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Abstract

Nanoparticles (NPs) are being used in several industries worldwide and can introduce into the human body through
different exposure routes, including inhalation, oral administration, intravenous injection, and intramuscular or transdermal
delivery. The present in vivo study aimed to evaluate the acute oral toxicological effects of silica (SiO,) and magnesium
oxide (MgO) NPs in rats by using histological, biochemical, and biodistribution parameters. The results revealed that acute
exposure to higher doses of these NPs produced a significant decrease (p < 0.05) in alanine aminotransferase, alkaline
phosphatase serum levels lactate dehydrogenase, and aspartate aminotransferase. Mild congestion, non-zonal hepatocel-
lular swelling and degeneration, and apoptotic cells with significant pyknotic or shrunken nuclei were found in the liver of
the treated rats at 2000 mg/kg of the MgO NPs. Moreover, under the microscopic examination, focal hepatocellular
degeneration and necrosis, accumulation of mononuclear inflammatory cells within the necrotic area and in the portal tract,
and severe central vein and sinusoidal congestion and focal edematous fluids in the hepatic parenchyma were observed in
the livers of the treated rats with 2000 mg/kg of SiO, NPs. Moreover, MgO NPs exhibited higher liver and kidney
accumulation than SiO, NPs. In conclusion, these NPs at a high concentration could have toxicological effects on rats’
liver and kidney tissues. However, further studies require examining the safety and the other possible toxic effects of these
NPs before entering the consumer market.
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1 Introduction

Nanomaterials (NMs) are globally produced in large
quantities due to their broad potential applications in
industrial processes agriculture, biology, biomedical
research, diagnostic imaging, electronics, sunscreens, cos-
metics, personal care, food products, and safety, antibiotic
products, therapeutic preparations, and drug and gene
delivery (Scenihr 2007; Sahoo et al. 2007; Zhang et al.
2012; Hassankhani et al. 2015).

The utilization of NPs in various fields has increased
throughout the world exponentially. However, human and
environmental exposure to NPs may, in turn, lead to sig-
nificant adverse effects on human health which are
inevitable (Mangalampalli et al. 2017).
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Among the known nanoparticles, magnesium oxide
(MgO) NPs and silica (SiO,) NPs have attracted wide
scientific interest due to their ease of synthesis,
chemical stability, unique properties, and extensive
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applications in various fields (Nishimori et al. 2009;
Yu et al. 2012).

Amorphous SiO, NPs, a typical kind of NMs, have been
widely applied in cosmetics, medicine, and drug delivery
systems (Morishita et al. 2012). For several decades, SiO,
NPs have been commonly used in food products within the
EU as a food additive (E551), anticaking agent, and carrier
of flavors (van der Zande et al. 2014; Park et al. 2020).
MgO NPs have attracted broad scientific interest due to
their ease of synthesis, chemical stability, unique proper-
ties, and wide applications in various areas such as indus-
try, medicine, and foodstuff (Krishnamoorthy et al. 2012;
Ghobadian et al. 2017). Also, these NPs have been applied
to relieve heartburn, sore stomach, and acid indigestion as
an antiacid, detoxifying agent, and bone regeneration
(Martinez-Boubeta et al. 2010; Gelli et al. 2015; Mazaheri
et al. 2019).

The unique physicochemical properties of NPs, includ-
ing their size, shape, and surface area, are considered
critical factors in evaluating their nano-toxicity (Kim et al.
2014). For example, as a function of their size, they are
responsible for their increased cell permeability and
quantum effects (Hochella et al. 2008; Ivask et al. 2015).
Many studies have demonstrated that different types of NPs
have toxic effects on various tissues, including the liver,
kidney, lung, and spleen. With the increasing production
and applications of the NPs in human life, the exposure to
these NPs and concerns about their biosafety aspect have
drawn more attention (Fu et al. 2012; Hassankhani et al.
2015). Silica is used as an anti-caking agent to improve the
flow property of powered components and as a carrier for
flavors or active ingredients in the food. Along with the
rapid development of nanotechnology, the sizes of silica
fall into the nanoscale, thereby raising concerns about the
potential toxicity of nano-sized silica materials (Go et al.
2017).

It is possible that these NPs would be administered into
the human body through different exposure pathways, such
as inhalation, oral administration, intravenous injection,
and intramuscular and transdermal delivery. Therefore, it is
essential to ensure their safety and obtain the information
necessary for designing safe NMs or assessing the toxic
effects of the NPs (Fu et al. 2013; Cho et al. 2009). In vivo
studies for the toxicological assessment of NPs are
important because animal systems are extremely compli-
cated and their interactions with biological systems could
lead to novel immune responses, metabolism patterns,
biodistribution, and clearance which provide useful infor-
mation on likely health hazards evaluation in mankind
(Fischer and Chan 2007). For these reasons, the present
study was carried out to investigate the absorption, distri-
bution, and oral toxicity of SiO, and MgO NPs in rats by
using histological, biochemical, and biodistribution

52, €\ Springer

analysis. To provide experimental evidence for evaluating
the toxicity of the NPs, their quantitative distribution of the
NPs content was assessed using inductively coupled
plasma-optical emission spectrometry (ICP-OES) and
atomic absorption spectroscopy (AAS) in the liver and
kidney.

2 Materials and Methods
2.1 Synthesis of SiO, NPs

SiO, seeds with an ultra-small size were prepared by the
injection of 10 pL tetraethyl orthosilicate (TEOS, 98%
Sigma-Aldrich) into 1 mL deionized water under ultra-
sonication (280W, Sono-Swiss/SW3H) and allowed to
proceed for 24 h under magnetic stirring in a water bath
with a temperature of 45 °C. Subsequently, 5 uL of TEOS
was added to each 1 ml of the original reaction solution
every 24 h. Finally, after a total reaction time of 72 h, the
reaction vessel was cooled at room temperature (Ding et al.
2016).

We used the modified Stober method for the synthesis of
large-size SiO, NPs. In a typical synthesis, 90 mL ethanol
(99%) was mixed with 10 mL of deionized water under
magnetic stirring. Next, I mL of SiO, seed solution, 2 mL
ammonia solution (28-30%), and 2.5 mL TEOS were
added into the mixture separately and stirred at room
temperature for 24 h. Finally, the resulting particles were
centrifuged and repeatedly washed with deionized water to
remove any unreacted reagents and dried at 150 °C for 2 h
(Ding et al. 2016).

2.2 Synthesis of MgO NPs

In a typical procedure, 25 mL of 1 M MgCl,-6H,O solu-
tion was prepared and poured into a beaker. A buret was
used to deliver 25 mL of 1 M Na,COs solution into a
container of MgCl, solution with a flow rate of about
10 mL/min to form white precipitation. Then, the auto-
clave (100-mL Teflon lined autoclave reactor) was filled up
to 2/3 of the total volume with the reaction mixture, sealed,
and heated in the oven at 80 °C for 2 h. After cooling, the
precipitate was separated from the solution by centrifuga-
tion at 5000 RPM for 15 min and washed with deionized
water three times. The precipitate yielded MgO nanos-
tructures at an optimal calcination temperature of 500 °C in
a furnace for 6 h with a temperature ramping rate of 2 °C/
min (Purwajanti et al. 2015).
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2.3 Characterization of the Synthesized NPs

Scanning electron microscopy and transmission electron
microscopy (SEM and TEM) were used to characterize the
NPs to understand the size, shape, and particle size distribu-
tion. Also, X-ray diffraction (XRD) was applied to determine
crystalline character, crystallite size, crystal structures, and
lattice constants of the NPs. SEM experiments were carried
out at an accelerating voltage of 20 kV on a scanning electron
microscope (SEM, Zeiss, SUPRA VP 40). The samples were
examined by a TEM model LEO LIBRA at an accelerating
voltage of 120 k. X-ray powder diffractometer (Cu Ka radia-
tion, £k = 0.15406 nm) between 5° and 100° was used. To
estimate the range and average size of NPs, we used Imagel
software (Wayne Rasband, NIH, USA).

2.4 Experimental Animals

Twenty-four female Wistar rats weighing 190 & 10 g were
obtained from the laboratory animal center belonging to
Shiraz University of Medical Sciences, Shiraz, Iran. They
were acclimated in the controlled conditions (temperature:
23 £+ 2 °C, relative humidity: 60 & 5%, and exposure to a
12-h light/dark cycle) with free access to diet and water. In
the present experimental study, all animal handling pro-
cedures were carried under the approval of the State
Committee on Animal Ethics, Shiraz University, Shiraz,
Iran (ethical approved number 1395/931113105).

An acute oral toxicity study was conducted according to
the OECD Guidelines for the Testing Chemicals (OECD
No. 420, 2001). As per the test guideline, the observation
period is 14 days. It consisted of a sighting study and the
main study. In the sighting study, the single female rat was
administered 5, 50, 300, and 2000 mg/kg BW doses
sequentially. The main study was conducted with a single
acute dose of 2000 mg/kg. Based on the preliminary data,
the LD50 of MgO and SiO, NPs in rats was determined to
be higher than 2000 mg/kg. After a week of acclimatiza-
tion, the animals were randomly divided into three groups
(n = 8) as follows: The first group served as a control;
these animals received distilled water. Group 2 was
administered with 2000 mg/kg body weight MgO NPs, and
Group 3 was treated with 2000 mg/kg body weight SiO,
NPs. The suspension of 2000 mg/kg of MgO and SiO,
nanoparticles was administered once using oral gavage.

2.5 Biochemical and Histopathological Analysis

At day 14 of the treatment, the overnight-fasted rats were
anesthetized and bled from the heart for the serum collections.
The serum was separated by centrifugation at 3000x g for
15 min and kept at — 70 °C for subsequent biochemical

analysis. The serum was analyzed for total protein by the
biuret method (Commercial kit; Pars Azmoon, Tehran, Iran)
and albumin by the bromocresol green method (Commercial
kit; Pars Azmoon, Tehran, Iran). Biochemical analyses,
including cholesterol, lactate dehydrogenase (LDH), alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), blood urea nitrogen (BUN),
creatinine (Cr), phosphorus, calcium, glucose, and triglyc-
eride, were done using a Biochemical Autoanalyzer (Alpha
Classic Model, Sanjesh Diagnostic Company, Iran).

After bleeding, the animals were killed by CO, gas
asphyxiation. The liver, kidney, heart, lung, and spleen
were initially excised and rinsed in chilled saline solution.
Immediately, a small piece of these tissues were fixed in
10% neutral buffered formalin for 24-48 h at room tem-
perature. After complete fixation, the specimens were
dehydrated in the graded alcohols and embedded in
paraffin blocks, sectioned into 5-6 pm in thickness, and
finally, stained with hematoxylin—eosin staining (H&E).
The prepared slides were observed using a light micro-
scope for the histopathological assessments.

2.6 The Measurement of the Amount of Si**
and Mg*? in the Tissues

To assess the distribution and accumulation of Si** and
Mg "2, they were analyzed in the liver and kidney of the
treated rats. The tissue samples were weighed, digested in
concentrated nitric acid and perchloric acid mixture
(70:30), and heated at 80-90 °C until the solutions were
colorless and transparent. The Si** and Mg " contents
were analyzed using ICP-OES (VARIAN VISTA-MPX,
US) and an atomic absorption spectrophotometer (ZEEnit
700 P, Analytik Jena, Germany), respectively.

2.7 Statistical Analysis

The data were analyzed using SPSS version 20 (SPSS Inc.,
Chicago, IL, USA). All results were expressed as
Mean £ SD. The analysis of variance was used to deter-
mine significant differences among the treatments and the
control groups. Duncan’s post hoc test was applied to
compare means when the effect was substantial. p < 0.05
was considered as the level of significance.

3 Results

3.1 Characterization of the Synthesized
Nanostructures

TEM and SEM images showed that SiO, NPs were fairly
uniform spherical particles with an average size of 90 nm
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(the range size, 90-160 nm) (Figs. 1a, b, and 2). Also, no
diffraction peaks were appeared on the XRD pattern of
SiO, NPs (Fig. 3), except a broad reflection at 20 = 13°—
30°, suggesting an amorphous state of existing SiO, NPs.

The TEM and SEM images showed that MgO NPs were
polyhedral with an average particle size of 50 nm (the
range size, 40-90 nm) (Figs. 4a, b, and 5). On the XRD
pattern of MgO NPs, as shown in Fig. 6, the diffraction
peaks were (1 1 1), (200),(220),(311),and (22 2),
respectively, matched with the cubic structure of MgO,
which are in line with the standard and the findings
reported by other studies (Dhal et al. 2015; Dummer et al.
2016). Diffraction peaks can be indexed in cubic structure
space group Fm-3m (225) (ICSD collection code064930
Remark from ICSD/CSD REM M PDF 45-946) with unit
cell parameter a = 4.2 A. No characteristic peaks of other
phases could be detected, which indicates a high purity of
the obtained MgO materials.

3.2 Serum Biochemical Analysis

The serum biochemical analysis of 2000 mg/kg SiO,- and
MgO NPs-treated rats revealed no significant difference in
triglyceride and cholesterol between the control and the
treated groups (Table 1). Treatment with 2000 mg/kg MgO
NPs decreased serum glucose level compared to the control
group, while with 2000 mg/kg of SiO, NPs, conversely, the
serum glucose level increased. The 2000 mg/kg MgO
doses and SiO, NPs significantly decreased the serum
calcium level (p < 0.05). Also, treatment with doses of
2000 mg/kg SiO, NPs significantly reduced the phosphorus
concentration in the serum (p < 0.05). The serum albumin,
creatinine, and protein concentrations did not show any

Fig. 1 The characterization of
synthesized SiO, NPs. a
a Transmission electron
microscopy (TEM); b size
distribution histogram of SiO,
NPs

22, &) Springer

Fig. 2 The characterization of synthesized SiO, NPs. Scanning
electron microscopy (SEM)

significant difference between the control and the treated
groups.

As shown in Table 1, the AST, ALP, and ALT levels
were significantly reduced in the serum of 2000 mg/kg
MgO NPs-treated rats (p < 0.05). Serum ALT level was
significantly (p < 0.05) decreased at the acute doses of
2000 mg/kg SiO, NPs, while AST and ALP activity level
did not show any significant difference in the SiO, NPs-
treated rats compared to the control group (Table 1). Also,
there were a significant decrease and increase (p < 0.05) in
the serum concentration of BUN in the treated rats with
2000 mg/kg of MgO and SiO, NPs compared to the control
group, respectively (Table 1).
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3.3 Clinicopathological Analysis

In the present study, there was no mortality or signs of
toxicity and discomfort (lethargy, nausea, vomiting or
diarrhea) following the daily single oral administration of
these NPs. All the rats survived at the end of the study
period for 14 days. From the macroscopic point of view, no
significant pathological changes were observed in all the
organ systems of the control and the treated rats.

The histopathological analysis of the H&E-stained tis-
sue sections of the heart, lung, and spleen revealed no
microscopic abnormalities in both doses of these NPs in the
control and treated rats. The H&E-stained tissue sections of
the liver and kidney from the control group exhibited
normal hepatic and renal histological architecture, respec-
tively (Fig. 7a, d).

APPSO PP w@@o@

——
200 nm

Particle Diameter MgO NP (nm)

The histopathologic examination of the liver tissue
sections in the 2000 mg/kg MgO NPs-treated rats revealed
mild congestion, non-zonal hepatocellular swelling and
degeneration, and individual cell necrosis with significant
pyknotic nuclei and eosinophilic cytoplasm. No
notable vacuolar appearance indicative of steatosis or any
histologic evidence of inflammatory cell infiltrates, fibro-
sis, cell proliferation, cholestasis, etc., was observed in the
liver parenchyma of the treated rats (Fig. 7b). The
histopathologic changes in the kidneys of the 2000 mg/kg
MgO NPs-treated rats consisted of mild congestion and
hemorrhage, irregularly renal tubular epithelial cell swel-
ling, and cytoplasmic alterations in the convoluted tubules
and loops of Henle without any nuclear changes, interstitial
inflammation, and/or proliferative changes (Fig. 7e).
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Fig. 5 The characterization of synthesized MgO NPs. Scanning
electron microscopy (SEM)

In the liver of the 2000 mg/kg of SiO, NPs-treated rats
with focal hepatocellular degeneration and necrosis, accu-
mulation of mononuclear inflammatory cells within the
necrotic area and in the portal tract, as well as severe
central vein and sinusoidal congestion and focal edematous
fluids in the hepatic parenchyma, was evident under the
microscopic examination. Microscopically, minimal to
mild random renal tubular epithelial cell swelling, degen-
eration, and vascular congestion were observed in the
kidney tissue of the 2000 mg/kg SiO, NPs-treated rats

(Fig. 7c, ).
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3.4 Si** and Mg*? Content Analysis

The biodistribution analysis of Si and Mg contents after
acute oral exposure of the SiO, and MgO NPs with
2000 mg/kg doses was carried out in the liver and kidney
tissues. The kidney and liver tissues of the treated rats with
both doses of SiO, NPs showed a slight increase in the Si**
content, but it was not statistically significant compared to
the control group (Fig. 8). In the liver and kidney, the Si**
content in the 2000 mg/kg SiO, NPs-treated rats was 0.282
and 0.380 pg/g tissue, respectively.

A significant increase (p < 0.05) in the Mg™“ content
was found in the liver and kidney of the 2000 mg/kg MgO
NPs-treated rats compared to the control group (Fig. 9).
The Mg content of the liver and kidney tissues in the
2000 mg/kg MgO NPs-treated rats was 244.5 and
177.75 pg/g tissue, respectively.

+2

4 Discussion

In the near future, nanotechnology will play an important
part in the world’s economy and in our everyday lives. In
spite of the great prospects of nanotechnology, there are
increasing worries that intentional or accidental human and
environmental exposure to NPs may lead to significant
toxic effects. The SiO, and MgO NPs have drawn con-
siderable international attention because of their various
applications in the medical healthcare, biomedical, phar-
macological fields, and else (Mangalampalli et al. 2017; Yu
et al. 2012). Thus, it is greatly imperative to evaluate their
safety. Herein, the present experimental study describes the
histopathological changes due to the oral administration of
SiO, and MgO NPs in rats and their absorption, biodistri-
bution, and serum biochemical analysis.
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Table 1 The effects of SiO, and
MgO NPs on levels of the serum
biochemical parameters of
treated rats

Fig. 7 Photomicrographs of the
liver and kidney tissues in the
rats treated with SiO, and MgO
NPs (H&E, x 400). a Control
group, liver parenchyma with
normal histological architecture
of hepatic cells (h), central vein
(CV) and sinusoids (S).

b 2000 mg/kg MgO NPs group,
showing hepatocellular swelling
and degeneration (arrowheads),
and individual cell necrosis with
significant pyknotic nuclei and
eosinophilic cytoplasm
(arrows). ¢ 2000 mg/kg of SiO,
group, liver parenchyma with
focal hepatocellular necrosis
and mononuclear inflammatory
cells infiltration (N). d Control
group, kidney with normal
histological structure of
glomerular tuft (g) and renal
tubules (RT). e 2000 mg/kg
MgO NPs group, showing mild
to moderate renal tubular
epithelial cell swelling and
hydropic degeneration
(asterisks). f 2000 mg/kg of
SiO, group, kidney tissue with
renal tubular epithelial cell
swelling, degeneration
(asterisks), and vascular
congestion

Parameter Control MgO 2000 mg/kg SiO, 2000 mg/kg
Creatinine (mg/dL) 0.53 + 0.02% 0.47 £+ 0.02° 0.51 + 0.02%
Glucose (mg/dL) 110.8 + 4.8° 101.5 £ 3.3* 128.2 £ 2.3¢
Cholesterol (mg/dL) 73.8 & 6.6 67.5 £ 4.9* 70.1 & 3.7%°
Phosphorus (mg/dL) 53 +0.3" 5.1 +£0.5* 3.9+0.1°
Protein (g/dL) 6.3 £ 0.1* 6.1 +£0.2* 6.2 £ 0.1*
Calcium (mg/dL) 9.76 £ 0.50° 8.14 £ 0.39* 8.50 + 0.10°
Triglyceride(mg/dL) 157.8 4+ 6.7 149.4 + 3.4° 147.3 £+ 6.8*
Albumin (mg/dL) 3.70 + 0.18* 3.40 £ 0.12* 3.54 £+ 0.09*
AST (IU L™ 2012 +£72 154 £ 9.6 176 + 10.7
ALP (IU L™ 454.4 + 194 209.2 £ 14.2 482.8 £ 245
ALT (IUL™Y 79.1 £ 4.62 40.9 £2.93 55 £ 1.64
LDH (IU L) 2921 £ 91.27 2915 + 184.6 3425 + 81.5
BUN (mg/dL) 1045 + 3.74 80.7 &+ 4.41 130.4 + 6.47

Different letters indicate significant differences in rows (p < 0.05)
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Fig. 8 Si™ concentrations were determined in the liver and kidney
tissues by ICP-OES after the digestion with nitric acid and perchloric
acid
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Fig. 9 Mg>" concentrations were determined in the liver and kidney
tissues by AAS after the digestion with nitric acid and perchloric acid

The biochemical results of the present study showed that
the acute doses of MgO NPs decreased the serum activity
of AST and ALT at the end of the study. AST and ALT
have a clearance half-life of approximately 12 h and 60 h
in dogs, respectively (Latimer 2011). It seems that, at first,
the serum activity of these hepatic enzymes may increase
due to the acute hepatocellular degeneration and necrosis,
but due to the complete evacuation of enzymes and their
short half-life in the serum, the activity of these enzymes
decreased after 14 days (Latimer 2011). Moreover,
2000 mg/kg MgO NPs induced a significant decrease in the
serum ALP activity of the treated rats compared to the
control group. ALP is a specific enzyme for cholestasis.
Increased serum ALP activity results from enzyme induc-
tion, typically happening as a consequence of cholestasis,
drug or hormonal effects (Latimer 2011). AST and LDH
are not liver-specific; they are found in most tissues. A
significant change in serum AST and LDH activity may
occur after liver, heart, or muscle injury (Latimer 2011). In
contrast, the results indicated no significant difference in
the serum LDH and AST between the treated groups with
SiO, NPs and the control. It shows that SiO, NPs had no
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tissue injury in 2000 mg/kg dosage. Sulaiman et al. (2015)
indicated that the reduction in AST and ALP activities
caused by the nanoparticle may be due to inactivation
arising from the affinity of the Ag nanoparticles for thiol
(eSH) groups, thereby causing change in the functional
state of proteins.

Our findings are not in line with those of some other
researchers. In a previous study, the biochemical exami-
nation of rats after their exposure to 1000 mg/kg BW MgO
NPs revealed that LDH, AST, and ALT activities increased
in serum. Moreover, the authors of that study reported that
serum biochemical markers, such as albumin, calcium,
glucose, chloride, cholesterol, HDL, triglycerides, and
creatinine, were significant at high doses of NP adminis-
tered to a group of rats (Mangalampalli et al. 2017).
Mazaheri’s study results showed that injection of high
concentrations of magnesium oxide nanoparticles (250 and
500 pg/mL) significantly increased AST and ALP. But
didn’t alter ALT, GGT, urea, and creatinine levels
(Mazaheri et al. 2019). In another study, Wang et al. (2006)
evaluated the acute toxicity study of the oral exposure to
zinc (Zi) nanoscale in mice. Their results showed that Zi
NPs elevated the level of ALT, AST, ALP, and LDH in the
M-Zn- and N-Zn-treated rats (Wang et al. 2006). Sharma
et al. (2012) reported that ZnO NPs at a dose of 300 mg/kg
significantly increased the activity of ALT and ALP in the
treated mice compared to the control mice (Sharma et al.
2012). Hassankhani et al. (2015) showed that the toxicity
of orally administrated SiO, NPs in adult mice induced a
significant increase in serum AST, LDH, and ALT activity
(Hassankhani et al. 2015). Mazaheri et al. (2019) indicated
that high concentrations of magnesium oxide nanoparticles
(250 and 500 pg/mL) significantly elevated white blood
cells, red blood cells, hemoglobin, and hematocrit com-
pared with the control group. Moreover, their results
showed that the nanoparticles elevated the levels of AST
and ALP, whereas there was no significant change in levels
of ALT, GGT, urea, and creatinine for the dose of particles
(Mazaheri et al. 2019).

The current study’s findings were partly similar to those
of Chan et al. (2017), who demonstrated that the levels of
serum AST and ALT activity did not increase significantly.
In addition, total bilirubin, total protein, and albumin were
similar to the control. Their results also showed that BUN
and creatinine did not increase after the injection of SiO,
NPs (Chan et al. 2017). Furthermore, Yu et al. (2013)
evaluated the acute toxicity of intravenously administrated
amorphous SiO, NPs in mice. Their biochemical results
showed that the serum LDH, AST, and ALT activity
increased in the SiO, NP-treated groups (Yu et al. 2013).

The results indicated a significant difference in the
concentration of BUN at a high dose of MgO NPs
(2000 mg/kg) administrated to a group of rats. Decreased
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BUN concentration may be due to the reduced conversion
of ammonia to urea and the reduction of urea synthesis
because of hepatic injury and disease.

There was no significant difference between the control
and other groups in terms of triglyceride and cholesterol.
This shows that MgO and SiO, NPs poisoning did not
affect blood lipids. The serum glucose level decreased in
2000 mg/kg MgO NPs groups compared with the control
group. This reduction probably was due to the glucose
consumption by tissue cells that could cause a decrease in
blood. However, in 2000 mg/kg SiO, NPs groups, the
glucose level increased, showing the due stress of
poisoning.

The 2000 mg/kg doses of MgO and SiO, NPs signifi-
cantly decreased serum Ca level. In addition, phosphorus
showed a significant reduction at 2000 mg/kg SiO, NPs
doses. The reduction in Ca level in SiO, and MgO groups
could be attributed to some digestive disorders such as
malabsorption or poisoning. Acute poisoning and gas-
trointestinal diseases have been reported to cause a
decrease in the Ca level (Latimer 2011). Perhaps, the rea-
son for such decrease is malabsorption, which, on the one
hand, reduces Ca and, on the other hand, reduces phos-
phorus by, for example, reducing the absorption of calcium
and vitamin D in the intestines.

In the current study, the results indicated that the oral
administration of 2000 mg/kg MgO NPs and SiO, NPs in
rats did not cause any adverse pathological changes at the
end of the study period, which lasted 14 days. However,
the histopathological analysis of the rats treated with MgO
NPs at a dose of 2000 mg/kg revealed the presence of mild
congestion, non-zonal hepatocellular swelling and degen-
eration, and necrotic cells with significant pyknotic or
shrunken nuclei. Also, the histopathologic examination of
the kidney tissue sections showed mild congestion and
hemorrhage, irregularly renal tubular epithelial cell swel-
ling, and cytoplasmic degeneration in Henle’s convoluted
tubules and loops without any nuclear, interstitial inflam-
mation, and/or proliferative changes. Moreover, the
histopathological analysis of the heart, lungs, and spleen
revealed no microscopic abnormalities in both NPs and
dosages in the treated rats compared to the control. These
findings agree with those of another study done by Man-
galampalli et al. (2017). They investigated the effects of
the oral administration of different doses of MgO NPs on
rats for 14 days and did not observe any adverse patho-
logical changes during the study period. Their results
showed that MgO NPs at a dose of 2000 mg/kg induced
spaces between hepatocytes and tissue degeneration in the
liver and swelling in the renal glomerulus in the kidney.
Also, they did not observe any morphological changes in
the heart, brain, and spleen of the treated rats compared to
those in the control group. Mazaheri et al. (2019) reported

that the MgO nanoparticles-treated rats demonstrated some
changes, including proliferation of bile ductules, sinusoids,
and congestion, in the liver mainly at the highest concen-
tration. They observed that the MgO nanoparticles-treated
kidney with various doses did not exhibit degenerative
effects in the cells (Mazaheri et al. 2019).

In the current study, and under the microscopic exami-
nation, the histological assessment of the liver of the
treated rats with 2000 mg/kg of SiO, NPs demonstrated
focal hepatocellular degeneration, necrosis, accumulation
of mononuclear inflammatory cells within the necrotic
area, sinusoidal congestion, and focal edematous fluids in
the hepatic parenchyma. Furthermore, minimal to mild
random tubular epithelial cell swelling and degeneration,
and renal congestion were observed in the kidneys of rats
treated at 2000 mg/kg dosage of Si NPs.

In recent studies, no apparent histopathological abnor-
malities or lesions have been reported. Nevertheless, lym-
phocytic infiltration and swelling in the liver have been
observed in the treated rats with 240 mg/kg BW of SiO,
NPs. Some researchers reported that after the intravenous
injection of SiO, NPs into the mice, no toxic effects were
observed at low doses, while a high dose of SiO, NPs
damaged their liver (Fu et al. 2012). A study by Yu et al.
(2013) demonstrated that SiO, NPs could lead to lym-
phocytic infiltration, granuloma formation, and hydropic
degeneration in the liver’s hepatocytes (Yu et al. 2013).

In the present study, as confirmed by ICP-OES and AAS
analysis, a significant biodistribution of MgO NPs occurred
in the liver and kidney of the treated rats. Also, a small
amount of SiO, NPs was penetrated the liver. This finding
was similar to that of FU et al. (2013). They reported that
the body absorbed NPs with 110 nm at 24 h after the oral
administration. Furthermore, they said that the liver was
the target organ after intravenous, oral, and hypodermic
administration.

5 Conclusion

According to the current study results, it can be concluded
that MgO and SiO, NPs can be absorbed through the
gastrointestinal tract into the bloodstream and accumulate
in the liver and kidney of rats. In addition, the biochemical
parameters and histopathological findings indicated that
MgO and SiO, NPs could cause changes in the kidney and
liver tissues and liver enzymes. The present study’s find-
ings show that these NPs at high concentrations can have
toxicological effects on the liver and kidneys of rats. These
results indicate that the safety of the NPs and the evaluation
of their toxic effects are crucial issues that should be
addressed before NPs are allowed to enter the consumer
market.
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