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1. Introduction

Magnesium oxide nanoparticles (MgO NPs) are an intriguing basic oxide that is appropriate for
the use in a diversity of industries [1].In the biomedical field, MgO NPs are used as a treatment for
heartburn, stomach problems, and bone renewal[2],as an antibacterial agent [3]and as a growth sup-
pressor of tumor cells in cancer[4, 5]. Despite MgO NPs' widespread use, there is a lack of information
about their impact on health. The increased use of these NPs is directly related to levels of human
exposure[5]. Experimentally, significant amounts of magnesium have been shown to accumulate in
organs and mostly in the liver and kidney. Biochemistry and genotoxicity properties of MgO NPs are
changed by dosimetry[6-8]. Reactive oxygen species (ROS) generation by cells indicates oxidative
stress and nanotoxicity, which lead to DNA distraction and even cell degeneration[9, 10].
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Vitamins C and E are examples of dietary antioxidants, and they avert oxidative damage, which is
a contributor to the pathophysiology and histopathology of many diseases[11-13]. Ascorbic acid
(Vitamin C) is soluble in water and overcomes oxidative stress by breaking ROS and reactive nitrogen
speciesin biological media[14]. Alpha-Tocopherol (Vitamin E) is soluble in lipid and has a role in pre-
venting lipid peroxidation at the cellular membrane[15]. The role of vitamin C and vitamin E in re-
ducing nanoparticle-induced toxicity has been studied, for instance, nickel nanoparticle-induced re-
productive toxicity was significantly reduced by vitamin C[16]. Silver nanoparticles caused a signifi-
cant toxicity in the salivary glands of albino rats. These toxic effects, however; can be effectively re-
versed by administration them with vitamin C[17]. Another study showed that vitamin C is a hepa-
toprotective agent against ZnO-NP toxicity[18]. Even though vitamin C's antioxidant properties are
well known, a recent studies illustrated that when present in high intracellular concentrations, it can
also cause oxidative stress, which can cause cell degeneration[19, 20].Some studies have examined the
antioxidant capabilities of vitamin E against the toxicity of certain nanoparticles. For example, silver
nanoparticles, copper nanoparticles, and titanium dioxide nanoparticles showed reduced toxici-
ty[21-23]. However, new experimental studies on vitamin E safety evaluation have indicated that there
are harmful effects on rats when exposed to various amounts of vitamin E [24].

The objective of the current study is to determine MgO NPs toxicity by measuring the bioaccu-
mulation of Mg ions in rats' liver and kidney tissues. in addition to measuring serum oxidative stress,
hematological, biochemical, and histological changes that induced by MgO nanoparticles. However,
the second part of the study is proposed to determine the role of vitamin C and vitamin E individually,
or a combination of these two vitamins in the reduction of the toxic effect of MgO NPs on the biological
system.

2. Methods and Materials

2.1 Nanoparticle Preparation and Characterization

The sol-gel auto-combustion method was employed to synthesize magnesium oxide nanoparti-
cles. Stoichiometric amounts of magnesium nitrate Mg (NOs)s.9H20 and citric acid CsHsO7 were
weighed and dissolved in deionized water. After combining the containers, pH is adjusted to neutral
by adding an ammonia solution drop-by-drop [25]. By gradually increasing the hot plate temperature
to 90 °C while stirring continuously, the solutions were transformedinto a viscous gel. When the gel
was made, the temperature increased, and at about 250 °C, a lot of gases were released, gel
self-combustion occurred, and the gel transformed into as-burnt MgO powder. As-burned ashes were
thermally calcined at 400, 500, and 600 °C for 3 hours to eliminate organic waste and promote con-
sistency. After that, they were employed for further structural and morphological property analyses
using X-Ray Diffraction (XRD), Field emission-scanning electron microscopy (FE-SEM) and energy
dispersive spectroscopy (EDS).

2.2Animal Study

In this study, male albino rats of 10-12 weeks of age were used to conduct the study. The rats
were allowed to calamite in standard polypropylene cages at an ambient temperature of 22 + 3°C with
12 hours of light and 12 hours of dark. The body weight (BW) of the rats at the start of the experiments
was 160-200 g. The rats are nourished on a standard diet and given access to pure water freely. Both
experiments on the Wister rat were conducted according to the standards of the international animal
ethics committee.

2.3Nanoparticle Suspension Preparation

MgO nanoparticles were mixed with deionized waterand dispersed by ultra-sonication (Qsonica
Q700, USA, 30kHz),sonicator for 5 minutes to prepare different concentrations at 62.5, 125, 250, and
500 mg/kg. The concentrations were calculated based on the mean body weight of rats, and the volume
of each depended upon body weight.
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2.4Experimental design
2.4.1 Toxicity Study of MgO NPs Experiment

In this experiment, 25 male albino Wister rats were divided into one control group and four trial
groups, each with five animals. The doses of MgO nanoparticles gradually increased (62.5, 125, 250,
and 500 mg/kg of BW/day). The MgO NPs were dispersed by sonicator before treatment. The route of
administration was performed orally by gavage for 28 days (every day). The control group rats were
administrated with deionized water. Food intake and body weight were observed during the experi-
mental period, along with mortality and any signs and symptoms of illness. After 28 days of admin-
istration, the rats of all groups were starved overnight and sacrificed after anesthesia by chloroform.
The blood samples and organs were collected.

2.4.2 Vitamins Supplementation Experiment

To determine the effects of vitamin C, vitamin E, and the mix of these two vitamins on the toxicity
of MgO NPs, 30 male Wister rats were randomly divided into six groups. Three groups received toxic
doses of MgO NPs (500 mg/kg bw) orally by gavage for 28 days (every day) with different vitamins
(MgO NPs + 200 mg/kg Vitamin C, MgO NPs + 200 mg/kg Vitamin E, and MgO NPs + Vitamin C &
E). Vitamins orally administratedby gavage during the experiment for 6 weeks, twice a week. The
control groups were treated twice a week for six weeks orally by gavage with 200 mg/kg vitamin C in
distilled water, 200 mg/kg vitamin E in oil, and a combination of the two vitamins. At the end of the
experiment, the rats starved overnight and were sacrificed after anesthesia with chloroform. Blood
samples are collected and organs are preserved for histopathology examination. The results of groups
that received nanoparticles with vitamins were compared with group that received only 500
mg/kg/day MgO NPs at the first experiment.

2.5Magnesium Content Analysis in Tissue

A magnesium content analysis of liver and kidney tissues was conducted by a plasma atomic
emission spectrometer (ICPE-9820). Tissue samples were collected and weighted by balance, then
frozen until the wet digestion procedure started. Starting with weighting 0.3 g of tissue and placing it
in a glass digestion tube for predigesting by 1.0 ml of nitric acid (68%—70%) for 12 hours, the samples
were heated for 10 h at 80 °C, then heated for 30 min at 130-150 °C. In the final step, 500 ul of per-
chloric acid (70%) was mixed with the samples and heated for 4 hours until evaporation and nearly
dryness. Digested samples are filtered and diluted using 2% nitric acid to a final volume of 25 ml to be
used to detect Mg content by ICPE-9820 (Shimadzu Corporation, Japan)[6, 26].

2.6Hematological Test

A complete blood count (CBC) test was performed using an automated hematology analyzer
(Swelab Alfa, SE-163 53 Spanga, Sweden) after blood samples was collected via the heart puncture
technique and added to an EDTA-K3 tube and gently mixed[7].

2.7Biochemical Tests

Serum is stored at -20 °C until usage. Serum is used for biochemical tests using an automated
chemistry analyzer (HITACHI, Roche COBAS C 311, Germany, and Japan).

2.8Reactive Oxygen Species Determination

Serum ROS was determined by an enzyme-linked immunosorbent assay (ELISA) (karyot), BT
LAB(KOREA) brand ELISA kit assay.

2.9Histopathology

Histopathological tests were done to determine any changes in liver and kidney tissue mor-
phology and anatomy. After collection, the tissue was cleaned with 1% cold saline and then preserved
with 10% formalin. The samples are processed and fixed in paraffin blocks and cut into 3um slices by
microtome. The fixed slices were stained with hematoxylin and eosin stain and immobilized on glass
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slides. The examination was done using a binocular microscope, and light micrographs of the fixed
organs were obtained.

2.10Statistical Analysis

Statistical analyses were performed with GraphPad Prism version 8.2 (GraphPad, California,
USA). The experimental results were expressed as a mean + standard deviation. Groups were com-
pared by analysis of variance using ANOVA followed by Tukey’s post hoc test, and different letters
refer to significant differences between the means.

3. Results

3.1 MgO NPs Characterization

3.1.1 XRD Studies

Utilizing X-Ray Diffraction (XRD) model PANalytical (X pert Rro, Netherlands) equipped with a
Cu k radiation source (=1.5406 A) at room temperature, the powder crystalline size and its identifica-
tion were investigated. The sharpness of the XRD patterns illustrated in (Figure 1) revealed the char-
acteristics of MgO NPs samples calcined for 3 hours at 400, 500, and 600 °C. The patterns exhibit cubic
magnesium oxide with a single fcc phase structure, and the well-defined pure phase of MgO NPs is
indicated by the index of crystal planes (111, 200, 220, 311, and 222) for all patterns. Using the Scherrer
formula and XRD data[27], the average crystallite size was (7.05, 8.9, and 11.77) for the temperatures of
400, 500, and 600 °C, respectively.
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Figure 1:XRD patterns of MgO NPs samples calcined at 400, 500, and 600 °C.

3.1.2 Morphology and Purity Studies

A field emission-scanning electron microscopy model (Mira3-XMU, TESCAN, Japan) was utilized
to investigate the surface morphology and EDS spectra. As indicated in (Figures 2. A-C), the surface
morphology and histogram distribution of MgO NPs samples calcined at various temperatures were
examined at room temperature. The particles sized by the FE-SEM images are expected to be com-
posed of a large number of nano-crystals as identified by XRD. At temperatures of 400, 500, and 600
°C, the average particle size was (36.64, 41.27, and 51.87). EDS indicates that all unwanted precursors,
such as nitrate ions, are removed, leaving Mg and O as the main components of the product.
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Figure 2:FESEM images and frequency distribution histogram of MgO nanoparticles calcined (A) at 400 °C, (B) at 500 °C,
and (C) at 600 °C.

3.2 Magnesium Content Analysis

The analysis of Mg content after 28 days of oral administration with MgO NPs at several doses
(62.5, 125, 250, and 500 mg/kg BW) in male Wistar rats was performed for liver and kidney tissues.
Tissues were digested for Mg content analysis by ICPE-9820. The results showed that Mg accumula-
tion was significant in the livers of rats that administered with MgO NPs at 500 mg/kg (P<0.001), but
not in the livers of rats administered with other doses of MgO NPs (62.5, 125, and 250 mg/kg), as

shown in (Figure 3. A). Mg accumulation in kidney tissue did not differ significantly between the
control and all dose groups (Figure 3. B).
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Figure 3:Magnesium content of tissues analyzed by ICPE-9820 in rats after 28 days of oral treatment with 62.5, 125, 250,
and 500 mg/kg BW/day of MgO NPs in (A) liver and (B) kidney. Significantly different from control (deionized water) at * =P <0
.05, ** =P <0.01 and ***=P<0.001, n =5 animals per group.

3.3 Hematological Investigations

3.3.1 Experiment 1/ Toxicity of MgO NPs

The CBC results illustrated that the white blood count (WBC), lymphocytes (LYM), hemoglobin
(HGB), hematocrit (HCT), and mean corpuscular volume (MCV) values of the MgO NPs treated rats
after 28 days of oral administration were increased significantly in a dose-dependent manner com-
pared to the control group (P < 0.05). However, in all doses of MgO NPs, the red blood cell (RBC) and
platelets (PLT) levels of the treated rats were not changed significantly (Table 1).

Table 1:Hematological test of Wister rats after 28 days ofadministration with different doses of MgO NPs.
MgO NPs Doses (mg/kg bw/day)

Hematological pa- Control 62.5 125 250 500
rameters

WBC (103/uL) 6.850+0.99  14.63+091d 13.95+149d 13.60+0.65d 16.38+0.79d
LYM (103/uL) 5200+0.86  12.25+0.79d 12.08+0.41d 11.25+0.75d 13.76 +0.88d
RBC (106/uL) 7.523 +0.36 7.395+0.28 7.425+0.26 7.363 +0.23 7.493 + 0.45
HGB (g/dL) 1415038  15.60+0.24b 1533 +0.55a 15.50+0.53b  15.70 = 0.58b
HCT % 39.33+0.63  44.73+£096c 43.70+192b 43.15+1.41b  44.13+0.80c
MCV (fL) 5230+1.73  60.50+1.58d 58.83+0.63c 58.58+0.73c  57.88 +2.40c
PLT (103/uL) 668.8+26.92 753.5+41.88 765.0+43.64 705.5+55.26 773.5+65.47

Statistics showed a mean =+ S.D, significantly different from control (deionized water) at 2P<0.05,

bP<0.01, <P<0.001 and <P<0.0001, n=5 animals per group.

3.3.2 Experiment 2/Vitamin Supplementation

Hematological parameters were significantly changed between the control group treated only
with 500 MgO NPs mg/kg BW/days for 28 days and the other groups, which were administrated with
(500 MgO NPs mg/kg) for 28 days with different vitamins twice a week for 6 weeks. In the vitamin E +
MgO NPs treated group, HCT was significantly decreased compared to the control group (P< 0.05),
while WBC, LYM, RBC, HGB, MCV, and PLT were not changed significantly. In the mixed vitamins+
MgO NPs group, WBC, LYM, and HCT were decreased significantly compared to the control group
(P< 0.05), while RBC, HGB, MCV, and PLT levels were not changed significantly. In the Vitamin C +
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MgO NPs treated group, levels of HCT and MCV were decreased significantly compared to the control
group, P< 0.05, while levels of WBC, LYM, RBC, HGB, and PLT were not significantly changed(Table
2).

Table 2:Hematological test of Wister rats after 28 days of administration of 500 mg/kg BW/day MgO NPs with different vita-
mins.

MgO NPs 500 (mg/kg bw/day) with different vitamins.

Hematological Control (NPs) NPs and VE NPs and V Mix NPs and VC
parameters
WBC (103/uL) 16.38 +0.79 15.36 +0.90 11.05 +0.30d 15.20 +0.68
LYM (103/uL) 13.76+ 0.88 13.64 +0.58 9.775+58d 13.74 + 0.56
RBC (106/uL) 7.493 +0.45 7.370+0.21 7.350 +0.41 7.254+0.31
HGB (g/dL) 15.70 +0.58 15.44 +0.63 15.45 +0.66 14.80 +0.39
HCT % 44.13 £0.80 40.98 £1.57a 41.33 £1.31a 39.18 +1.30c
MCV (fL) 57.88 £2.40 55.60 +1.47 56.30 £ 1.65 54.00 + 0.84a
PLT (103/uL) 773.5+65.47 823.6 +61.36 729.3 +20.07 814.6 +48.50

Statistics showed a mean * S.D, significantly different from control (MgO NPs 500 mg/kg bw) at 2P<0.05, ®P<0.01, <P<0.001
and 4P<0.0001, n=>5 animals per group.

3.4 Biochemical Analysis

3.4.1 Experiment1/ Toxicity of MgO NPs

The serum biochemical tests analyzed in the male Wistar rats, which received several doses (62.5,
125, 250, and 500 mg/kg BW) for 28 days of sol-gel prepared MgO NPs. The results illustrated that
there were no significant differences in all biochemical parameters that performed between the control
group and treated groups (Table 3).

Table 3:Biochemical tests of Wister rats after 28 days of taking different doses of MgO NPs.

Biochemical parameters

MgO NPs Doses (mg/kg bw/day)

Control 62.5 125 250 500

ALB (g/dD) 428 +0.28 4.32+0.19 429+0.18 4.31+0.11 424+0.21
ALP (U/L) 218.2 +10.87 226.6 +8.23 2283 +6.34 230.3 +4.11 228.8 +8.34
ALT (U/L) 34.48 +2.17 36.68 +1.95 34.03 +2.03 36.31 +2.41 37.29+2.24
AST (U/L) 92.85+7.72 89.05 + 8.67 96.18 + 4.86 91.78 + 6.82 89.02 +4.22
LDH (U/L) 392.4+20.72  419.8+2622 420.8+25.02 425.0+44.73 438.0+22.95

TP (g/dD) 5.86 +0.55 6.48 +0.45 6.27 +0.36 6.21 +0.11 6.51+0.31
Bili T (mg/dl) 0.098 +0.006  0.093+0.006  0.100+0.004 0.100+0.007 0.096 +0.009

Mg (mg/dl) 2.50+0.13 2.54+0.16 2.55+0.17 2.41+0.18 2.58 +0.20
BUN (mg/dl) 19.60 +1.81 21.00 +£1.63 22.25+1.25 21.00 +1.82 19.80 +£1.48

CREA (mg/dl) 0.29 +£0.02 0.28 +0.02 0.29 +£0.02 0.29+0.01 0.29 +0.01

UA (mg/dl) 1.00+0.14 1.10+0.18 1.00 +0.08 0.80+0.14 0.76 £0.19
UREA (mg/dl) 38.42+2.76 44.63+ 3.72 42.35+3.93 40.13£ 3.15 39.62+2.88
CHOLI (mg/dl) 84.42 +3.49 78.55+3.33 76.85+4.24 80.03 + 6.41 78.57 +3.07
TG (mg/dl) 99.53 + 8.83 108.20+9.99  11210+8.51 102.8+13.24 91.11 +10.64
HDL (mg/dD) 58.63 + 6.92 53.63 +5.63 54.33 +7.35 54.18 +8.09 51.62 +7.99
LDL (mg/dD 20.88 +2.12 20.55 +2.59 19.91+1.94 23.33 +2.19 20.54 +2.06

Statistics displayed a mean * S.D, significantly different from control (deionized water) at 2P<0.05, ®P<0.01,<P<0.001

and 4P<0.0001, n= 5 animals/group.
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3.4.2 Experiment 2/ Vitamin Supplementation

The effects of several vitamins (vitamin C, vitamin E, and a mix of vitamin C and E) on serum
biochemistry after oral administration twice a week for six weeks on rats treated with MgO NPs 500
mg/kg for 28 days were analyzed. The results were compared with the control group treated only with
MgO NPs 500 mg/kg for 28 days. The result illustrated that aspartate transferase(AST), lactate dehy-
drogenase (LDH), creatinine (CREA), and triglyceride (TG) serum levels were significantly increased
in the vitamin E+ MgO NPs treated group compared to the control group (MgO NPs only). However,
bilirubin total (Bili T) and high-density lipoprotein (HDL) levels were decreased (P<0.05). Other pa-
rameters, such as albumin (ALB), alkaline phosphatase (ALP), alanine transaminase (ALT), total pro-
tein (TP), Mg, blood urea nitrogen (BUN), uric acid (UA), urea, cholesterol (CHOLI), and low-density
lipoprotein (LDL), were not changed significantly. In the case of vitamin C+ MgO NP treated group,
the level of LDH was increased significantly in comparison to the control group, while the levels of
ALB, TP, ALT, Bili T, and HDL were decreased significantly. Other parameters did not change signif-
icantly. The mixed vitamin E and C + MgO NPs treated group displayed that the levels of LDH, CREA,
and LDL were significantly increased compared to the control group, but the level of Bili T was de-
creased (P<0.05). The remaining parameters were not changed significantly (Table4).

Table 4:The biochemical test of Wister rats after 28 days of administration of a 500 mg/kg bw/day dose of MgO NPs with dif-
ferent vitamins.
MgO NPs 500 (mg/kg bw/day) with different vitamins.

Biochemical parameters

Control (NPs) NPs + VE NPs +VMIX NPs +VC
ALB (g/dl) 4.24+0.21 4.16+0.27 4.05+0.04 3.19+0.13d
ALP (U/L) 228.8 +8.34 207.8 +20.27 256.3 +21.53 251.2 +26.96
ALT (U/L) 37.29+2.24 36.86 +3.91 34.01 +2.49 27.01£2.59c
AST (U/L) 89.02+4.22 123.5+7.60d 91.85 +8.57 87.42 +11.48
LDH (U/L) 438.0 £22.95 771.8 +41.12d 758.5 +48.13d 751.8 + 55.50d
TP (g/dl) 6.51 £0.31 6.60 +0.45 6.25+0.07 5.30 + 0.34c
Bili T (mg/dl) 0.096 = 0.009 0.076 = 0.01a 0.077 £ 0.006a 0.077 £0.01a
Mg (mg/dl) 2.58 +0.20 2.81+0.30 2.93+0.17 2.29+0.14
BUN (mg/dl) 19.80 +1.48 17.80+0.83 18.00 +1.41 19.20+1.92
CREA (mg/dl) 0.29 £0.01 0.41£0.01c 0.44 +0.02d 0.31+0.04
UA (mg/dl) 0.76 £0.19 0.72+0.16 0.90+0.16 0.52+0.38
UREA (mg/dl) 39.62+ 2.88 37.84+1.70 35.38+2.13 39.12+2.40
CHOLI (mg/dl) 78.57 +3.07 83.12+5.26 86.58 +5.02 76.71 £5.53
TG (mg/dl) 91.11 +10.64 123.0+ 8.37¢ 102.9+ 12.89 107.3+ 6.04
HDL (mg/dl) 51.62+7.99 39.68 £4.77a 44.98 +4.80 35.48 + 4.95b
LDL (mg/dl) 20.54 +2.06 21.78 £2.10 25.20 +2.39a 17.20+2.35

Statisticsdisplayed a mean + S.D, significantly different from control (MgO NPs 500 mg/kg) at *P<0.05, ®P<0.01,
<P<0.001 and 9P<0.0001, n=5 animals/group.

3.5 Reactive Oxygen Species Detection
3.5.1 Experiment1/ Toxicity of MgO NPs

Serum ROS levels were analyzed in the Wistar rats, which received several doses (62.5, 125, 250,
and 500 mg/kg bw) of MgO NPs after 28 days of oral administration and compared to the control
group. The outcomes demonstrated that ROS levels were increased significantly in all administrated
groups with nanoparticles in comparison to the control group at P<0.05 (Figure4).
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Figure 4:Serum ROS level measured by ELISA, in Wister rats after 28 days of oral administration of 62.5, 125, 250,500
mg/kg bw/day of MgO NPs. Significantly different from control (deionized water) at * = P<0 .05, ** = P< 0.01 and *** = P<0.001, n
=5 animals per group.

3.5.2 Experiment 2/ Vitamin Supplementation

The serum ROS levels after oral treatment with MgO NPs 500 mg/kg b for 28 days with several
vitamins (vitamin C, vitamin E, and a mix of vitamins C and E) twice weekly for six weeks were ana-
lyzed . The results were compared to the control group, which received only 28 days of MgO NPs
treatment at 500 mg/kg bw. The result illustrated that the serum ROS level was increased significantly
after the administration of vitamin E and vitamin E+C with MgO NPs in comparison to the control
group (MgO NPs) (P<0.001). However, the level of ROS in the vitamin C + MgO NPs treated group
was not changed significantly compared to the control group (Figure5).
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Figure 5:Serum ROS levels were measured by ELISA in Wister rats treated with several vitamins and MgO NPs. Signif-
icantly different from control(MgO NPs) at * = P<0 .05, ** = P< 0.01, *** = P<0.001 and **** = P< 0.0001. n = 5 animals per group.

3.6 Histopathology Analysis

3.6.1 Experiment1/ Toxicity of MgO NPs

A histological investigation of the liver and kidney tissues was performed for investigation the
toxicity of MgO nanoparticles; the results are shown in (Figure 6). The rats treated with MgO nano-
particles showed some modification in the liver and kidney architecture at high dose concentrations of
500 mg/kg, while the liver and kidney of the control group displayed normal architecture.
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Figure 6:(A)The control rat kidney micrograph shows normal histological architecture, glomeruli (G), and tubules (T).
(B)The liver of the control rat group represents normal histological architecture, with central vein (*), hepatocytes (arrowhead),
kuffer cells (yellow arrow), and sinusoids (arrow). (C) The kidney of a rat administrated with 500 mg/kg of MgO nanoparticles
for (28 days) demonstrating glomerular congestion (arrow), vascular dilatation and congestion (*), eosinophilic exudative ma-
terial (bi headed arrow), and hydropic degeneration of tubular epithelial lining (arrow head).(D)The liver of a rat exposed to 500
mg/kg of MgO nanoparticles for 28 days, revealing central vein hyperemia with eosinophilic exudative material (*), infiltration
of inflammatory cells (yellow arrow), and swelling of hepatocytes (arrow head). H & E stain, 400.

3.6.2 Experiment 2/ Vitamin Supplementation

Figure 7 displays the findings from a histopathological study of the liver and kidney tissues to
determine the roles of several vitamins (vitamin E, vitamin C, and a combination of vitamin E and C)
on the toxicity of MgO nanoparticles.
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Figure 7: (A)The kidney photomicrograph of a rat exposed to 500 mg/kg MgO NPs for (28 days) and vitamin E (200
mg/kg) for (6 weeks) demonstrates glomerular hemorrhage (arrow) with increased Bowman'’s capsular space (*), degeneration
and necrosis of renal tubular epithelial cells (arrow head), and the intraluminal hyaline cast is seen within the tubular space
(yellow arrow head). (B) The liver of a rat exposed to 500 mg/kg MgO NPs for (28 days) and vitamin E (200 mg/kg) demon-
strating a central vein filled with eosinophilic material (*), with necrotic hepatocytes around it some with Karyorrhexis (yellow
arrow head), and hepatocytes showing swelling(arrow head), and activated inflammatory cells also seen (arrow).(C) The kid-
ney of rat exposed to 500 mg/kg MgO NPs and vitamin C (200 mg/kg) for (6weeks) demonstrating that treatment reduced the
occurrence of histopathological changes and reversed the nanoparticle induced lesions, T = tubules, G = glomerulus. (D) The
liver of a rat exposed to 500 mg/kg MgO NPs and vitamin ¢ (200 mg/kg) demonstrates a central vein without lesion (*), with
necrotic hepatocytes around it, some with pyknosis (yellow arrow head), and hepatocytes showing swelling (arrow head). (E)
The kidney of a rat exposed to 500 mg/kg MgO NPs and mixed vitamins for 6 weeks demonstrates glomerular congestion and
shrinkage (arrow) with increased Bowman'’s capsular space (arrow head), vascular dilatation and congestion (*), and degenera-
tion of renal tubular epithelial cells with pyknotic nuclei (yellow arrow head). (F) The liver of a rat exposed to 500 mg/kg MgO
NPs and mixed vitamins, revealing central vein hyperemia (*), infiltration of inflammatory cells (yellow arrow), and swelling of
hepatocytes (arrow head). H & E stain, 400.

4. Discussion

MgO NPs are metal oxide nanoparticles that have been used in a variety of biomedical applica-
tions. Despite the extensive use of MgO NPs, information about their cytotoxic impact on health is
limited[5]. Hence, the present study aimed to determine the best way to prepare MgO NPs by the
sol-gel method and to select the toxic dose of MgO NPs in male Wister rats afteroral administration for
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28 days. Following that, several vitamins have been used to determine their antioxidant roles in re-
ducing MgO NPs toxicity.

The properties of MgO NPs prepared by the sol-gel method and calcined at various temperatures
are determined by suitable analytical methods. The XRD analysis showed that the intensity of the XRD
peaks indicated the distinctive patterns and suggested the formation of crystalline MgO NPs samples
at 400, 500, and 600 °C for 3 hours. As the calcination temperature increased, it was observed that the
peaks became higher and sharper due to agglomeration, and crystallite size increased[28].The FE-SEM
image showed that the diameter of MgO nanoparticles is significantly larger than the size of crystal-
lites as revealed by XRD. Increasing calcination temperature influences the MgO nanoparticles' po-
rosity structure, high spherical particle aggregation, and increase in particle size[29]because of the
fusing of adjacent small particles by melting their surfaces, and the elevated surface energy of the MgO
nanoparticle [30].The EDS spectrum indicated an acceptable purity of MgO. The size of the particle is
the most important factor in its toxicity. The small size of nanoparticles allows them to easily enter the
cells, and this makes them more toxic[31].MgO NPs prepared by the sol-gel method and calcinated at
500 °C were used to investigate this study.

Bioaccumulation of nanoparticles helps to predict and understand the probable mechanism of
toxicity[6]. The bioaccumulation of Mg ions in the liver and kidney tissues of rat groups exposed to
different doses of MgO NPs for 28 days was dose-dependent. The liver of the rat group exposed to 500
mg/kg MgO NPs showed a significant accumulation of Mg in liver tissues, while the accumulation of
Mg in the liver of other groups was not significant in comparison with the control group. However, the
bioaccumulation of Mg in the kidney was not significant in all groups by the sol-gel prepared MgO
nanoparticles and that could be due to a difference in nanoparticle size and properties. Mg ions re-
leased from MgO nanoparticles pass through the digestive system and accumulate in the liver, which
is the main site of metabolism[7].The kidney is an excretory organ, so that is the second organ after the
liver that gets bioaccumulation[6].

The hematological results showed that WBC,LYM, Hb, HCT, and MCV were elevated signifi-
cantly in rats administrated by MgO NPs in a dose-dependent comparison to the control group. RBC
and PLT were not changed significantly. Increases in WBC and LYM are inflammatory responses[8,
32],that activate the innate immune system[6, 7]. However, increased Hb, HCT, and MCV could indi-
cate a greater need for oxygen, disrupting normal cell physiology [33, 34] or could be a hematopoietic
system affected[8, 32].

Nanoparticles themselves or the components that make up the particles can cause toxicity once
they exit the bloodstream and enter the liver and kidneys. Liver function tests indicate hepatic damage
and cholestasis[32, 35, 36]. Kidney function tests indicate kidney function and injury[32]. The serum
biochemistry of rats exposed to MgO nanoparticles in the study is normal in the dependent doses
compared to the control group (Table 4). Despite significant bioaccumulation of Mg ions in the liver of
rats administrated with 500 mg/kg MgO NPs, the levels of ALT, AST, and ALP did not change signif-
icantly. However, similar results were found by another study in the serum and tissue homogenate of
rats treated with 500 mg/kg MgO NPS, but there was an elevation of levels of AST and ALT in the
serum and tissue homogenate after oral administration with 1000 mg/kg MgO NPs because of the
dose-dependent toxicity[6, 7].Administration of MgO nanoparticles for 28 days caused significant
production of ROS, especially at high doses. Nanoparticle induced ROS may cause significant damage
in cells, which leads to oxidation of proteins and an unbalancing of redox potential in the cell envi-
ronment[37]. ROS disrupts membrane lipids by lipoperoxidation[38] and attaches DNA and causes
genotoxicity induced by nanoparticles[39]. Mangalampalli et al. reported altered antioxidant status in
tissue homogenates by oral administration of high dose MgO NPs[7].

Histopathological examination of kidney tissues following administration of 500 mg/kg MgO
NPs showed remarkable morphological alterations like glomerular congestion, vascular dilatation and
congestion, eosinophilic exudative material, and hydropic degeneration of the tubular epithelial lining
in kidney tissues. However, a light micrograph of the rat liver reveals central vein hyperemia with
eosinophilic exudative material, inflammatory cell infiltration, and hepatocyte swelling. Other studies
on the MgO nanoparticles revealed similar hepatic and renal changes[6, 7].
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Following the first experiment to determine the toxic dose of MgO NPs, several vitamins have
been used to determine their antioxidant roles to reduce MgO NPs toxicity. When nanoparticles are
used in complicated systems, their toxicity may have changed significantly. Several factors influence
how nanoparticles are endocytic. Like the composition, size, shape, and surface characteristics of na-
noparticles[40].The administration of supplements with nanoparticles may alter the endocytosis rate
of the nanoparticle by altering its size, zeta potential, and dissociation rate. The endocytosis rate is the
primary contributor to nanoparticle toxicity[20].

Combined treatment of MgO NPs 500 mg/kg for 28 days with Vitamin E (200 mg/kg) twice a
week for six weeks showed that vitamin E decreased HCT without any significant change in blood cell
count or size (WBC, LYM, RBC, HGB, MCV, and PLT). This decrease in HCT may be due to increasing
plasma volume by disruption in plasma volume balance caused by vitamin E or blood loss. A similar
result was obtained by another study when vitamin E was used to reduce the toxicity of the highest
concentration of paraquat[41]. This indicates that vitamin E does not have an effect on the total WBC
count and LYM.

Serum biochemistry tests illustrated that AST, LDH, and CREA serum levels were significantly
increased in the group treated with vitamin E and MgO NPS. However, Bili T was decreased, and TG
increased while HDL decreased. increase AST and ALT levels are indicators of hepatic disorders[36].
However, the activity of LDH is not specific when vital organs such as the heart, muscle, kidney, liver,
etc are injured, LDH is moved into the circulation because of changes in the permeability of the plasma
membrane by free radicals[42].Raising serum creatinine levels could indicate a kidney problem. Be-
cause the kidney is considered the second route of excretion of vitamin E [43]. TP, UA, and Bili are the
serum components that act as free radical scavengers. According to recent research, Bili is a powerful
biological antioxidant[44, 45]. The decrease of Bili T after vitamin E administration may be as a result
of increasing serum free radicals or may be due to hepatic injury. Vitamin E is known as a lipid-soluble
antioxidant. Following oral ingestion, the route of vitamin E generally follows that of other lipids[15],
so a change occurred in the levels of serum TG and HDL after vitamin E oral administration

Administration of vitamin E with MgO NPs increased serum ROS significantly. Similar results
were obtained by Abiléset al. when oxidative stress is elevated in critically ill patients by antioxidant
vitamin treatment because of changes in internal levels of components with antioxidant capacity re-
lated to redox imbalance[44].

Histopathological administration of vitamin E with MgO nanoparticles does not show any sign
of improvement in kidney and liver tissue damage caused by MgO NPs. The kidney is the main site for
the excretion of vitamin E [43]. The kidney histopathology demonstrates glomerular hemorrhage with
increased Bowman's capsular space, degeneration and necrosis of renal tubular epithelial cells, and the
intraluminal hyaline cast is seen within the tubular space. This will be the cause of a decrease in hem-
atocrit and an increase in serum creatine, AST, and LDH levels, which are linked to kidney damage.
Another sign of nephron damage isthe presence of hyaline casts. The liver histopathology demon-
strates a central vein filled with eosinophilic material, with necrotic hepatocytes around it, some with
Karyorrhexis, and hepatocytes showing swelling. Activated inflammatory cells are also seen. The liver
damage is caused by its function as the target stored organ for vitamin E[24], and the primary site of
Mg bioaccumulation[6], this may be the cause of serum Bili T depletion and elevation of AST and
LDH. A similar result was investigated when high dose subcutaneous treatment of vitamin E caused
liver injury by ALT and AST elevation, and they illustrated that may be due to hepatic necrosis[24].

Combined treatment of vitamins (E 200 mg/kg and C 200 mg/kg) twice a week for six weeks with
500 mg/kg bw/day MgO NPs for 28 days decreased WBC, LYM, and HCT levels significantly, while
RBC, HGB, MCV, and PLT levels were not changed significantly. Changes in these hematological pa-
rameters could be a result of decreased inflammatory response, the hematopoietic system being af-
fected or blood loss. The results are in the agreement with a study showed that a mixture of vitamin C
and vitamin E reduced WBC approximately to their normal values after increasing by nickel treat-
ment[46].

Biochemistry tests showed that administration of vitamin E + C with MgO NPs increased serum
LDH, creatine, and LDL while decreasing Bili T. This may be as a result of hepatic and kidney injury.
As well as serum ROS showed a significant increase, despite the anti-oxidant properties of these two
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vitamins. Histopathological examination of the kidney demonstrated glomerular congestion and
shrinkage with increased Bowman’s capsular space, vascular dilatation and congestion, and degener-
ation of renal tubular epithelial cells with pyknotic nuclei. The liver micrographs revealed central vein
hyperemia, infiltration of inflammatory cells, and swelling of hepatocytes. In contrast to the current
study, vitamin E, vitamin C, and selenium treatment reduce the toxicity, stop neutrophil infiltration,
and preserve the structural integrity of the liver[47].

A combined treatment of MgO NPs with vitamin C was tested to investigate the protective effect
of vitamin C on the toxicity induced by MgO NPs. Vitamin C decreased HCT and MCV, which could
be attributed to their effect on the hematopoietic system. However, the level of LDH was increased
significantly in comparison to the group that received only MgO NPs, while the levels of ALB, TP,
ALT, Bili T, and H DL were decreased by vitamin C administration. The liver is the site for the syn-
thesis of these proteins and pigments, so decreased levels may be due to liver problems. However,
increased LDH may indicate injury has occurred in vital organs that contain this enzyme. Serum ROS
showed no significant change following vitamin C administration and histopathological examination
of the kidney, demonstrating that treatment reduced the occurrence of histopathological changes and
reversed the nanoparticle-induced lesions. A liver micrograph demonstrates a central vein without
lesion, with necrotic hepatocytes around it, some with pyknosis, and hepatocytes showing swelling.
The results are in contrast with another study demonstrated that the combination of vitamin C and
ZnO NPs causes combined toxicity because vitamin C makes the medium acidic and the ZnO NPs
dissolution rate increases, resulting in an increase in Zn2+ inside the cells[20]. From the current results,
we infer that vitamin C was found to have a histopathological protection against MgO NPs toxicity.

5. Conclusion

The in vivo toxicity of MgO NPs produced in animal systems was found to be dose dependent.
The treatment of vitamin E with MgO NPs, as well as the combination of vitamins E and C with MgO
NPs, is not safe and has a negative impact on essential organs. Vitamin C, on the other hand, was
found to be histopathologically protective against MgO NPs. MgO NPs should be used with low doses
in biomedical applications and care should be taken when antioxidants such as vitamin C and vitamin
E are used with medications containing MgO NPs. Vitamins are recognized as being essential for
human health but taking them with nanoparticles may lead to undesired health consequences. More
research about the effects of vitamins on nanoparticle toxicity is required. The obtained results can
provide a reference for the combined toxicity of nanoparticles and vitamins.
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