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Abstract 
Objective: Magnetite Nanoparticles (MNPs) have been widely used as contrast agents and have promising approaches in ane-
mia treatment of pregnant women. The aim of the present study was to detect the teratological, genotoxic effects of MNPs in 
the maternal, embryos and fetal liver or brain tissues and to investigate their effects on the expression of Pax-1 & Tgfb2 genes 
associated with the skeletal development. 

Methods: Pregnant albino rats were administered orally with low and high doses of MNPs. Teratogenic analysis was performed 
on 20 days old fetuses, while DNA damage was assessed in the maternal liver and brain tissues, whole 14 days old embryos 
and in the liver tissues of 20 days old fetuses. In addition, gene expression of Pax1 and Tgfb2 was evaluated in 14 days old 
embryos. 

Results: MNPs administration resulted in mild and severe effects on the skeletal formation in the developing fetuses. Comet 
assay showed significant DNA damage in the maternal and fetal liver tissue and in the 14 days old embryos. The expression of 
Tgfb2 and Pax-1 genes was significantly down regulated in the skull and vertebral column tissues of 14 days old embryos after 
MNPs treatment. 

Conclusions: High doses of MNPs revealed some teratogenic and genotoxic effects and, hence, they should be administered 
with more care for the anemic pregnancy cases. However, Future investigations regarding MNPs’ effects on the other develop-
mental genes before further medical administrations are warranted. 

Keywords: Comet Assay; Gene Expression; Magnetite 
Nanoparticles (MNPs); Pax-1; Tgfb2; Rats; Teratogenicity

Introduction
Fe3O4 Magnetite Nanoparticles (MNPs) possess unique 

physiological properties, including super-para magnetism. They 
have a number of interesting applications, particularly in the 
field of biomedical science such as drug delivery [1-4], contrast 
agents [5-7] and magnetic hyperthermia [8-10]. The World Health 
Organization (WHO) assessed that 41.8% of pregnant women 

were anemic due to iron deficiency [11], so low dose of MNPs (10 
mg/kg) may offer some benefits to anemic mothers and developing 
fetuses [12]. Nevertheless, despite the numerous MNPs purposes 
being explored, currently available information on their potential 
toxicity is still controversial. 

A study on the potential genotoxic effects of MNPs and showed 
DNA-protein crosslinks and oxidative DNA damage (8-hydroxyl 
deoxyguanosine) in hepatic and renal tissues of Kunming mice 
treated daily for 1 week with MNPs [13]. Moreover, examination 
of the genotoxic effects of MNPs in mice intratracheally instilled, 
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obtained significant increase in DNA adduct levels, DNA breaks 
and oxidative stress in the treated animals [14].  Similar genotoxic 
effects were detected using comet assay after MNPs treatment 
in alveolar A549 and bronchial epithelial BEAS-2B cells [15], 
embryonic kidney HEK-293 cells, peripheral blood lymphocytes 
[16], skin epithelial A431 cells [17], primary human leukocytes 
and human lymphoblastoid TK6 cells treated with oleate-coated 
nanomagnetite [18].  On the other hand, no in vitro DNA damage 
could be detected in different cell types [18-21]. 

Although MNPs showed no effects on fertility or early 
embryonic development, mild maternal toxicity and major fetal 
skeletal malformations were described in rabbits and rats treated 
with ferumoxtran-10 [22]. Recently, several doses of positively 
charged nanoparticles given for many days caused a significantly 
increased fetal death and iron accumulation in the liver and 
placenta of fetuses [23]. The same author showed that a high dose 
of MNPs induced fetal losses and morphological alternations of 
the uteri and testes of surviving offspring. 

In mice, Pax-1 is essential for the construction of specific 
skeletal structures and for normal vertebral column development 
along the whole axis. Vertebral bodies and intervertebral discs 
were missed in Pax-1-deficient mice; the rib homologues and the 
proximal part of the ribs were lost as well or harshly malformed 
[24]. Pax-1 plays a redundant synergistic function in the 
sclerotomal cells’ modeling and differentiation, that lead to the 
formation of Intervertebral Discs (IVD and vertebral bodies of the 
axial skeleton [25]. 

Tgfb2 gene expression is seen at the level of embryogenesis 
in several tissues as well as in precartilaginous blastema and 
a later growth zone of long bone, which indicates the effect of 
Tgfb2 on the skeletal formations [26,27]. Reduced Tgfb2 gene 
expression leads to developmental disorders concerning mainly 
facial skeleton, organs of vision and hearing, vertebral column or 
cardiovascular system [28]. 

Nevertheless, investigations of acute toxicity, reproductive 
toxicity and genotoxicity in diverse animal models resulted in 
unclear indication of MNPs safety until now, and epidemiological 
reports are nearly inexistent. The aim of the present study was to 
detect the teratological, genotoxic effects of MNPs in the maternal, 
embryos and fetal liver or brain tissues and to investigate their 
effects on the expression of Pax-1 and Tgfb2 genes associated with 
the skeletal development. 

Material and Methods
Chemicals 
Nanopowder, black, solid. Fe3O4 MNPs (≤ 20 nm) was obtained 
from Nanotech Egypt company for Photo Electronics (Cairo, 
Egypt). All other chemicals were of analytical grade and were 

purchased from Sigma-Aldrich (St. Louis, MO, USA). Other 
molecular kits are listed elsewhere. Physico-chemical properties of 
magnetite nanoparticles were characterized using High-Resolution 
Transmission Electron Microscope (HR-TEM, FEL, Tecnia G20), 
X-ray Diffraction (XRD, PanAnalytical, X pert Pro) and vibrating 
Sample Mgnetometer (VSM, Lakeshore 7410).

Experimental Animals
The present experimental study was carried out on 30 female 

Albino rats (Rattus norvegicus). The protocol was approved by the 
Institutional Animal Care and Use Committee (IACUC), Faculty 
of Science, Cairo University, Egypt (CUIF 6817). Females of 
11-13 weeks old were selected for the present study and vaginal 
smears were prepared every morning and examined under the 
light microscope according to the method of [29] for 5 days to 
select those in the proestrus. Two females with regular estrus cycle 
were selected and caged together with one male overnight under 
controlled environmental conditions of temperature, humidity and 
light. The first day of gestation was determined by the presence of 
sperms in the vaginal smear [30].

Experimental Design
100 or 150 mg/kg/b,w of MNPs were suspended in 1ml 

distilled water. The suspensions were ultrasonicated before they 
were used to treat animals to avoid aggregation and provide 
an optimum size distribution for dispersed particles. In all 
experimental groups, MNPs were orally administered from 8th to 
the 13th or 16th day of gestation as the organogenesis period starts 
from 6th and ends at 15th day of gestation [31]. The animals were 
categorized into two main groups (A and B) according to the period 
of treatment and each group was divided into three subgroups (5 
rats/group) as follows:

Group A14: Pregnant rats were orally administered MNPs daily 
from the 8th to the 13thday of gestation. Then, rats were sacrificed 
on day 14 of gestation (24 hours after last treatment). This group 
includes three subgroups.

A14C: Representing the control group where pregnant rats were 
orally administered distilled water.

A14T1 (low dose group): Pregnant rats were orally administered 
100mg /kg bw of MNPs.

A14T2 (high dose group): Pregnant rats were orally administered 
150mg /kg bw of MNPs.

Group B20: Pregnant rats were administered MNPs daily from the 
8th to the 16thday of gestation. Then, rats were sacrificed on day 20 
of gestation. This group includes three subgroups: 

B20C: Representing the control group where the pregnant rats were 
orally administered distilled water. 
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B20T1 (low dose group): Pregnant rats were orally 
administered100mg /kg bw of MNPs.

B20T2 (high dose group): Pregnant rats were orally 
administered150mg /kg bw of MNPs.

Tissue Distribution of Iron Oxide Nanoparticles 
Using specific iron Prussian blue method [32], the 

accumulation of iron oxide nanoparticles appeared as dark blue 
grains under the light microscope. The distribution of iron oxide 
nanoparticles was evaluated in maternal liver and brain and 
embryonic liver tissues. Maternal liver and brain tissues, embryonic 
and fetal liver tissues were fixed in 4% paraformaldehyde buffered 
solution for 8 h, then the organs were dehydrated through serials of 
ethanol dilutions (70%, 80%, 90% and 100%), clarified in xylene 
and finally embedded in paraplast. Serials sections were cut at 5µm 
thickness and stained with Prussian blue method. 

Teratological Parameters
Weights of 20 days fetuses and placenta.•	

Length of 20-days fetuses. •	

Placental coefficient•	 (weight of placenta/weight of fetus), was 
recorded on day20 of gestation.

Skeletal examination: 20 days old fetuses were preserved in •	
100% ethyl alcohol and were stained with double staining of 
fetal skeletons for cartilage (Alcian blue) and bone (Alizarine 
red) according to the method described by Whitaker and Dix 
(1979).

DNA Damage Analysis by Comet Assay
The Single Cell Gel Electrophoresis (SCGE)/ alkaline comet 

assay was performed according to the method described by [33]. 
It was carried out using brain and liver tissues of pregnant rats, 
whole body of 14 days old embryos and liver tissue of 20 days old 
fetuses from the control and all the treated groups.

The fluorescent microscope (Carl Zeiss Axioplan with 
epiflourescence using filter 15 BP546/12, FT580 and LP590 was 
used to examine the slides. The extent of DNA migration for 
each sample was determined by simultaneous image capture and 
scoring of 50 cells at magnification 400x using Comet 5 image 
analysis software developed by Kinetic Imaging, Ltd. (Liverpool, 
UK). The images of comets were captured using a Closed-Circuit 
Digital (CCD) camera.

Pax-1 and Tgfb2 Gene Expression Analysis 
RNA Extraction and cDNA Synthesis

Total cellular RNA was extracted from each frozen tissue 
sample using Gene JETTM RNA extraction Kit (Thermo 
scientific, USA) following the manufacturer`s instructions and 

was stored at -80°C. RNA sample quality was assessed prior to 
cDNA synthesis by separation through agarose gel electrophoresis 
and staining with ethidium bromide. Total RNA concentration 
were determined by measuring the absorbance at 260 nm using 
a UV spectrophotometer, and were used as templates for efficient 
synthesis of first strand cDNA by using RevertAid TM first Strand 
cDNA Synthesis Kit (Thermo Scientific, USA). Oligo (d T) 

Quantitative Real-Time Polymerase Chain Reaction (q RT- 
PCR)

Reverse transcribed cDNAs were quantified by real-
time PCR. Amplification of Pax-1, Tgfb2 and Gapdh genes was 
performed using SYBR green- based real-time PCR and was 
detected with 7500 Fast system (Applied Biosystem 7500, Clinilab, 
Egypt). For each PCR reaction, a mixture of total volume 25 µl 
contained 12.5 µl 2x Quanti Tect SYBR Green PCR Master Mix 
(Qiagen Inc, Valencia, USA), 2.5µL newly synthesized cDNA, 1 
µL primer mixer and 8 µl PCR grade water. The thermal cycling 
condition comprised an initial heat activation step at 95°C for 15 min 
followed by 40 cycles of denaturation at 95°C for 15 s, annealing 
and elongation at 60°C for Pax-1 and Gapdh, 61°C for Tgfb2 for 1 
min. The primer sequences used were designed using NCBI primer 
blast and stated in table 1. Each sample was prepared as triplicate 
for each one of the three genes. All signals were normalized to 
mRNA levels of the house keeping gene Gapdh, and expressed as 
RQ=2-ΔΔCt. Results were reported as Mean Standard Error (SE) 
of relative change compared to the untreated control [34].

Gene Sense 5` - 3` Antisense 5` - 3` Product 
size (bp)

Gapdh CCGCATCTTC
TTGTGCAGTG

GGTAACCAGG
CGTCCGATAC 93

Pax-1 AGTCAGCAACA
TTCTGGGCA

CCATTCACTG
CTGACGAGGT 144

Tgfb2 CTTTGGATGCC
GCCTATTGC

CCCCAGCACAG
AAGTTAGCA 138

Table 1: Primer sequences for Gapdh, Pax1 and Tgfb2 rat embryos 
cDNAs.

Statistical Analysis
The present data were analyzed by the aid of statistical 

package for the social science software (SPSS) version 18.0. 
Student`s t- test was used to illustrate mean value of weight and 
length of fetuses, weight of placenta and placental coefficient. 
The results for Student`s T-test or Analysis of Variance (ANOVA) 
was used to illustrate gene expression results and different comet 
parameters among groups. The results for the mRNA expression 
were represented compared to the control group as mean±Standard 
Error (SE) for three replicates [35]. P-value ≤ 0.05 was considered 
as statistical significance. 
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Results
Characterization of the Magnetite Nanoparticles

The HR-TEM image of the magnetite nanoparticles showed that the particles have average size of 20±2.0 nm with spherical shape 
(Figure 1, A). XRD phase analysis confirmed the phase formation of MNPs (Figure 1, B). VSM generated a hysteresis loop from which 
the saturation magnetization (Ms) was calculated under magnetic field lower than 20,000 Oersted (Oe) (Figure 1, C). The saturation 
magnetization of the product is 4.6 emu/g. The small saturation magnetization in our case is most likely attributed to the much smaller 
size of MNPs. 

Figures 1(A-C): A. HR-TEM image of the prepared MNPs shows that MNPs have spherical shape with average size around 20nm. B. A graph 
represents the XRD pattern of synthesized MNPs shows the formation of Fe3O4 based on comparison with their XRD patterns and the standard pattern 
of Fe3O4 04- 013-9809. The diffraction peaks are identical to characteristic peaks of the Fe3O4 crystal as cubic spinal structure. C. Hysteresis loop 
obtained from VSM measurements of synthesized MNPs.

Tissue Distribution of MNPS in Maternal, Fetal and Embryonic Tissues
MNPs were detected in the maternal brain and liver tissues (Figure 2 (A&B)), liver tissues of 14 days old embryos and 20 days 

old fetuses (Figure 2 C) as dark blue grains. 
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Figures 2(A-C): A. Photomicrographs of sections of maternal brain tissues stained with Prussian blue stain showing distribution of MNPs. A1: A14T1
group (x300), A2: A14T2 (x 300), A3: B20T1 (x 200) and A4: B20T2 group (x200). B. Photomicrographs of sections of maternal liver tissues stained with 
Prussian blue stain showing distribution of MNPs. B1 &B2: showing accumulation of MNPs in the blood vessels of the liver tissue of a pregnant rat of 
A14T1 & A14T2groups (x300) respectively. B3 and B4 showing accumulation of MNPs in the blood vessel, sinusoids and hepatocytes in the liver tissue of 
pregnant rats in (B20T1 (x200) & B20T2 (x200) respectively. C. Photomicrographs of sections of embryos and fetuses’ liver tissues stained with Prussian 
blue stain. C1&C2: showing accumulation of MNPs in the sinusoids, hepatocytes and blood vessels in the liver tissues of embryos of A14T1 (x400) & 
A14T2 (x400) respectively. C3 &C4: showing numerous scattered MNPs in the hepatocytes, sinusoidal spaces and inside the central veins in the liver 
tissue of fetuses of B20T1 &B20T2 (x 400) respectively.

Teratological Parameters 
Changes in weight gain of fetal body and placenta, fetal length 

The results showed that there was no statistical significant difference (P≥0.05) in the mean value of fetuses’ weight in B20T1 (42±1) 
and in B20T2 (29±1) groups when compared to the control group (54±1) (Table 2). In addition, there was a significant increase (P˂0.01) 
in the mean value of placental weight and placental coefficient in the treated groups when compared with their corresponding values in 
the control group (Table 2). 

Regarding fetal length, on day 20 of gestation, there was a statistical significant decrease in the mean value of fetal length in B20T2 
group when compared to their corresponding values in the control group (Table 2). 

Parameters B20C B20T1 (100mg/kgbw) B20T2 (100mg/kgbw)

Average number of living fetuses / per five mothers 8.60±0.89 2.28±0٭5.8 1.60±0٭5.4

Average number of dead fetuses/per five mothers 0.20±0.44 0.80±1.30 1.34±٭1.4

Average number of placenta/per five mothers 8.80±0.83 1.14±0٭٭6.6 3.03±0٭٭6.8

Average weight of fetuses 2.50±0.35 2.38±0.52 2.18±0.08

% of change -4.8 -12.8

Average weight of placenta 0.44±0.08 0.11±٭٭0.66 0.04±٭٭0.72

% of change 50 63.63
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Placental coefficient 0.18±0.01 0.01±٭٭0.28 0.01±٭٭0.33

Average body length of fetuses 3.24±0.23 3.08±0.37 0.17±٭2.98

% of change -4.93 -8.02

Data are represented as mean±Standard Deviation (SD). The values are considered significant at *P ≤ 0.05 and **P≤ 0.01 compared to the control 
group

Table 2: Effect of MNPs on the average number of living fetuses / per five mothers, weight gain of fetuses and placenta at the 20th day of gestation. 

Skeletal Anomalies 
B•	 20C group: The cleared chondrification and bone preparation 
of control rat fetuses indicated complete chondrification and 
ossification in all parts of the axial skeleton (skull, vertebrae 
and ribs), as well as appendicular skeleton (fore and hind 
limbs, pectoral and pelvic girdles). Cranium of control fetuses 
revealed well ossification (Figures 3, A1, and B1&C1). The 
sternum showed well ossified segments (Figure 4A1). The 
vertebral column was well ossified (Figure 4B1). Fore limb 
skeleton was well developed (Figure 4C1). Pelvic girdle and 
hind limbs were well ossified (Figures 5A1&B1). 

B•	 20T1 group: Fetuses from pregnant rats of this group showed 
less ossification in the frontal, parietal and interparietal bones, 
supra occipital, ex occipital and occipital condyles bones 
(Figures 3, A2, B2 & C2). Some segments of the sternum 
remained cartilaginous (Figure4A2). No malformations could 
clearly have detected either in axial or in the appendicular 
skeleton. 

B•	 20T2 group: Skeletal malformations were observed in 20 
days old fetuses demonstrated by less ossification with high 
porosity in the frontal, parietal and interparietal bones. A 
large suture was detected between the two parietal bones, and 
a large portion of parietal and interparietal bones remained 
cartilaginous (Figure 3A3, 3B3). Absence of ossification 
center in the supra occipital and lack of ossification in the 
supra occipital, ex-occipital and occipital condyles bones 
were detected (Figure 3C3). A delay in the ossification of 
large portion of supra occipital bone was observed (Figures. 
3B3, 3C3). Large number of sternal segments remained 
cartilaginous (Figure 4A3). Most neural arches and centers 
of vertebrae were less ossified with presence of wavy ribs 
(Figure 4B2). Incomplete ossification was demonstrated in the 
humerus, radius and ulna. Absence of the third metacarpal was 
also explored (Figure 4C2). Some portions of ileum, ischium 
and pubis remained cartilaginous. Only three sacral vertebrae 
were present, and all caudal vertebrae remained cartilaginous 
(Figure 5A3). Less ossification the femur, tibia and fibula 
were detected and the third metatarsal remained cartilaginous 
as well (Figure 5B2).

Figures 3(A-C): A. Photographs of the cranium of rat fetuses (Lateral 
view) at the 20th day of gestation stained with Alizarin red-S and Alcian 
blue. A1; control group showing well ossification of Frontal (F), Parietal 
(P), Interparietal (IP), Na =Nasal, Mx=Maxilla and Mn=Mandible (x3.2), 
A2 B20T1 group; showing less ossification of the frontal, parietal and 
interparietal bones (x3.3), A3; Showing abnormalities of B20T2 group 
including less ossification and porosity of parietal and interparietal bones 
with large Suture (S) between two parietal bones (x3.7).  B. Photographs 
of the cranium of rat fetuses (dorsal view) at the 20th of gestation stained 
with Alizarin red-S and Alcian blue. B1; control group (x5.3), B2; B20T1 
group showing less ossification and porosity of the frontal, parietal and 
interparietal bones with large Suture (S) between two parietal bones (x6.2), 
B3; A large portion of parietal, interparietal and supra occipital bones 
remain cartilaginous in B20T2 group (x5). C. Photographs of the occipital 
region of rat fetuses at the day 20th of gestation stained with Alizarin red-S 
and Alcian blue. C1: control group showing conspicuous ossification in 
the Supra Occipital (SO), Ex Occipital (EO) and Occipital Condyles (OC) 
(x10), C2; absence of ossification center in the supra occipital bones with 
lack of ossification in the ex-occipital and occipital condyles in B20T2 
group (x 9), C3; a large portion of supra occipital bone, ex occipital and 
occipital condyles remain cartilaginous in B20T2 group (x8).
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Figures 4 (A-C): A. Photographs of the sternum region of rat fetuses at day 
20th day of gestation stained with Alizarine red S and Alcian blue (bones in 
red and cartilage in blue): A1; Control group showing the six-segmented 
sternum (Se) (x4), A2; B20T1 group showing the four-segmented sternum 
(x4), A3; B20T2 group showing segmented sternum (x3). B. Photographs 
of the ribs of rat fetuses at day 20th of gestation stained with Alizarine red 
S and Alcian blue. B1; control group showing conspicuous ossification in 
the Neural arches (Na) and Ribs (R) and Centrum of Vertebrae (CN) (x5), 
B2: neural arches and centers of vertebrae remain cartilage and presence 
of wavy ribs in B20T2 group (x3).  C. Photographs of the forelimb (fore 
arm, wrist and hand) of rat fetuses at day 20th of gestation stained with 
Alizarine red S and Alcian blue. C1; control group showing conspicuous 
ossification in the Humerus (Hu), Radius (Ra) Ulna (Ul) and three 
Metacarpals (Mc) (x5.3), C2: less ossification in the humerus, radius and 
ulna and some metatarsals remain cartilage in B20T2 group (x5).

Figures 5(A-B): A. Photographs of the dorsal view of the pelvic girdle 
of rat fetuses at the 20th day of gestation stained with Alizarine red S 
and Alcian blue showing pelvic bones, sacral and caudal vertebrae. A1; 
control group showing good ossification of the pelvic bones (ileum, 
ischium and pubis), five Sacral Vertebrae (SV) and three Caudal Vertebrae 
(CV) (x4), A2: showing delay in ossification in ileum, pubis and ischium, 
some sacral vertebrae and all caudal vertebrae in B20T2 group (x5.8). B. 
Photographs of the ventral view of pelvic girdle of rat fetuses at the 20th

day of gestation stained with Alizarine red S and Alcian blue showing 
pelvic bones and hind limb (femur, shank and foot). B1; control group 
showing good ossification in the pelvic bones and hind limb (Fibula (F), 
Tibia (T) and Metatarsus (Mt)) (x4), B2: less ossification of femur, tibia, 
fibula and pelvic girdle and some metatarsals remain cartilage in B20T2 
group (x3.3).

Assessment of genotoxicity of MNPs by Comet Assay
With the exception of A14T1 group in maternal liver cells that 
showed no significant change in DNA% in tail or tail moment 
when referred to the control group, all other MNPs-treated 
groups showed significant increase (P ≤ 0.01) of all DNA damage 
parameters (tail length, % DNA in tail and tail moment) in all 
treated groups (A14T1, A14T2, B20T1 and B20T2) in comparison with 



Citation: El-Shorbagy HM, Eid FA, Al-Naga NAA, Abd-Allah ER, El-Ghor AA (2018) Magnetite Nanoparticles Induced Fetal Skeletal Abnormalities, DNA Damage and 
Down regulation of Pax-1 and Tgfb2 Genes in White Albino Rats. Adv Biochem Biotechnol 3: 162. DOI: 10.29011/2574-7258.000062

8 Volume 3; Issue 03

Adv Biochem Biotechnol, an open access journal
ISSN: 2574-7258

the control group (A14C and B20C) within maternal liver or brain cells, whole embryonic cells and fetal liver cells (Figure 6). 

Figure 6: DNA damage measured as tail length, % DNA in tail and tail moment in different groups. Results are expressed as mean±SE, (*) significant 
difference compared to control at P ≤ 0.05 using T- test. (A) DNA damage in maternal brain cells. (B): DNA damage in maternal liver cells. ($) 
statistically significant compared with A14T1 or B20T1 groups at P ≤ 0.05 using T- test. (C): DNA damage in 14 days old embryos. ($) statistically 
compared with A14T1 group at P ≤ 0.05 using T- test. (D): DNA damage in liver of 20 days old fetuses. ($) statistically compared with B20T1 group at P 
≤ 0.05 using T- test.

Levels of Pax-1 and Tgfb2 Genes Expression
Expression levels of Pax-1 and Tgfb2 genes were significantly (P≤0.05) decreased in the A14T1 and A14T2 groups when compared 

to the control group. Expression at A14T2 group showed significant decrease (P≤0.05) when compared to that at A14T1 group, indicating 
that high dose of iron oxide nanoparticles plays an important role in decreasing mRNA level of both Pax-1 and Tgfb2 genes (Figure 7) 
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Figure 7: Quantitative real time PCR of Tgfb2 and Pax-1 genes after 
normalization to the Gapdh gene. The mRNA ratios of Tgfb2 and Pax-1 
to Gapdh were calculated using the ΔΔCt method after normalization to 
Gapdh gene. Results are expressed as mean±SE, (*) significant difference 
with respect to the negative control at P≤0.05 using T-test and (#) 
statistically compared with A14T1 group.

Discussion
In the current study, MNPs appeared as dispersed blue 

granules in the maternal brain and liver tissues and liver tissues 
of embryos and fetuses. These results indicated that MNPs can 
penetrate through the membrane of different cells and even 
brain barrier and blood placenta barrier and pass to the liver of 
embryos and fetuses. These findings are in agreement with those 
of [36] who worked on mice and proved that Fe3O4 coated with 
Dimercaptosuccinic Acid (DMSA) was passed through the cell 
membrane and blood-placental barriers and entered the liver of 
the developing fetus. In addition, [37] found that the major iron 
accumulation was detected in the liver (93%) and only a small 
fraction was found in the lungs (5%) and in the spleen (2%). 

Results of the present study revealed that there was no 
statistical significant difference (P≥0.05) in the mean value of 
fetal weight in gestation day 20 in B20T1 or B20T2 groups when 
compared with the control group. This is in accordance with [36] 
who observed that MNPs coated with Dimercaptosuccinic Acid 
(DMSA) intraperitoneally injected to pregnant mice had apparently 
no effect on the weight of the fetuses. This finding disagrees with 
the results of Khodarahmi who observed a significant decrease in 
the weight of 16-day mice fetuses after intraperitoneal maternal 
injection with Nano iron oxide (20nm in diameter) on day 9 of 
pregnancy. This may be contributed to the type of the coated 
material and/or the difference of animal species [38]. 

 The significant decrease in the mean value of fetal length at 
the 20th day of gestation within B20T2 group that has been proven 
in this study, which agree with that of Khodarahmi who observed 
a significant decrease in the length of 16 days old mice fetuses 
after maternal treatment with intraperitoneal injection with nano 
iron oxide (20nm in diameter) on day 9 of pregnancy [38]. Taken 
together, MNPs-treatment induced changes in the growth of the 
placenta, exposes embryos and/or fetuses to altered levels of 

nutrients, and this may be partially responsible for the decreased 
fetal length observed on GD 20. 

In the current study, there was a statistical significant decrease 
in the mean number of living fetuses in both B20T1 and B20T2 groups 
when compared to the control group. These results disagree with 
those of Noori who found that iron oxide nanoparticles injection 
had apparently no effect on the number of the living fetuses [36]. 

Oral injection of MNPs caused some mild and severe defects 
in the skeletal formation in the developing fetuses. This is in 
agreement with Bourrinet who mentioned that ferumoxtran-10 had 
major fetal skeletal malformations in both rabbits and rats [22]. 
Tsay stated that bone loss has been detected after increased iron 
ions concentration in mice. Their results revealed dose-dependent 
elevation of iron content in tissue with bone composition alteration 
and thinning of trabecular and cortical bone accompanied by high 
bone resorption; this may be contributed to the increased Reactive 
Oxygen Species (ROS) production [39].

Furthermore, Comet assay demonstrated that MNPs induced 
marked DNA damage in maternal and fetal liver tissues, whole 
14-day embryos and 20 days old fetuses. This was in accordance 
with Al Faraj who performed a longitudinal study on Balb/c mice 
intrapulmonary administered iron oxide nanoparticles (PEG-coated 
magnetite modified with negative (carboxyl) or positive (amine) 
terminal), and detected a significant elevation in lipid peroxidation 
and DNA damage of lung in both acute and sub-acute sets [40].Often, 
genotoxicity of MNPs was attributed to the oxidation of Fe2+ into Fe3+

ions that induces DNA damage. Magnetite has been shown to cause 
high level of oxidative DNA lesions detected using comet assay in 
A549 human lung epithelial cell line [41]. Also, a concentration 
dependent DNA damage was detected in Super Para Iron Oxide 
Nanoparticles (SPION) treated L-929 fibroblasts cells [42]. 

Moreover, iron oxide nanoparticles could pass through the 
membrane of different cells and even blood-placental barrier, 
entered the 14- day embryos and fetus, and caused DNA damage. 
On the other hand, Piccinetti  observed that silica-coated magnetite 
nanoparticles do not induce any toxicity in zebrafish larvae exposed 
through food for up to 15 days [43]. 

Transforming Growth Factor β (TGFβ) is known to play 
vital roles in multiple developmental processes. One of the main 
functions is its role in the skeletal development [44]. The expression 
of transforming growth factors beta 1, beta 2 and beta 3 genes 
during mouse embryogenesis from 9.5 to 16.5 days post coitus 
appear to be involved in chondroossification, and thus author in the 
present study have chosen to evaluate Tgfb2 expression on day 14 
of gestation. Mice with a germline deletion of the Tgfβ2 ligand as 
well as TGFβ2/3 double knockout mice presented with defective 
frontal and parietal bone development, which is consistent with 
our results [45, 46]. In our study, there was significant decrease 
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(P≤0.05) in the mRNA level of Tgfb2 in the treated groups on day 
14 of gestation when compared to the control group and the mRNA 
level was lower in the A14T2 group than in A14T1 group, that can be 
associated with the severe imperfections in 20-days old fetal skull 
especially in frontal, parietal, interparietal and occipital bones. 

Similarly, Pax1 is essential for the formation of specific 
skeletal structures. After Pax1 expression from 9 to 12 days 
p.c, the perichordal tube displays a segmental plan of loosely 
and densely packed areas. As soon as the alternating pattern of 
intervertebral disk and vertebrae centrum is established, Pax1 
transcript accumulation declines to diminished levels in 17 days 
p.c. embryos [47], and that’s the reason for evaluating Pax-1 on 
day 14 of gestation. In humans, the Pax1 locus has been linked 
to otofaciocervical syndrome, idiopathic scoliosis, and to a higher 
susceptibility for androgenic alopecia [48]. Pax1 mutations 
were accomplished with severe malformation in tail and lumber 
region indicates that its actions may be strongest in these areas 
[49]. Indeed, mouse with mutant Pax1 exhibit highly malformed 
vertebral columns with missing (or split) vertebral bodies, absence 
of intervertebral disks, and lack or severely deformed proximal 
ribs [50]. Pax1 is involved in transducing proliferative signals 
from the notochord to sclerotome cells during skeleton formation. 
Thus, the lack of Pax 1 expression could be responsible for the 
reduced proliferation rate found in mutant chondrocytes [51]. In 
our study, MNPs down-regulated Pax-1 gene resulting in severe 
defects in 20-day fetal vertebral column such as the reduction of 
vertebral components, wavy ribs, presence of cartilaginous centers 
of vertebrae, absence of some sacral vertebrae, absence of caudal 
vertebrae and less ossifies ribs. Also, the results showed absence 
of some bony segments of the sternum. Up till now, there was no 
more recent data on the effects of MNPs on the Pax-1 and Tgfb2 
genes in vivo.

Conclusion 
The tested doses of MNPs could induce teratogenic, 

genotoxic and histological effects, as well as alteration of some 
developmental genes in pregnant rats and their embryos and 
fetuses, which needs much more investigations before applying 
MNPs in the biomedical applications for pregnant women. 
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