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ABSTRACT: Cobalt ferrite nanoparticles (CFNs) are promising
materials for their enticing properties for different biomedical
applications, including magnetic resonance imaging (MRI) contrast,
drug carriers, biosensors, and many more. In our previous study, a
chitosan-coated CFN (CCN) nanocomplex demonstrated potential as an
MRI contrast dye by improving the biocompatibility of CFN. In this
study, we report the progeny transfer effects of CCN following a single
intravenous injection of CCN (20, 40, or 60 mg/kg) in pregnant albino
Wistar rats. Biochemical and histological observation reveals that CCN is
tolerated with respect to maternal organ functions (e.g., liver, kidney). Atomic absorption spectroscopy results showed that CCN or
CCN-leached iron could cross the placental barrier and deposit in the fetus. Furthermore, this deposition accelerated lipid
peroxidation in the placenta and fetus.

1. INTRODUCTION
Cobalt ferrite nanoparticles (CFNs) are magnetic nano-
particles that have unique physiochemical properties.1 High
magnetocrystalline anisotropy, saturation magnetization, and
high coercivity are some of the special features of CFNs.1,2

CFNs possess diverse biomedical applications including
targeted drug delivery, biosensing, bioseparation, magnetic
resonance imaging, and magnetic hyperthermia treatment.1,2

Additionally, CFNs show anticancer, antimicrobial, and
antioxidant activities.3 Furthermore, conjugation of CFN
with chitosan (CH) could enhance anticancer activity via
synergistic actions.3,4 However, one of the major concerns with
CFN biomedical applications is its cytotoxic effect(s) in the in
vivo system.5 CH is a biocompatible polymer and coating of
CFN with CH (i.e., chitosan-coated CFNs (CCNs)) enhances
the biocompatibility of CFNs.4,6 Therefore, previously, we
synthesized CCNs to improve CFN biocompatibility.6

Nanomaterials may cross the placental barrier and induce
developmental toxicity in the fetus.7 Maternal−fetal transfer of
nanoparticles including iron oxide8−10 and nickel11,12 has been
confirmed in rodents. However, no study reported the transfer
of CFNs or CCNs across the placenta in mice or rats and their
effects on maternal body or fetus. deSouza et al. (2012)13

reported that metal cobalt ions can cross the placental barrier
in the pregnant female. Some studies confirmed the trans-
placental transport of iron oxide nanoparticles in mice8−10,14

and rats.15,16 Iron oxide-based magnetic mesoporous silica
nanoparticles crossed the placenta and deposited in the fetus’s
lungs, liver, and intestine.16 Vaginal instillation of magnetic

iron oxide nanoparticles showed entry of nanoparticles in
embryonic circulation through the umbilical cord.14 On the
other hand, the chitosan oligosaccharide (a CH derivative)
showed toxicity on dams and teratogenic effects on albino rat
fetuses.17 Moreover, chitosan nanoparticles (CSNPs) induced
structural and functional abnormalities in the placenta and
affected embryo development by down-regulating responsible
genes and also affected mitochondrial function.18 Additionally,
CSNPs caused embryo damage via oxidative or endoplasmic
reticulum stress and autophagy.19 More importantly, the drug
metabolite of one organ could have toxic effects on other
organs.20 As a result, before theranostic use of CCN in
pregnancy, it must be determined whether CCN crosses the
placental barrier and what effects it may have on the maternal
body and the fetus.

The placental crossing of CCNs and their potential
consequences on the body of the mother or the fetus is yet
to be documented. In this study, we attempted to assess the
effects of CCNs on maternal organs and progeny transfer
effects in a pregnant albino Wistar rat model.
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2. MATERIALS AND METHODS
2.1. CCN Synthesis and Characterization. CCNs were

synthesized and characterized as described previously by Shakil
et al. (2020).6 Briefly, CFNs were synthesized using a
coprecipitation method and coated with CH. CCNs were
characterized by transmission electron microscopy, Fourier
transform infrared (FTIR) and Raman spectra, differential
scanning calorimetry (DSC), thermogravimetric analysis
(TGA), dynamic light scattering (DLS), and surface charge
(ζ potential) analysis (Table S1).6

2.2. Design of In Vivo Experiments. Healthy female
albino Wistar rats (about 10 weeks old) were included in the
current study. Rats were bred and reared in the animal house
facility conditions of the Department of Biochemistry and
Molecular Biology, Jahangirnagar University. The target values
of room temperature and relative humidity (RH) were 25 ± 2
°C and 50−70% RH, respectively. The experimental rats were
housed in plastic cages with 12 h light−dark cycle. The
pregnant rats were provided with normal experimental pelleted
animal food and drinking water ad libitum. The experiments
were conducted following the institutional guidelines and
approved by the Institutional Animal Ethical Committee,
approval number BBEC, JU/M-2022(6)2. Albino Wistar male
rats were allowed to mate with the experimental female rats
under the animal facility conditions. Pregnancy was assured by
the presence of a vaginal plug, and it was counted as gestational
day 0. The pregnant females were separated from the other rats
and received CCN injections on gestational day (GD) 18.21

The pregnant albino Wistar rats (200−220 g body weight)
were monitored to observe any changes in fur, skin, excretions,
and body weight for 0−48 h after an intravenous (IV) injection
of CCNs (Table 1). While the control rats group received
phosphate-buffered saline (PBS) through 26 G needles in the
tail vein.

Previously, Shakil et al. (2020)6 examined the biocompat-
ibility of CCNs up to a 20 mg/kg dose in male albino Wistar
rat for 1−28 days. Assuming 20 mg/kg is a safe dose, acute
effects of 1−3× dose was designed. Higher dosage (over 60
mg/kg) was avoided considering the fluid overload for the
experimental rats.

Body weight of pregnant rats was monitored during the
experimental period. At the end of 24 and 48 h post-treatment,
three rats from each group were sacrificed to examine the
histopathological changes, effects on organ function bio-
markers, biodistribution, and cytotoxic effects. Animals
received an intraperitoneal injection of ketamine (100 mg/
kg) before sacrifice, and blood was withdrawn from the inferior
vena cava. The blood sample was transferred in an
anticoagulant-free test tube and centrifuged at 7000 rpm for
5 min. Serum was collected in small Eppendorf tubes for
biochemical analysis. For histopathological examination,
freshly collected placenta, fetus liver, and kidney were

preserved in 10% formaldehyde solution for fixation, while
the tissue samples for lipid peroxide (LPO) were perfused
using 0.9% NaCl solution.

2.3. Histopathological Inspections. Tissue samples were
processed as described previously by Shakil et al. (2020).6

Liver, kidney, placenta, and fetus tissues were fixed in 10%
buffered formalin. Then paraffin blocks were prepared and cut
into thin tissue sections (4−5 μm) using a Leica rotary
microtome (LIECA RM2235). These processed tissue sections
were stained with routine hematoxylin and eosin (H&E) stain.
A microscopic investigation was carried out using an Olympus
DP72, Tokyo, Japan, microscope with normal spectra.
Photomicrographs were taken at 400× using a digital camera
connected to the microscope.

2.4. Biochemical Assessments. The activities of liver and
kidney function biomarkers including alanine transferase
(ALT), aspartate transferase (AST), alkaline phosphatase
(ALP), albumin, blood urea nitrogen (BUN), uric acid, and
creatinine were estimated by commercially available standard
assay kits (Linear, Spain). While mineral concentrations
(sodium and potassium) were determined by commercially
available standard assay kits (Atlas, U.K.). Experimental
reading was taken using a PD-303S spectrophotometer
(APEL, Japan).

2.5. Determination of Iron Levels in Maternal Liver,
Placenta, and Fetus. Liver, placenta, and fetus tissues were
placed in an oven for 48 h (model OP100, LTE Scientific Ltd.,
Greenfield, Oldham, Great Britain) to dry at 65 °C. After being
oven-dried, tissue samples were placed in a glass mortar for
grinding. Wet digestion techniques were used to prepare all of
the powdered samples, including liver, placenta, and fetus.22

The sample was first weighed in the crucible using an analytical
balance and digested using 10 mL of a mixture of 65% nitric
acid and 70% perchloric acid (3:1). The solution was then
cooked on a hot plate for 15−20 min at 150 °C until it was
nearly dry, and it was then cooled for 5−10 min. After that, the
cooled samples were diluted with 50 mL of distilled water,
filtered through Whatman filter paper No. 1, and then kept in
50 mL of LDPE plastic bottles. Blank and standard solutions
were also prepared. Iron (Fe) concentrations in maternal liver,
placenta, and fetus were determined with an atomic absorption
spectrometer (model AA-7000, Shimadzu, Japan).

2.6. LPO Assay. The oxidative stress of the maternal liver,
placenta and fetus was examined by calculating the level of
LPO. LPO was examined by testing the thiobarbituric acid
reactive substances.23,24 Briefly, the liver, placenta, and fetus
homogenates (0.1 mL) were mixed with 0.1 mL of 8.1% (w/v)
sodium dodecylsulfate, 2 mL of 0.4% thiobarbituric acid
(dissolved in 20% acetic acid, pH 3.5), and 0.1 mL of distilled
water. Each tube was then vortexed and put in heat blocker for
1 h at 95 °C. After that, tubes were cooled and a 1.5 mL of n-
butanol/pyridine (15:1) mixture was added to each tube.
Following this, the samples were vigorously vortexed for about
10 min and centrifuged for 10 min at 1200g. Then the
supernatant was taken from each tube, and the absorbance was
measured at 532 nm using a PD-303S spectrophotometer
(APEL, Japan). In this assay, 1,1,3,3-tetraethoxypropane was
used as the standard.

2.7. Data Analysis. Experimental results were analyzed
using Prism-GraphPad 8 (USA). Data were presented as the
mean ± SEM. The threshold for statistical significance was set
at p < 0.05.

Table 1. Animal Groups and Experiment Dosage

group dosea frequency of dosage animals

group 1 PBS single intravenous injection n = 6
group 2 CCN (20 mg/kg) n = 6
group 3 CCN (40 mg/kg) n = 6
group 4 CCN (60 mg/kg) n = 7

aCCN: chitosan-coated cobalt ferrite nanoparticles.
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3. RESULTS

3.1. MTS Assay. Cytotoxic activity of CCNs toward A172
glioblastoma cells was tested at 20 and 100 μg/mL from 24 to
72 h. MTS assay results indicated that CCNs did not show

potent cytotoxic activity against A172 cells (Figure S1).
Additionally, any concentration and time-dependent cytotoxic
activity were not observed.

3.2. Physiological Parameters. There was no discernible
difference in body weight among the groups during the

Figure 1. Histological images of the (a) liver, (b) kidney, (c) placenta, and (d) fetus. Sections of the (a) liver, (b) kidney, (c) placenta, and (d)
fetus tissues were collected from the pregnant albino Wistar rats following 24 and 48 h of CCNs (20−60 mg/kg) postinjection. On the other hand,
the CN group received an intravenous injection of PBS. Tissue samples were prepared with hematoxylin and eosin (H&E) stains. Any sign of tissue
damage was not observed in the case compared to the control. Images were taken at 400×. CN, control; CCN, chitosan-coated cobalt ferrite
nanoparticles.
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treatment period (0−24 h) (Table S2). The pregnant animals
resembled the control animals in terms of their physical
appearance, food intake, and excretion. Additionally, no
physical defects were seen in the fetus. One rat from the 60
mg/kg group died after 20 h of CCN treatment for an
unknown reason, while no death cases were recorded in other
groups.

3.3. Histopathological Changes. CCNs did not affect
the histoarchitecture of the liver (Figure 1a). In the CCN-
treated groups, necrotic death of the hepatocytes, fibrotic
scarring, or hyperemia was not observed. More importantly,
structures surrounding the central vein and hepatic sinusoids
were devoid of hydropic degeneration. Furthermore, any type
of glomerular injury, renal tubular damage, or marked swelling
of the renal tubules was undetected in the treatment groups
(Figure 1b). Additionally, like the control, the histoarchitecture

of placental and fetus tissue was intact in the CCN treatment
groups (Figure 1c,d).

3.4. Biochemical Changes. Liver function biomarker
(ALT, AST, ALP, and albumin) levels were analyzed 24−48 h
post-treatment of 20−60 mg/kg CCNs (Figure 2a−d).
Changes in liver function biomarkers were not detected.
Furthermore, creatinine level in this case compared to that in
the control was not altered, indicating normal kidney function
(Figure 2e). A significant change in BUN level was calculated
in treatment groups 1 and 2 at 24 h (Figure 2f). Furthermore,
the BUN/creatine level indicated that treatment group 1 at 24
h could have some impaired kidney function (Figure 2g).
Similarly, uric acid levels increased only in the treatment group
3 (Figure 2h). More importantly, significant changes in the
Na+ ion level were calculated in the treatment group at a high
concentration at 24 and 48 h, while the high concentration of
CCNs caused a significant change in K+ ion level at 24 h only

Figure 2. Time- and concentration-dependent effects of CCNs on biochemical parameters. Pregnant albino Wistar rats were sacrificed following 24
and 48 h of CCN (20−60 mg/kg) postinjection. ALT (a), AST (b), ALP (c), albumin (d), creatinine (e), BUN (f), uric acid (g), BUN/creatinine
ratio (h), sodium (i), and potassium (j) concentration were calculated to detect the effect of CCNs on these biochemical parameters. Values are
presented as mean ± SEM, three animals per group. Two-way ANOVA coupled with a Tukey’s posthoc test was used to analyze experimental data.
*p > 0.05, significantly different compared to control. CCN, chitosan-coated cobalt ferrite nanoparticles.

Figure 3. Time- and concentration-dependent clearance of iron from the liver, placenta, and fetus. Pregnant albino Wistar rats were sacrificed
following 24 and 48 h of CCN (20−60 mg/kg) postinjection. AAS analysis was performed to detect the iron level in the liver (a), placenta (b), and
fetus (c). Values are presented as mean ± SEM, three animals per group. Two-way ANOVA coupled with a Tukey’s posthoc test was used to
analyze experimental data. *p > 0.05, significantly different compared to control. AAS, atomic absorption spectroscopy; CCN, chitosan-coated
cobalt ferrite nanoparticles.
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(Figure 2i,j). Together, the results indicated that CCNs could
have a nephrotoxic effect or impair the kidney filtration system.

3.5. Atomic Absorption Spectroscopy. Biodistribution
of CCNs or CCNs leached iron in different maternal organs
and fetus was detected using atomic absorption spectroscopy
(AAS). In the treatment groups, a significantly high iron level
was detected in the liver, placenta, and fetus (Figure 3a−c).
The iron concentration in the placenta was higher than that in
the fetus. Additionally, the iron level in the reported organs
decreased over time. These findings indicated that CCN- or
CCN-derived iron passed the placenta and reached the fetus.

3.6. LPO. Time- and concentration-dependent oxidative
stress was observed in the liver, fetus, and placenta in the
pregnant rats (Figure 4a−c). In our study, the LPO (nmol/mg
protein) level of the liver, placenta, and fetus was significantly
increased in CCN-treated (20−60 mg/kg) animals at 24 h.
The same treatment also caused a significant increase of LPO
in the liver and fetus at 48 h. Interestingly, the LPO of the
placenta reduced to normal in the 20 mg/kg treatment group;
however, at higher concentrations, significantly high LPO was
also calculated at 48 h. The increase of oxidative stress in the
treatment group might be due to the deposition of CCN- or
CCN-leached Fe or Co.

4. DISCUSSION
We used previously synthesized CFNs (diameter: about 10
nm) using the chemical coprecipitation approach to conduct
this study. The surface was modified with CH to enhance CFN
biocompatibility. Additionally, Shakil et al. (2020)6 confirmed
that 10 mg/kg CCNs enhanced the MRI contrast efficiency in
brain tissue imaging. In this study, we investigated the
cytotoxic potential of CCN against A172 cells. Furthermore,
pregnant albino Wistar rats were intravenously given three
different dosages of CCN (20, 40, and 60 mg/kg) on gestation
day 18 to study the effects of CCNs on progeny transfer and
their biodistribution in the mother’s organs (including liver
and placenta) and the fetus’s body.

According to the MTS experiment results, CCNs did not
exhibit concentration- or time-dependent cytotoxicity against
A172 cells (Figure S1). CCN decreased 10−20% of viability of
A172 cells. Previously, Nahar et al. (2022)25 reported that
folate chitosan-coated CFNs decreased around 5% viability of
human cervical cancer HeLa cells at a 500 μg/mL
concentration. Furthermore, at a concentration of 6000 g/
mL, the number of viable HeLa cells decreased by about
25%,25 while CFNs displayed potent anticancer activity toward
MCF-7 breast cancer and HepG-2 liver cancer cells with IC50
values of 45.12 and 61.86 μg/mL, respectively.3 As some of the

drug candidates including nanoparticles interact with 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide dye
and produce misleading results, assessing the cell viability
using a sulforhodamine B assay could better represent CCN
potency.26

Inside the human body, nanoparticles interact with various
cellular organelles and induce cytotoxicity, genotoxicity,
metabolic alteration, and cell death.2 Additionally, smaller
sized nanoparticles assist in higher absorption and longer
bioavailability than bulkier counterparts, thus increasing their
potential toxicity impact.9 Exposure of nanoparticles during
gestation causes complications in dams and developing
fetuses.27,28 Following treatment with 20−60 mg/kg CCNs,
there were no noticeable changes in the pregnant animals’
body weight (Table S2), appearance, food intake, or excretion.
Treatment-linked alternations of maternal body weight, food
consumption, gross findings, and morphological changes were
not seen with silver or titanium oxide nanoparticles.29,30

Organ damage can be clinically evaluated by examining their
organ-specific serum biomarkers and histopathological
changes.31,32 Histopathological results indicated that CCNs
did not induce any morphological changes of maternal tissues
(liver, kidney, placenta) and fetus tissues (Figure 1).
Previously, it was reported that CCNs or CFNs are well-
tolerated in liver and kidney tissues,6,33 while Bassiony et al.
(2022)34 showed that magentic nanoparticles induce inflam-
matory cell infiltration and histological damage on liver and
kidney tissues. Similarly, silver nanoparticles have been
reported to damage the histoartitecture of fetus tissues.35

The primary organ involved in CFN detoxification is the
liver.36 Significant changes of liver function biomarkers (ALT,
AST, ALP, and albumin) were not observed in treatment
groups (20−60 mg/kg CCN) compared to the control at 24
and 48 h (Figure 2a−d). Previously, Shakil et al. (2020)6

reported that CCNs (up to 20 mg/kg) were well-tolerated in
the liver tissues of male albino Wistar rat following a single IV
injection. Similarly, serum creatine level was not altered in the
treatment groups, indicating normal kidney function (Figure
2e). However, the BUN level was significantly increased in
treatment groups 1 and 2 at 24 h (Figure 2f). On the other
hand, a significant change of the BUN/creatine level was
observed only in the treatment group 1 at 24 h (Figure 3g). At
the same time, the uric acid level increased only in treatment
group 3 (Figure 2h). These findings indicate that CCNs could
have a transient acute nephrotoxic effect as these biomarkers
return to their normal level at 48 h. Previously, Akhtar et al.
(2020)37 reported that a single intraperitoneal injection of
cube-shaped CFNs (100 mg/kg) in healthy albino rats

Figure 4. Time- and concentration-dependent lipid peroxidation of the liver, fetus, and placenta. Pregnant albino Wistar rats were sacrificed
following 24 and 48 h of CCN (20−60 mg/kg) postinjection. LPO analysis was performed to detect the oxidative stress in the liver (a), fetus (b),
and placenta (c). Values are presented as mean ± SEM, three animals per group. Two-way ANOVA coupled with a Tukey’s posthoc test was used
to analyze experimental data. *p > 0.05, significantly different compared to control. CCN, chitosan-coated cobalt ferrite nanoparticles.
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significantly increased liver (e.g., bilirubin, ALT, AST, ALP)
and kidney (BUN, creatinine, urea) function biomarkers level
at days 1 and 8. Interestingly, remarkable changes of sodium
and potassium level were found in the treatment groups at 24
to 48 h (Figure 2i,j). It should be noted that dose-dependent
effects were not observed in the current study. Previously, it
has been reported that silver nanoparticles inhibit Na+/K+-
ATPase,38 and inhibition of Na+/K+-ATPase activity could
have an effect on normal kidney function of pregnant rats,39

while Wang et al. (2016)22 reported that long-term exposure of
zinc oxide nanoparticles had no effect on mineral metabolism.

The diameter of the uterine and placental blood vessels
changes during normal placental development. During
pregnancy, blood flow to the uterus is increased by 90-fold
on GD 20. More importantly, approximately 6% of the cardiac
output is distributed to the placentas on GD 20.40 The liver
also receives a considerable portion of the cardiac output
(blood flow is 0.1 mL/min/g at GD18 and 0.07 mL/min/g at
GD 20).40 AAS results indicated that CCNs or CCN-derived
iron deposits in the liver, placenta, or fetus (Figure 3).
Additionally, the level of iron decreased over time, which
might be due to the gradual clearance of CCNs from the
animal’s body.6,41 It has been reported that silica (70 nm)
nanoparticles accumulated in the placenta, and their
concentration decreased after 24 h of IV injection, while 300
or 1000 nm silica nanoparticles were not observed in the
placenta or fetus, indicating nanoparticle accumulation
depends on particle size.42 Deposition of iron oxide nano-
particles or Fe could increase the oxidative stress of maternal
organ or the fetus.9,43

Oxidative stress is one of the major mechanisms of
nanoparticle-mediated fetotoxicity.27 CFNs increased reactive
oxygen species generation and induced DNA damage,
apoptosis, or impaired organ development.44 An increase of
LPO is an indicator of nanoparticle-mediated tissue damage.45

CCN (positively charged)-induced increase in LPO indicates
that LPO increased oxidative stress to maternal organs (liver),
the placenta, and the fetus (Figure 4). Previously, it was
reported that repetitive oral administration of silver nano-
particles caused oxidative stress to hepatic tissues. However,
the same treatment did not induce any developmental
toxicities in the fetus,29 and Di Bona et al. (2015)9 reported
that iron oxide nanoparticles at a higher concentration (100
mg/kg) caused developmental toxicity. Interestingly, the
damaging pattern was linked to surface charge, and positively
charged nanoparticles induced greater damage compared to
negatively charged ones.9 Results of the current study indicated
that CCN- or CCN-derived Fe passed the placental barrier and
mediated oxidative stress in the fetus.

Previously, 10 mg/kg CCNs (human equivalent dose 1.62
mg/kg) showed promise for biomedical applications as a T2
MRI contrast dye.6 The current study indicated that if CCNs
(20−60 mg/kg) are injected during pregnancy, a severe toxic
effect might not be observed. However, as CCNs pass the
placental barrier, their long-term effects on the maternal organs
and the fetus need to be unveiled.

5. CONCLUSION
Contrary to expectations, CCNs did not exhibit significant
anticancer effects against A172 cells. Additionally, a single IV
administration of CCNs (20−60 mg/kg) had no discernible
effects on the maternal liver. Although the histopathological
results indicated that CCNs did not alter maternal renal

function, biochemical data showed that CCNs might have an
acute nephrotoxic effect. More importantly, the deposition of
CCN- or CCN-derived Fe may trigger oxidative damage to
both the mother’s organs (such as the liver) and the
developing fetus. Further research is needed to understand
the long-term effects of CCNs on pregnant rats and their
fetuses as these results are at odds with histopathological
results.
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