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Introduction: In the last decades, magnetic nanoparticles have been considered and are being 
studied for employment in tumor therapy and imaging. Also, alongside their utilization in the 
role of MRI contrast factors, investigations of targeting tumor cells with biomolecules like 
anticancer drugs, antibodies, and siRNA, the utility of magnetic nanoparticles is evaluated. 
This preliminary work aimed to investigate the effects of iron oxide NPs on embryo growth 
and development with an emphasis on brain morphology and teratogenic effects. 

Methods: After recognizing the air sac with candling, one hundred sixty fertile eggs of the Ross 
308 broiler strains were divided into 8 groups (n=20). Group 1 (control) received 0.3 mL serum 
normal. Groups 2, 3, and 4 received iron oxide nanoparticles as maghemite with doses of 100, 
250, and 500 ppm, respectively. Groups 5, 6, 7, and 8 received iron oxide NPs as magnetite 
with doses of 100, 250, 500, and 2500 ppm, respectively. Twenty days after injections, death 
day, chicken, brain, liver, heart, bursa of Fabricius, and spleen weights and teratogenic samples 
were recorded, and brain tissues from all chickens were collected for histological evaluations. 

Results: The results demonstrated that iron oxide NPs had teratogenic effects such as the 
lack of formation of abdominal wall muscles and exposing the heart out of the thorax. Also, 
alterations were observed in the weight ratio of the liver, spleen, and bursa of Fabricius in 
experimental groups compared to the control group. In the microscopic assessment of the brain 
tissue, hyperemia, neuronophagia, edema around vessels, necrosis, and vacuolation of neurons 
were noticeable. 

Conclusion: It can be concluded that iron oxide NPs affect the growth and development of 
embryos and can cross the BBB and penetrate the brain tissue by affecting brain morphology.
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1. Introduction

ron oxide nanoparticles are located on the 
earth’s exterior and are mostly noted as mag-
netite (Fe3O4) and maghemite (Fe2O3). Nano-
crystals are the conformation of iron oxide 
NPs utilized in energy, medical, and environ-

mental applications. These nanocrystals are synthesized 
and originate from volcanic eruptions, traffic and indus-
try wastages, and fires [1-9].

More than that, iron oxide NPs are incrementally uti-
lized in sewage clean-up [8, 10-12]. The cause of sur-
rounded magnetite nanoparticles in a zeolite host was the 
effortless manipulation of large particles and employ-
ing them for attaching and eliminating ionic pollutants 
in the role of ion exchangers [13] or declining the bio-
availability of heavy metals in the polluted ground [14]. 
Moreover, using as an adsorbent factor in pharmaceuti-
cal outcomes is the utilization of iron oxide NPs merged 
in zeolite [15]. In the last twenty years, Magnetic NPs 
(MNPs) have been considered and are being studied for 
employment in tumor therapy and imaging [16]. Also, 
alongside their utilization in the role of MRI contrast fac-
tors in the investigations of targeting tumor cells with 
biomolecules like anticancer drugs, antibodies, and siR-
NA, the utility of MNPs is evaluated [17-20]. The desir-
able toxicity characteristics and competency of crossing 
the blood-brain barrier (BBB) cause iron oxide-based 
MNPs to be an appealing Nano platform for malignant 
brain tumor therapy [21]. US FDA-approved formula-
tions of iron oxide-based MNP are in clinical employ for 
abdominal imaging [22], and the investigations of their 
usage in brain tumors continue to be researched. iron 
oxide-based MNPs have indicated enormous capacity as 
T1 or T2 contrast factors in MRI imaging [23, 24] with 
superparamagnetic iron oxide-based NPs as the most 
commonly explored type of MRI contrast factors [25].

The probability of applying ingrained forms of nanopar-
ticle ingredients has been presented. Nanoparticles have 
special and unexampled physiochemical characteristics 
due to their tiny size (<100 nm), high surface-to-mass ratio, 
singular quantum features [26], and, therefore, exclusive 
biological attributes. Crossing through cellular and nuclear 
membranes is a special feature of smaller nanoparticles, 
and they can perforate cells and intracellular constructions 
and aim at delineated points within the body [27].

The conception period corresponds to a critical moment 
because of restructuration procedure incidence at both 
molecular and cytological levels. Therefore, organism 
formation is sensitive to any substance that may cause 

modifications. In addition, because of the uttermost de-
cline in their sizes, NPs can perforate to the biological 
barriers and cellular membranes, affecting the viability 
of the reproductive cells and embryo development [28].

Although documentation of the outcomes of inserting 
Platinum nanoparticles into an organism is not yet well, 
even extremely tiny amounts of nanoparticles or un-
bound ions may defeat the BBB and influence the BBB 
and brain performance after penetrating the brain tissue. 
Also, some reports indicated that cell death by apoptosis 
in the brain tissue may be caused by diverse types of 
nanoparticles in different sizes (20 to 300 nm) and con-
structed from various materials [29].

The hypothesis of this experimental study was that iron 
oxide NPs may affect the growth and development of 
embryos and can cross the BBB and cause morphologi-
cal alterations in brain tissue. Consequently, the objective 
of this preliminary study was to investigate the effects of 
iron oxide NPs on embryo growth and development with 
an emphasis on brain morphology, concerning their po-
tential applicability in brain cancer therapy.

2. Materials and Methods

For this experimental study, in a completely random-
ized design template, 160 fertile eggs of the Ross 308 
broiler strains at 49 weeks of age with 65 gr weight mean 
were bought out from Chicken Complex Tabriz (Ilkhchi) 
Motherhood. After recognizing the air sac with candling, 
Fertile eggs were divided into 8 groups (n=20). The eggs 
were incubated in a setter at 37.4°C and 71-75% relative 
humidity and in a hatcher (three last days) at 37.1°C and 
75-81% relative humidity. Group 1 (control) received 
0.3 mL serum normal. Groups 2, 3, and 4 received iron 
oxide NPs as maghemite (Fe2O3) with doses of 100, 
250, and 500 ppm, respectively. Groups 5, 6, 7, and 8 
received iron oxide NPs as magnetite (Fe3O4) with doses 
of 100, 250, 500, and 2500 ppm, respectively. All injec-
tions were carried out on the first incubation day in 0.3 
mL of volume into the air sac with a 22-gauge needle. 
Doses of Nanoparticles were obtained in a pilot study. 
All substances were sterilized in an autoclave. Iron oxide 
NPs were prepared with 20-40 nanometers in size from 
Pishgaman Nano Mavad, Iran. Twenty days after injec-
tions, 20-day-old embryos were extracted from the eggs 
by the fraction of the calcic membrane. On death day, 
chicken, brain, liver, heart, bursa of Fabricius, spleen 
weights, and teratogenic samples were recorded, and 
brain tissues from all chickens were collected for his-
tological preparations. The brain tissues were fixed in a 
10% neutral formalin solution and routinely processed 
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for light microscopy and embedded in paraffin. Thin sec-
tions (5 μm) of the brain were cut using a microtome and 
stained with hematoxylin-eosin. After staining, the tissue 
sections were dehydrated in alcohol, cleared in xylene, 
and mounted in a resinous mountant (Canada Balsam). 
Histological analysis was performed under a light mi-
croscope (Diaphot, Nikon, Tokyo, Japan) equipped with 
a camera and the Axiovision software, version 4.8 (Carl 
Zeiss, Oberkochen, Germany) regarding the changes in 
different groups compared to the control group. The im-
ages were processed using Adobe Photoshop CS, ver-
sion 8.0 (Adobe system, San Jose, CA).

Statistical analysis

All data were expressed as the Mean±SD. The vari-
ables were analyzed by one-way ANOVA followed by 
Tukey’s test for post hoc comparisons using SPSS soft-
ware, version 18 (SPSS Inc, Chicago, Illinois, USA). 
The statistical significance level was set at P<0.05.

3. Results

Anatomical and embryological findings

Evaluation of teratogenic indices of iron oxide NPs as 
retaining out of the heart from the thorax, exposing of 
the digestive tract, and defects in the formation of the 
abdominal cavity wall indicated that in experimental 
groups 2-8, teratogenous embryos were significantly in-
creased in comparison with the control group (P<0.05). 
The most teratogenous embryos were observed in 
groups magnetite 100 and 500 and maghemite 500. 
Teratogenous embryos were lower in magnetite 250 and 
maghemite 250 groups (Figure 1A).

Investigation of 20 days’ age embryos viability per-
centage and death day of embryos showed no signifi-
cant difference between experimental and control groups 
(P>0.05). The highest viability percentage was in group 
maghemite 250 and the lowest one was magnetite 250 
(Figure 1B). In groups magnetite 500 and 2500, the em-
bryos were dead in the first days of the fetus (Figure 1C).

Figure 1. A) Teratogenous index, B) Viability percentage, C) Death day, D) Liver to fetal body weight ratio
All data were represented as the mean. The statistical significance level was set at P<0.05. Different superscripts denote statisti-
cal difference at a P<0.05.
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The liver-to-fetal body weight ratio assessment re-
vealed that the liver in the control group was smaller than 
in other groups. Also, the mentioned ratio in the control 
group was significantly low compared to magnetite 100 
and 250 and maghemite 100 and 250 groups (P<0.05). 
The highest liver-to-body weight ratio was observed in 
group maghemite 250, which showed a significant in-
crease compared to control and magnetite 500 groups 
(P<0.05) (Figure 1D).

The spleen to fetal body weight ratio in experimental 
groups was decreased compared to control groups, but, 
statistically, there was a significant difference between 
control and maghemite 250 and 500 groups (P<0.05). 
The lowest weight of the spleen was seen in the ma-
ghemite 500 group, which had significant contrast com-
pared to the maghemite 100 group (P<0.05) (Figure 2A).

The highest heart-to-fetal body weight ratio was ob-
served in the maghemite 100 group and the lowest one 
was for magnetite 2500. However, there was not any sig-

nificant difference between all groups in terms of heart-
to-fetal body weight ratio (P>0.05) (Figure 2B).

The bursa Fabricius to fetal body weight ratio assess-
ment showed that the highest rate belonged to the ma-
ghemite 100 group, which had a significant difference in 
comparison with all groups except magnetite 2500 and 
maghemite 250 (P<0.05) (Figure 2C).

The brain-to-fetal body weight ratio was lowest in the 
control group, which had a significant difference com-
pared to the magnetite 100 and 250 and maghemite 100 
and 250 groups (P<0.05). The highest level of the men-
tioned ratio was detected in the maghemite 250 group, 
which had a significant difference compared to the con-
trol and magnetite 2500 groups (P<0.05) (Figure 2D).

 Histological findings

In all maghemite and magnetite groups, edema, necro-
sis, and vacuolation of neurons were distinct (Figures 

Figure 2. A) Spleen to fetal body weight ratio, B) Heart to fetal body weight ratio, C) Fabricius to fetal body weight ratio, D)
Brain to fetal body weight ratio
 All data were represented as the mean. The statistical significance level was set at P<0.05. Different superscripts denote statisti-
cal difference at a P<0.05.
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3 and 4). Hyperemia was distinguished in magnetite 
250, 500, and 2500 and maghemite 100 and 250 groups 
(Figures 3B, 3C, 3D, 4 and 6). In groups, magnetite 250 
and 2500 and maghemite 250, centered chromatolysis 
was recognizable (Figures 3B, 4, and 6). Neuronopha-
gia was seen in magnetite 250 and 500 and maghemite 

100 and 250 groups (Figures 3B, 3C, 3D, and 4). Also, 
edema around vessels was detectible in magnetite 500 
and maghemite 100 groups (Figures 3C and 3D). Satel-
litosis was recognized in maghemite 250 and 500 groups 
(Figures 4 and 5). Additionally, maghemite 100 and 250 

Figure 3. A) Magnetite 100 group, neurons around edema (red arrow) and neuronal necrosis (black arrow), 400 X; B) Magnetite 
250 group, neuron around edema (black arrow), neuronal necrosis (red arrow) and hyperemia in large vessels (red arrowhead), 
200 X; C) Magnetite 500 group, neuronal vacuolation (black arrow) with hyperemia in large vessels (black arrow), 200 X; D)
Maghemite 100 group, mildly outspread necrosis of neurons (black arrow), neurons around edema (red arrow) 
200 X, H & E staining.

Figure 4. Maghemite 250 group, slight necrosis of neurons (black rectangular), neuron around edema (black arrow)
 200 X, H & E staining. 
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groups showed the probability of apoptosis (Figures 3D 
and 4).

Macroscopical findings of teratogenous samples

Teratogenous samples in macroscopy and anatomical 
investigations had 3 types of explicit defects: A) Lack of 
formation of abdominal wall muscles (Figure 7A and 8), 
B) Exposing the heart out of the thorax (Figure 7B and 
8), C) Wings and legs had grown disproportionately and 
had anatomical deformities (Figure 7C).

4. Discussion 

In this study, iron oxide NPs such as maghemite and 
magnetite cause alterations in brain tissue and some 
abnormality in the embryo. Also, iron oxide NPs made 
considerable changes in the rate of some internal organs 
to total body weight. Among many known nanomate-
rials, magnetic nanoparticles have a special place and 
are highly regarded. Magnetic materials respond to the 
magnetic field; however, the relative toxicity is a major 
concern in applying magnetic nanoparticles. Nanomag-

Figure 5. Maghemite 500 group, necrosis of neurons (black arrow), neurons vacuolation (red arrow)
200 X, H & E staining 

Figure 6. Magnetite 2500 group, necrosis of neurons (black arrow), centered chromatolysis (black rectangular)
200 X, H & E staining.
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netic’s toxicity is related to dose, chemical composition, 
size, structure, solubility, surface chemistry, biological 
analysis, etc. [30].

 The low toxicity of iron oxide NPs, especially mag-
netite, and their ability to cross the blood-brain bar-
rier (BBB) make them the appropriate choice as a Nano 
platform for treating malignant brain tumors. Also, the 
unique magnetic characteristics of magnetites can be us-
able along with a safe magnetic field to produce topical 

hyperthermia for thermotherapy and magnetic targeting 
of malignant brain tumors [31].

Morphologically, iron oxide NPs include a nucleus 
and shell. Iron oxide (usually magnetite or maghemite), 
which makes the nucleus and the shell, contains an en-
vironmentally friendly material such as polysaccharide, 
synthetic polymer, lipid, or protein [32]. For the applica-
tion of iron oxide NPs in imaging and treatment, we need 
a particular surface coating which is non-toxic and bio-
logical and obtains targeted delivery with particle mech-

Figure 7. A) Lack of formation of abdominal wall muscles, B) Exposing the heart out of the thorax, C) Wings and legs had 
grown disproportionately and had anatomical deformities

Figure 8. Graphical abstract

Akbari GH, et al. Iron Oxide Nanoparticles Effects on Embryo. ASJ. 2022; 19(2), 89-100.89-100.

http://anatomyjournal.ir/


96

Summer & Autumn 2022, Volume 19, Number 2

anized in a specific area [7]. The final hydrodynamic 
size of iron oxide NPs plays an important role in their 
application because it may be difficult to target malig-
nant brain tumors with nanoparticles larger than 100 nm.

Exposing cells to NPs may cause intercellular adhesion 
changes, affecting cell characteristics like morphology, 
cellular skeleton, separation, and even cell survival. For 
example, magnetic iron oxide NPs without surface mod-
ification (with 50 nm diameter approximately) reduced 
the cellular adhesion by 64% compared to iron oxide 
NPs coated by polyethylene glycol (PEG). The func-
tional metabolism of NPs and the function of magnetic 
NPs with different coatings are various. Uncoated NPs 
are more toxic than coated NPs; however, the type of 
coatings affects toxicity. For example, NPs coated with 
polyethylene glycol or albumin have lower toxicity than 
those coated with dextran [33].

Although in vitro measurement of magnetic nanoparti-
cles toxicity on various cells confirms basic information 
on the safety of these nanoparticles, these tests do not 
provide the inside of the body. Also, it can be mentioned 
that in vitro cellular toxicity may be higher than in vivo, 
because, in cell cultures, NPs and their destroyed prod-
ucts which affect cell viability, remain in close contact 
with the cells and show continuous effects of toxicity 
[34].

Prasek et al. [35] investigated the effects of platinum 
NPs on chicken embryo growth and brain morphology 
and showed that these NPs had no effects on embryo 
growth but caused a decrease in the number of prolifera-
tive cells in the brain tissue. The results of this experi-
mental study verify them. Also, in this research, iron ox-
ide NP had no effects on embryo growth in experimental 
groups and revealed edema around neurons and necrosis 
in the brain, and in terms of weight, experimental groups 
had an increase in comparison with the control group.

Pineda et al. [36] evaluated copper NPs’ effects on 
chicken embryo metabolism over several days and dis-
played that oxygen consumption in experimental groups 
decreased remarkably compared with the control group. 
Also, the weight of internal organs such as the liver, 
heart, and intestine was lower in the experimental groups. 
However, the concentration level of immunoglobulins 
and gene expression did not change. On the contrary, the 
present study revealed that the lowest liver weight in the 
control group and the heart-to-fetal body ratio did not 
show significant differences between groups.

Taze et al. [37] studied the effects of iron oxide NPs 
and iron oxide NPs coated with zeolite on the Mediter-
ranean mussel (Mytilus galloprovincialis) and recorded 
physiological changes caused by oxidative stress in he-
mocytes of treated mussels in comparison with the con-
trol group. Finally, they revealed that using NPs in medi-
cine and the environment requires additional research 
to confirm the safety of these nanoparticles. According 
to the recorded toxicity and teratogenicity of iron oxide 
NPs in the present study, to use these NPs, further stud-
ies with low doses should be carried out to determine the 
safety margin of iron oxide NPs.

Abdolmaleki and Zahri [38] investigated the terato-
genic and cellular toxicity effects of the Salen Vanadium 
Oxide (VOS) complex on the chicken embryo, hepato-
cytes, and fibroblasts. They reported that in low concen-
tration levels of the VOS complex did not have any re-
markable toxic effects on the embryo but extraordinarily 
affected the cell proliferation, which antiproliferative 
effects of this complex on fibroblastic cells were more 
than hepatocytes. In contrast with the above study, in this 
research, low concentration levels like high concentra-
tion levels made teratogenic effects, which most likely 
can be caused by the very small size of iron oxide NPs 
that even at low concentration levels can be effective due 
to easily crossing the biological barrier of animal cells.

Zhao et al. [39] said that iron oxide NPs have caused 
changes in the internal structure of amino acids. Also, 
they noted that iron oxide NPs and their hydrates have 
low toxicity. Changes in amino acid’s internal structure 
can be a reason for toxicity and teratogenicity in this 
study. Also, in this study, like Zhao et al., the toxicity of 
iron oxide NPs was proved, which appeared in the brain 
as edema around neurons, neuronophagia, etc.

Nori et al. [40] investigated the short-term effects of 
iron oxide NPs on the liver and kidney of rats and re-
vealed that short-time consumption of iron oxide NPs 
made no certain toxicity in the body. These consequenc-
es are contrary to the results of the present experimental 
study on the liver, which can be attributed to the differ-
ence in the time of iron oxide NPs consumption or high-
er liver capacity of rats against iron oxide NPs toxicity 
compared with chicken embryo liver.

Hajirahimi et al. [41] showed that iron oxide and zinc 
NPs had adverse tissue effects on the liver of living or-
ganisms even at low levels but improved growth indices 
of rainbow trout. This study verifies the toxic impact of 
iron oxide NP in the liver as present investigation. But, in 
the present study, improved growth indices were not ob-
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served, which can be related to the difference in growth 
between embryo and infant.

The toxic effects of iron oxide NPs coated with hydro 
extract of brown algae on ovarian cancer cells were 
investigated by Namvar et al. [42]. This study showed 
that brown algae extract was an appropriate alternative 
for stabilizing and resuscitating colloid solution of iron 
oxide NPs, which induces an apoptotic effect on the 
A2780cp cell line and makes these NPs a relevant thera-
peutic option for ovarian cancer. In the current evalu-
ation, the apoptotic effects of iron oxide NPs in brain 
tissue appeared in maghemite 100 and 250 groups. Ac-
cording to Namvar et al. [42] study, iron oxide NPs can 
be used for inducing apoptosis in tumor cells. 

 In conclusion, nanoparticle usage has disparate con-
sequences. Because of their tiny size, they can cross 
through membranes and affect cells. Therefore, finding 
safe doses of nanoparticles needs more investigation. In 
this experimental study, iron oxide NPs affect the growth 
and development of embryos and can cross the BBB and 
penetrate the brain tissue, affecting brain morphology.
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