuation. 12 g L™ of solution prepared
from the extract in 50 ml of 0.1 ml NaOH was
poured in a burette and added drop by drop into 0.1
M iron chloride and 0.1 M ascorbic acid solution
with strenuous shaking. The immediate appearance
of a black color suggested the reduction of iron
ions. After 30 minutes stirring the reaction ends.
The obtained MC-ZVIN were centrifuged at 20 000
rpm for 20 minutes, then washed using deionised
water and ethanol to eliminate any unreacted
biomolecules. The resultant nanoparticles were
redispersed in normal saline for further studies.
The bio-synthesized MC-ZVIN are biphasic in
structure and amorphous in nature (Based on the
XRD pattern), spherical with a diameter ranging
40-60 nm (Based on the SEM image). The TEM
image exhibits a transparent organic layer coating
around the nanoparticles, which was due to the
surrounding phytochemicals that serve as a capping
agent to prevent agglomeration (Fig. 1). The zeta
potential of the MC-ZVIN (-22.4 mV), [26].

Culture and Preparation of Human normal Foreskin
Fibroblast Cells

Cell line of human skin (normal fibroblast)
was provided by Pasteur Institute (Amol, Iran).
The fibroblasts were implanted in culture medium
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Fig. 1. (A) SEM image, (B) TEM image of zero valente iron nanoparticles and the bio-organic components of Myrtus communis leaf
extract.

of DMEM/F12 containing serum of fetal bovine
(10%) as supplementation, streptomycin (100 pg
mL™) and penicillin (10,000 IU mL™). The cells
were stored in an incubator containing CO, gas
(5%) at the same temperature as the human body.
Treatment was performed by replacing the fresh
medium containing different concentrations of
the desired compounds by passing 24h from cells
culture on 96-home plates.

cytotoxicity examination (MTT)

To determine the effects of biocompatible plant
nanoparticles containing zero valente iron on cell
survival; the cells were exposed at concentrations
(0.78125-200 pg/mL) per ml of the MC-ZVINP
after one night and day of their implantation on the
plates. After a 48-hour incubation, the exposure
time was terminated by removal of the culture
medium and the cells were cleaned with saline
phosphate buffer (PBS). MTT dye in the amount
of 100uL, added to the well containing the cells so
that at the end of the concentration reached 5.0
mg ml™, after 4 hours incubation with derived
formazan crystals, it was dissolved in DMSO. Also,
blue-violet light absorption at wavelength 570
nm was read to determine cell survival. Inverted
metallurgical microscopy was used to investigate
the morphology of the cells. Equation (A, / A.) x
100 was considered to find the survival rate and
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cell proliferation (A is optical absorption for the
sample and the control). The concentration of MC-
ZVINP was determined to estimate the inhibitory
effects of MC-ZVINP on the growth of (HFF) cells,
which cause cytotoxicity incidence in 50% of the
cells (CC, ). In all the treatments, CC_ values were
expressed using nonlinear regression compared to
evaluation control and as (Mean + S.D).

animal study

This study was performed on laboratory small
mice in the weight range of 20 + 5 g. Animals were
placed at the animal-house of Pharmacy Faculty
of Medical Sciences University of Mazandaran
under the temperature conditions 25 + 1 °C, 5 +
60% humidity, 12h light, and 12h in darkness, and
after one week of animal habituation to the cage
environment, mice were categorized into 6 groups
at random so that each group had 6 mice.

The first experimental group was with no
treatment, receiving normal saline and was
considered as the control group. The second group
was the receiver of 200 mg/kg/bw concentration of
Myrtus communis extract, the third group received
only 200 mg/kg/bw concentration of trivalent iron.
The fourth group received a concentration of 50
mg/kg/bw of nano Fe’ particles synthesized with
the plant extract daily and through intraperitoneal
injection and for three months, the fifth group and
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the sixth group received 100 and 200 mg/kg/bw
concentration of these nanoparticles in the same way.
Then, blood collection from mice and separating the
liver tissues were done, to perform subsequent tests
by observing ethical principles and under complete
anesthesia conditions with ether.

Blood parameters Examination

Examining biochemical factors such as the
levels of AST, ALT and ALP hepatic enzymes was
done by Pars test kits using colorimetric method
and BT3000 automatics assessment system. Factors
such as the numbers of white and red globules,
lymphocytes, platelets, and blood hemoglobin
amount were also measured.

Histopathological examination

At the end of the 3-month period, all mice were
placed in an anesthetic closed container containing
ether-impregnated cotton, and abdominal area was
cut after anesthesia, and after removing the liver
tissue (cuts of different lobes were provided in all
groups) and washing it with physiological serum, it
was placed in a fixator (10% formalin) (the fixator
was replaced for three consecutive days). After 72
hours, tissue preparation stages were performed
and microscopic sections with 5 um thickness were
prepared for examining the tissue damages. The
slides were stained through hematoxylin and eosin
method, and were then prepared for being studied
with optimal microscopy. Ten slides were provided
from each specimen, and different parts of each
slide were randomly examined in 10 fields. The
specimens were blindly observed and confirmed by
the pathologist.

Statistical analysis method

In order to analyze the data, the mean and
standard deviation were calculated and entered into
SPSS software, and judgment was made among the
groups with the obtained P-value using ANOVA
and tukey tests. Here, the groups receiving iron
nanoparticles were separately compared separately
with the groups receiving trivalent iron and control.

RESULTS AND DISCUSSION
Cytotoxicity evaluation

At First, the effects of iron-case nanoparticles on
cells viability were investigated using MTT method
for 48 hours. The results of Fig. 2 show that, MC-
ZVINP at the concentration of 149.23 pg/mL has
caused toxicity in 50% of growth HFF cells.
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In the present study, the cytotoxicity of iron-
case nanoparticles was concentration-dependent,
so that by increasing the concentration, cell viability
rate decreased.

Since the toxicity of nanoparticles on different
cell lines is varied depending on the property of the
nanoparticles and the cell type under examination;
various researches have been conducted
to investigate the subsequent effect of iron
nanoparticles on different cells, and their results
expressed the effect of nanoparticle concentration
as well as cell line applied on cell death. So that,
by increasing the concentration of nanoparticles,
their cytotoxicity also increases, and of course this
toxicity effect cannot observed in all cells [27].

The survival of human bronchial mucosal
tissue cells was investigated in the presence of
zero-valente iron nanoparticles synthesized by
chemically resolved in physiological serum and
divalent iron at concentrations of 100 and 200 uM
resolved in physiological serum. These cells have
had a higher survival rate in confronting zero-
valente iron nanoparticles compared to divalent
iron [28], which is consistent with our study
showing that, the iron-case nanoparticles have less
toxicity than trivalent Iron.

Studies show that, chemical zero-valente
iron nanoparticles can cause toxic effects on the
microglia of rodent neurons [29].

The most important mechanism that can be
considered for existence of the toxicity effect for
these nanoparticles, is the production of oxygen
free radical, which when its concentration exceeds
the specified and controlled amount inside the
cell, will cause the incidence of negative effects
on the function of intracellular organelles such
as mitochondria, proteins, and even DNA, which
eventually leads to cell death [30-32].

Other studies have also shown that, the most
important mechanism of toxicity after exposure to
zero-valente nanoparticles, is oxidative stress [33].

Modification of zero-valente iron nanoparticles;
for example, coating zero-valente iron nanoparticles
with Asparaginate through reducing the direct
contact of nanoparticles with cells has resulted in
toxicity reduction [32].

Biochemical study

Assessment of AST, ALT and ALP enzymes in
terms of serum levels

The results of biochemical parameters assay
are shown in Fig. 3, and indicated that the serum
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Fig. 2. Cytotoxicity of green synthesized MC-ZVINP (A) on cell line of human skin (normal fibroblast) and CC, calculation method
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activity of ALT and ALP enzymes in mice receiving
trivalent iron, has significantly increased compared
to the group receiving the normal saline (P <0.001)
while, in the mice that received iron nanoparticles
in different doses, serum concentrations of AST,
ALT, and ALP enzymes have significantly decreased
compared to the group receiving the trivalent iron
(P <0.05).

Therefore, in the present study, it can be
said that, unlike trivalent iron, detrimental and
destructive effects on serum level of liver enzymes
such as AST, ALT and ALP were not observed by
injection of the MC-ZVINP. In other word, it does

Nanomed Res J 5(2): 160-170, Spring 2020
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not only create any increase in the level of important
hepatic enzymes, but also can significantly modify
the destructive and additive effects of iron on these
enzymes. Because the first step in the diagnosis of
liver damage is to do a simple blood test showing
the presence of sensitive and high-consumption
liver enzymes such as AST, ALT, and ALP
aminotransferases. Under normal conditions, these
enzymes exist in the liver cells, but they enter the
bloodstream when the liver is damaged [34].
However, other studies reported this matter
that, serum levels of ALT and AST enzymes
are directly affected by poisoning with the iron
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nanoparticles [35].

Significant increase was observed in ALT, AST,
and ALP enzymes levels in the groups receiving
trivalent iron compared to the group receiving
normal saline. Investigation of the safety and
pharmacokinetics properties of iron particles
indicated that, ferumoxtran-10 particles can also
lead to alter liver enzymes [36].

Also, Briley et al. (2006) showed that, the high
concentrations of iron oxide nanoparticles can
have adverse effects on the liver function [37].

However, the study of Eslami et al. showed
that, the plant-case extract prevented the increase
of serum level of hepatic enzymes caused by iron
accumulation in the liver of thalassemia model
mice that have iron overload [26].

In this study, it was also found that, using the
plant-case for green synthesis of iron nanoparticles
have not led to an increase in liver enzymes and
somehow have prevented the increasing of these
enzymes through iron nanoparticles and have kept
them in lower level.

On the other hand, it has been clarified that,
the use of plant-case oily extract can significantly
reduce the increased serum level of liver enzymes
in the mice exposed to carbon tetrachloride [38].
Therefore, it can be deduced that, one of the reasons
for keeping the liver enzymes in low level, is due to
the use of the plant-Myrtus communis extract in the
synthesis of zero-valente iron nanoparticles.

Evaluation of Hematological Parameters

In examining red and white globules count
and blood hemoglobin rate (Fig. 4), the number
of red globules and blood hemoglobin as well as
blood platelets amount in the mice exposed to iron
nanoparticles with concentrations of 50 and 100
mg/kg/bw significantly increased compared with
the control group; however, number of the white
globules showed an statistical decrease in all three
doses (P <0.0001). There was significant change
in the number of lymphocytes in any of the iron
nanoparticles concentrations prescribed for mice
(p <0.01).

Numerous studies have investigated the effects
of various forms of iron nanoparticles, in the
studies that were conducted by Loeb et al. (2008) on
red blood cells, it was reported that, the iron oxide
nanoparticles have toxic effects, which depend on
how these nanoparticles enter in body as well as a
particle size and its chemical form [39]. In our study,
in general, no significant change was observed

Nanomed Res J 5(2): 160-170, Spring 2020
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in the number of blood platelets. In addition,
an increase was observed in the numbers of red
globules as well as the rate of hemoglobin at some
doses (P <0.01). Accordingly, this difference can be
due to the reduction of cell lysis and the protective
and coating role of the plant-Myrtus communis
[40], as in other studies, the protective role of
different coatings such as magnetic nanoparticle
coating with citric acid coating and magnetic
nanoparticle coated with silica has been reported,
which created no change in the percentage of blood
cells by passing one month after the treatment [41].

Histopathologic examination of the liver

Histopathologic results of mice liver tissue (Fig.
5b) showed that, severe inflammation was observed
in the trivalent iron receiving group with the
presence of hemosiderin pigments around the port
space compared to the control group. However,
mild and moderate inflammations were observed
in the liver of the mice receiving concentrations 100
and 200 mg/kg/bw iron nanoparticles compared to
the control group, Fig. (5d, e).

In this study, increase in the concentrations
of the synthesized iron nanoparticles has led to
more inflammation around the port space. The
concentration increase of hemosiderin, which
indicated an increase in iron deposition in the cell,
was also observed as dose-dependent. While, in the
prescription of trivalent iron, severe inflammation
of the liver was seen, especially in the areas around
the port.

Stability and integrity of hepatocyte membrane
are critical for liver functions, and chemical iron
oxide nanoparticles disrupt this stability and cause
the incidence of liver dysfunction with regard to
their physicochemical properties. It has been shown
that, accumulation of the nanoparticles in the liver
and lungs was observed with one time intravenous
injection of iron oxide nanoparticles into mice,
which indicated the extensive absorption of these
two organs [42]. On the other hand, some researchers
have examined liver tissue damages caused by the
iron oxide nanoparticles [43]. Studies have shown
that, MC-ZVINP cause a decrease in serum iron
concentration, which ultimately lead to a decrease
in tissue accumulation and subsequently decrease
the liver tissue damage [26]. Increasing the limited
hepatic inflammation observed in the present study,
can be due to the permeability of the nanoparticles
to the tissue, as confirmed by other studies. Among
the reasons mentioned for this damage, is the
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Fig. 5. Histopathologhy of liver sections from mice influenced by (A) Normal saline (control), (B) Fe** (200 mg/kg), (C) MC-ZVINP 50
mg/kg, (D) MC-ZVINP 100 mg/kg, (E) MC-ZVINP 200 mg/kg (Hematoxylin and Eosin staining, magnification x400).

production of active free oxygen species in the
presence of nanoparticles, which in its turn, can
cause damage to tissues, and it was also clarified
that, the rate of production of these free radicals is
dose-dependent [43-45]. On the other hand, the
plant-case has antioxidant properties caused by
the existence of phenolic compounds in its extract
[22]. Extract of the plant-Myrtus communis causes
the increased superoxide dismutase and catalase
enzymes, and on the other hand, by inhibiting free
radicals and increasing the glutathione level can
cause the inhibition of lipid peroxidation [22, 46] and
reduce the damage caused by free radicals produced
by zero-Valente iron nanoparticles [32]. With regard
to the known antioxidant and anti-inflammatory
properties of the plant [47], the observed decrease
in inflammation can be expressed by the presence of
biomolecules available in the extract of this plant in
the structure of MC-ZVINP.

CONCLUSION

In general, the results show that, iron
nanoparticles synthesized by green method using
plant-Myrtus communis extract have no significant

Nanomed Res J 5(2): 160-170, Spring 2020
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detrimental effects on the liver and cause no increase
in serum level of hepatic enzymes, as well as having
no significant effects on blood parameters.
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