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ARTICLE INFO ABSTRACT

Silica nanoparticles (SiO,-NPs) are widely used commercially in various biomedical and industrial applications.
However, their potential toxicity on human and animal health has attracted particular attention. Liposomal cur-
cumin (LP-Cur) has effective antioxidant and anti-inflammatory defense mechanism. So, this study was achieved
to assess the potential ameliorative effect of (LP-Cur) on (SiO,-NPs) induced nephrotoxicity in rats. Twenty four
adult male albino rats weighing 170.0+20.0 g, were divided into four groups: (Gp ) negative control group (re-
ceived single intraperitoneal injection of 0.9% saline, standard diet and distilled water), (Gp Il) SiO,-NPs exposed
group (received 200 mg/kg body weight intraperitoneally), (Gp Ill) SiO,-NPs and LP-Cur co-treated group
(received 200 mg/kg body weight SiO,-NPs intraperitoneally + 80 mg/kg body weight LP-Cur orally), and (Gp
IV) LP-Cur treated group (received 80 mg/kg body weight orally) for 30 days. At the end of experiment, the rats
were anaesthetized with diethyl ether in internal volume of chamber. Blood and kidney samples were collected
from all rats for biochemical, histopathological and immunohistochemical analyses. SiO,-NPs significantly in-
creased blood urea nitrogen (BUN), serum creatinine levels and malondialdehyde. Whereas they substantially
reduced the glutathione levels. SiO,-NPs also caused dilatation, congestion ofmost glomeruli in addition to,
some atrophied ones. Also, most renal tubules showed degenerative changes and marked interstitial hemor-
rhage. A significant increase in the immunoreactions of caspase-3 of SiO,-NPs exposed rats. Conversely, the
administration of LP-Cur ameliorated the detrimental toxic effects caused by SiO,-NPs. In conclusion, antiapop-
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totic and antioxidant actions of LP-Cur ameliorate the nephrotoxic effect induced by SiO,-NPs.

Introduction

Nanotechnology has gained more importance over the past few de-
cades and used in wide varieties of fields as agriculture, pharmaceutical
industries (Hozayen et al., 2019), biomedical application as tumor diag-
nosis and therapy as drug carriers in targeted drug delivery (TDD) or in
biodegradable implants as on laser tissue soldering (LTS) (Liang et al,
2018) which considered an alternative method of treatment for injuries
of hollow organs as blood vessels which help in faster procedure time,
immediate water tightness, reduced recovery time, faster wound healing
in comparison to classical micro suturing (Puca et al., 2006; Bogni et al.,
2012). On the other hand, nanoparticles are considered as foreign mate-
rials and so may cause adverse effects when they come in contact with
the body tissues and cells. As many nanoparticles cannot be effectively
eliminated, they accumulate in the body (Wang et al., 2004) and affect the
biological behavior of tissue and organs (Schrand et al.,, 2010).

According to the Consumer Products Inventory (CPI), SiO,-NPs were
found in over 100 commercial products including foods, toothpastes,
cosmetics, paints, electrical gadgets, and even medications and vitamins
(Vance et al., 2015). Because of its numerous applications, SiO,-NPs have
become the second most important engineering nanomaterial in terms
of annual output (WHO, 2017). The human body can be intentionally or
unintentionally exposed to SiO,-NPs by inhalation, oral intake, transder-
mal penetration, and parenteral injection (Yazdimamaghani et al,, 2018).
SiO,-NPs have the potential to spread almost all organs and, either di-
rectly or indirectly, result in tissue damage and inflammation (Guo et al,
2013). As previously reported, SiO,-NPs induce hazardous effects as ox-
idative stress which plays an important role in increasing ROS, lipid per-
oxidation (LPO) and depletion of glutathione (GSH) which in turn leading

to cell membrane damage, DNA damage, mitochondrial dysfunction, cell
cycle arrest, necrosis, and apoptosis (Aillon et al., 2009; Sun et al., 2011)
leading to marked histopathological alterations (Guo et al., 2013).

The kidney is particularly susceptible to toxins due to its extensive
vascularization for blood filtration and removal of toxic compounds and
their metabolites from the body (Gazia and EI-Magd, 2019; Florek et al.,
2023). Kidney is known as one of the most vulnerable organs after expo-
sure to nanoparticles (Kim et al., 2008). SiO,-NPs can be carried into the
bloodstream and deposit in target organs where the nanoparticles may
have harmful effects after translocating across biological barriers (Fruijti-
er- Polloth, 2012).

Curcumin (1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-
dione) is a naturally occurring polyphenolic compound which derived
from the rhizome of the herb Curcuma longa (Rai et al., 2010; Ghalandar-
laki et al., 2014; Hewlings and Kalman, 2017). Curcumin exhibits anti-in-
flammatory, antioxidant (Jurenka, 2009), anti-microbial and anti-carcino-
genic actions (Manconi et al., 2007; Nalli et al,, 2017). It can improve cell
viability in various disorders by reducing the cell apoptosis and necrosis
(Shehzad et al, 2017). The antioxidant potential of curcumin is derived
from its ability to scavenge the reactive oxygen species (ROS) (Jurenka,
2009; Yu et al, 2011). Curcumin also inhibited apoptosis induction in
renal tissue by inhibiting transforming growth factor-beta (TGF-B) and
caspase-3 (Awad and El-Sharif, 2011).

As the oral bioavailability and plasma solubility of curcumin are limit-
ed, the liposomal formulations were developed (Storka et al.,, 2013) which
can enhance its systemic bioavailability and tissue distribution (Gera et
al., 2017). The utilization of liposomesenhances the water solubility of
curcumin, resulting in a notable 8- to 20-fold rise in systemic exposure
when compared to the conventional curcumin suspension formulation
(Hamano et al., 2019). Liposomes were first developed from self-forming
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encapsulated lipid bilayers (Bangham, 1993). Liposomes are made up of
a hydrophilic inner aqueous chamber and a hydrophobic lipid bilayer;
high percentages of lipophilic medicines can spread in the lipid bilayers
(Signorell et al,, 2018). Liposomes have generated a lot of attention in the
field of drug delivery due to its ability to load drugs, biodegradability,
biocompatibility, and ability to prevent immunological reactions (Joshi et
al., 2019). Curcumin’s water-solubility and stability were significantly im-
proved after being enclosed in liposomes, according to Wei et al. (2020).

Materials and methods
Chemicals

The Tetraethyl orthosilicate (TEOS) was acquired from Sigma-Aldrich
Chemical Co (St. Louis, USA). Liposomal curcumin was purchased from
Healthy Drops.

SiO,-NPs synthesis by Sol-Gel method

The SiO,-NPs were prepared by hydrolyzing TEOS (silica precursor)
in a mixture of water, methanol, and ammonia (as a catalyst). In a typ-
ical synthesis approach, 10 ml of TEOS solution were added to 20 ml
methanol and 80 ml deionized water. The reaction container was kept
under vigorous stirring at 1000 rpm for 10 min and then ultrasonicat-
ed for 10 min for homogeneity. Then, ammonia solution (28-30%, Sigma
Aldrich) was added drop wise to the mixture to the methanolic aqueous
solution of TEOS over 10 min period. The reaction pH was adjusted at 11.
The clear reaction mixture slowly turned turbid due to SiO,-NPs forma-
tion. The reaction was kept under stirring for 4 h at room temperature.
The obtained white gel was collected via centrifugation and washed twice
with methanol solution (50%). Finally, the wet SiO,-NPs were air-dried at
80°C for 48 h. and crushed to obtain nano-powder using an agate mortar,
followed by sieving to avoid agglomeration.

Morphological observation

The examination of the particle morphology and size of the nanopar-
ticles that were generated was conducted using JEOL 1010 transmission
electron microscopy at Faculty of Agriculture, Cairo University, Egypt.

Experimental protocol and animal grouping
Experimental animals and ethical approval

Twenty four mature male albino rats of the same weight (170.0£20.0
g) were bought from the animal house of VACSERA, Egypt. Before the ex-
periment, the animals had a two-week adaptation period. They were kept
in polypropylene cages with a 12/12 h light/dark cycle, a room tempera-
ture of 22.0£2.0°C, and a relative humidity of 50+10%. They were given
unlimited access to food and water. The Institutional Animal Care and Use
Committee (IACUC) of Cairo University's Faculty of Veterinary Medicine
approved the experimental protocols (Protocol no: Vet CU 03162023645).
In accordance with National Institutes of Health (NIH) guidelines, rats
were handled humanely.

Experimental design

Rats were randomly divided into four groups (n.= 6) following the
time of acclimatization. Gp | (negative control): Rats received daily 0.9%
saline intraperitoneally for 30 days (Mahmoud et al, 2019). Gp Il (SiO,-
NPs administrated group): Rats treated with SiO,-NPs intraperitoneally at
a dose of 200 mg/kg (Mahmoud et al.,, 2019). Gplll: SiO,-NPs (200 mg/
kg/d) and LP-Cur orally at (80 mg/kg/d) were co-administered to the rats.
Gp IV: LP-Cur (80 mg/kg/d) was administered to rats. That was for 30 days

(Alhusaini et al., 2018).

Sample collection and preparation

Following a treatment period of 30 days, the rats were anaesthetized
with diethyl ether. After that, blood samples were collected from the oc-
ular plexus and placed in sterile glass tubes, where they would coagulate
for 20 minutes at room temperature. The blood samples were centrifuged
at 3000 rpm for 10 minutes to separate the serum and stored at -20°C
for determination of kidney function tests. Then, after cervical dislocation,
each kidney was taken immediately. A portion of the samples were kept
at -80°C to measure the parameters of oxidative stress. Other samples
were placed in 10% neutral buffered formalin (NBF) for 24 to 48 hours for
further histopathological and immunohistochemical investigations.

Biochemical analyses

Determination of kidney biomarkers (kidney function tests)

Blood urea nitrogen (BUN) was estimated using urease colorimetric
method and serum level of creatinine was measured by Kinetic jaffé re-
action. The procedures were conducted according to reagent kits follow-
ing the given instructions (spectrum diagnostics. Egyptian Company for
Biotechnology).

Renal oxidative stress biomarkers

Renal tissue was homogenized in an ice-cold 0.1-M phosphate-buff-
ered saline (pH 7.4) using tissue homogenizer. The crude tissue homog-
enate was centrifuged at 15,000 rpm for 15 min at 4°C and used to de-
termine malondialdehyde (MDA) according to Ohkawa et al. (1979) and
reduce glutathione (GSH) according to Ellman (1959).

Histopathology and immunohistochemistry

Light microscopy

The kidney specimens were subjected to dehydration using a series
of ascending ethanol dilutions. After that, the samples underwent two
successive rinses in xylene, followed by embedding in paraffin wax and
subsequent sectioning to paraffin sections of 3-4 um. The de-waxed seri-
al slices underwent staining with hematoxylin and eosin (H&E) for histo-
logical examination (Bancroft and Gamble, 2008).

Immunohistochemistry of Caspase-3

4-um renal sections were mounted on positive charged glass slides
for detection of apoptosis by Avidin-biotin peroxidase complex (Hsu et
al., 1981). The antibodies used were anti caspase-3 antibody and active
form formed in rabbit (AB3623, EMD Millipore) (active/cleaved) (Novus
Biologicals "100-56113"). Sections were incubated with previously stated
antibodies and then the appropriate reagent for the Avidin-Biotin-Perox-
idase Complex procedure (Vecta stain ABC-HRP kit, Vector Laboratories)
was applied. Each marker expression was labelled using peroxidase and
colored with diaminobenzidine substrate (DAB, Sigma) for antigen-anti-
body complex revealing.

Assessment of the immunohistochemical sections

Caspase-3 stained renal sections were assessed using Leica Quin
500 analyzer computer system (Leica Microsystems, Switzerland) in the
Faculty of Dentistry, Cairo University. The image analyzer underwent an
automatic calibration process to convert pixels into micrometer units. The
immune reactivity of Caspase-3 was quantified as a percentage of the
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total area within a standardized measuring frame. This measurement was
performed in 10 fields from distinct slides for each experimental group,
utilizing a magnification of (400X) under light microscopy. All regions ex-
hibiting brown immune staining positive for caspase-3 were chosen for
evaluation, regardless of the intensity of the immune staining. The mean
value and standard error of the mean (SEM) were calculated for each
specimen and subjected to statistical analysis.

Statistical analysis

All data was initially inspected for normality, after that they were sub-
jected to a one-way analysis of variance (ANOVA) to determine the mean
significance between groups. The results were expressed as the mean +
standard error of the mean (SEM) which was after that verified by a least
significant difference (LSD) post hoc test. A p-value < 0.05 was statistically
significant. All data were analyzed by SPSS version 17.0 software (IBM,
USA).

Results
Characterization of Silica nano particles
Transmission electron microscopy (TEM) of the prepared SiO,-NPs

was displayed spherical particles with an average size 108.80+9.6 nm (Fig.

1).
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Fig. 1. Spherical shaped SiO,- NPs with an average size 108.80+ 9.6 nm.

Biochemical investigations
Effect of SiO,-NPs and LP-Cur on kidney function

BUN and creatinine levels were used for evaluation of renal dam-
age. Fig. 2 reveals that SiO,-NPs induced asignificant (p< 0.05) increase in
BUN level from 6.3 to 11.8 mg/dL and serum creatinine level from 0.6 to
0.75mg/dL when compared with the control group. In comparison with
SiO,-NPs group, co-treatment with LP-Cur significantly (p<0.05) reduced
BUN. Similarly, co-treatment with LP-Cur significantly (p< 0.05) reduced
serum creatinine.

Effect of SiO,-NPs and LP-Cur on oxidative stress biomarkers
Renal content of GSH

Compared with a control group, renal GSH content was significantly
(p< 0.05) reduced from 152.033 to 68.12 in rats treated with SiO,-NPs.

Co-treatment with LP-Cur significantly (p< 0.05) elevated GSH to 95.88 in
comparison with SiO,-NPs treated group as shown in Fig. 3.

MDA content in renal tissue

According to the data obtained in (Fig. 3), treatment with SiO,-NPs
significantly (p< 0.05) elevated renal MDA content from 329.2 to 764.8
MMg™ tissue when compared with the control group. On the other hand,
LP-Cur treatment succussed to induce a significant (p< 0.05) reduction
in renal MDA content to 472 pMg™ tissue in comparison with SiO,-NPs-

group.
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Fig. 2. Effects of LP-Cur and SiO,-NPs on serum BUN and creatinine (mg/dL) in male rat.
Data are represented as mean + SEM. *indicates significant difference from the correspond-
ing control negative group at p<0.05. ** indicates significant difference from the SiO,-NPs
treated group at p< 0.05.
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Fig. 3. effects of LP-Cur and SiO,-NPs on renal GSH and MDA (uM g-1 tissue) in male rat.
Data are represented as mean = SEM. *indicates significant difference from the correspond-
ing control negative group at p< 0.05. ** indicates significant difference from the SiO,-NPs
treated group at p< 0.05.

Histopathological examination
Light-microscopy findings

The light microscopic examination of H&E stained renal tissues ob-
tained from the control rats (GP |) showed a normal histological architec-
ture of the renal cortex that consisted of renal corpuscle, proximal and
distal convoluted tubules. The renal corpuscle consisted of a normal glo-
merular capillary tuft with patent urinary space enveloped by Bowman's
capsule. The proximal convoluted tubules (PCT) were lined by truncat-
ed pyramidal cells with narrow lumina and the distal convoluted tubules
(DCT) were lined by cuboidal cells with wide lumina (Fig. 4a).

By contrast, renal tissue sections obtained from rats exposed to SiO,-
NPs (Gpll) revealed various histopathological alterations in the renal cor-
tex as compared to the control group. Most renal corpuscles exhibited
marked dilatation and congestion of the glomerular capillaries with nar-
row capsular space. Whereas others displayed degeneration and shrink-
age of the glomeruli with an expanded capsular space. Most PCT and DCT
exhibited marked degenerative changes represented by loss of normal
histoarchitecture with pyknosis of the nuclei of their lining cells that fre-
quently sloughed into the lumen (Fig. 4b). Furthermore, few cytoplasmic
contents are lost into the lumen of some DCT tubules (Fig. 4c). Addition-
ally, some DCT revealed pronounced loss of cytoplasmic acidophilia of
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their lining epithelial cell accompanied by pyknosis of their nuclei (Fig.
4b) and others exhibited marked lysis of the lining cells’ cytoplasm with
pyknosis of their nuclei which occasionally appeared elongated. Some
tubular cells of PCT partially lost their cytoplasmic acidophilia and others
appeared with elongated pyknotic nuclei (Fig. 4d). Vascular congestion
and inflammatory cell infiltration (Fig. 4c) in addition to, marked intersti-
tial hemorrhage were noticed in the cortex (Fig. 4d).

On the other hand, the SiO,-NPsexposed rats co-treated with LP-Cur
(Gp Il exhibited remarkable improvement in the histological structure of
the kidney. The renal cortex appeared apparently normal with less tubular
degeneration (Fig. 4e).

Conversely, renal sections obtained from rats exposed to LP-Cur (Gp
IV) showed a normal histoarchitecture similar to that observed in the con-
trol group (Fig. 4f).

Fig. 4. A photomicrograph of H&E stained sections of albino rats’ renal cortex (a) Control
group (GP I)showing normal histological structure of the renal corpuscle (RC), proximal
convoluted tubule (PCT) and distal convoluted tubule (DCT) (x400). (b:d) SiO,-NPs ex-
posed group (GP II) showing (b) Dilated and congested glomerular capillaries (G) with
narrow capsular space (yellow arrow), shrunken and degenerated glomerulus (green arrow)
with wide urinary space (red arrow), degeneration of most PCT (black chevron) and DCT
(yellow chevron) with loss of their normal histoarchitecture, complete loss of cytoplasmic
acidophilia of the lining epithelial cells of some DCT (black arrow) in addition to, some
tubular cells of PCT partially lost their cytoplasmic acidophilia (brown arrow). Notice:
sloughed nucleus of some tubular cells in the lumen (blue arrow) (x400). (c) Vascular con-
gestion (yellow star) and inflammatory cell infiltration (black star). Notice: cytoplasmic
strands in the lumen of DCT (yellow arrow) (x400). (d) Showing some degenerated DCT
with lyses of their lining cells (red star), pyknosis of their nuclei (brown arrow) which oc-
casionally appeared elongated (red arrow). Elongated pyknotic nuclei of some tubular cells
of PCT (orange arrow). Notice: Interstitial haemorrhage (green arrow) (x400). (¢) SiO,-NPs
exposed rats co-treated with LP-Cur (GP III) revealing restoration of histological structure
of the renal corpuscle with nearly normal renal corpuscle (RC), PCT (green arrow) and DCT
(brown arrow) whereas, some tubules still showed degeneration (yellow arrow) (x400). (f)
LP-Cur administered group (GP IV) showing normal renal corpuscle (RC), proximal convo-
luted tubule (PCT) and distal convoluted tubule (DCT) (x400).

Moreover, the renal medulla sections obtained from the control rats
(Gp 1) exhibited a typical histoarchitecture of the collecting tubules that
were lined with simple cuboidal cells, loop of Henel's, and interstitial
blood capillaries (Fig. 5a). While, the renal tissue of SiO,-NPs rats exposed
rats (Gp Il) exhibited various histolopathological alterations in the renal
medulla. Most collecting tubules revealed pronounced degeneration with
shedding of cytoplasmic contents as well as some nuclei in their tubular
lumina whereas, others revealed loss of their lining epithelial cells’ cy-
toplasmic acidophilia with pyknosis of most nuclei. Other degenerated
collecting tubules lost their normal cellular details with pyknotic nuclei
which occasionally appeared flattened. Furthermore, marked interstitial
hemorrhage was observed between the degenerated tubules (Fig. 5b).

On the other hand, markedrecovery of the renal medulla with few
degenerated collecting tubules as well as slight interstitial hemorrhage
were observed in the SiO,-NPs exposed group co-treated with LP-Cur
(Gp 1) (Fig. 5¢). On country, renal sections obtained from rats treated
with LP-Cur (Gp V) revealed a normal histological structure similar to that
observed in the control group (Fig. 5d).
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Fig. 5. A photomicrograph of H&E stained sections of albino rats’ renal medulla (a) Control
group (GP I) revealing intact histological structure of collecting tubules(x400). (b) SiO,-
NPs exposed group (GPII) showed most degenerated collecting tubules (C.T) appeared with
cytoplasmic contents (green chevron) and or sloughed nuclei (yellow chevron) into their
lumina and others revealed loss of cytoplasmic acidophilia of their lining cells (green arrow)
with pyknosis of most nuclei (yellow arrow) in addition to, some degenerated collecting tu-
bules lost their normal cellular details with flattened pyknotic nuclei (brown arrow). Notice
marked interstitial haemorrhage (black arrow) (x400). (c) SiO,-NPs exposed rats co-treated
with LP-Cur (GP III) revealing restoration of histological structure of renal medulla with
less degenerated tubules (yellow circle) and slight interstitial hemorrhage (yellow arrow)
(x400). (d) LP-Cur administered group (GP IV) showing normal histoarchitecture of the
collecting tubules (x400).

Immunohistochemical observations for caspase-3

Renal tissues obtained from the control rats (Gp ) exhibited neg-
ligible caspase-3 immunoreaction (Fig. 6a). Whereas, the SiO,-NPsex-
posed group displayed intense caspase-3 positive immunoreactions (Fig.
6b). In contrast, the renal sections obtainedfrom rats that co-adminis-
trated SiO,-NPs and LP-Cur (Gp Ill) showed a weak immunoreaction for
caspase-3(Fig. 6¢). Inaddition, the LP-Cur exposed group (Gp! V) showed
negligible immunoreactivity to caspase-3 reaction like the control group
(Fig. 6d).

al \."‘ 1 s , L]
Fig. 6. A photomicrograph of caspase-3 immunoreaction in the renal cortex sections (x400).
(a) Negligible caspase-3 immunoreaction in the renal tissue obtained from the control group
(GP I). (b) Intense positive immunoreactions (yellow arrows) in the tubular epithelium of
SiO,-NPs exposed group (GP II). (c) Mild caspase-3 expression (yellow arrows) in the SiO -
NPs exposed rats treated with LP-Cur (GP III) (d) Negligible caspase-3 immunoreaction in
the LP-Cur treated group (GP IV).

St

Immunohistochemical findings

Data analysis revealed a significant (p< 0.05) increase in the area
percentage covered by caspase-3 positive immunoreactive cells within
the kidney of SiO,-NPs exposed group by 54.740 fold as compared to
control group. On the other hand, Co-treatment with LP-Cur significantly
(p< 0.05) decreases caspase-3 area percentage mediated by SiO,-NPs by
16.804 fold. As shown in Table 1.
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Table 1. The ameliorative effect of LP-Cur supplementation on the area occu-
pied by caspase-3 positive immunoreactive cells in renal sections of SiO,-NPs
exposed rats.

Groups Area occupied by caspase-3 positive immunoreactive cells (%)
Gp (D) 1.181+0. 128¢
Gp (1) 54.740+2.465°
Gp (III) 16.804+0.657°
Gp (IV) 1.135+0.127¢

Values are presented as Mean+SEM, the different superscripts (*°°) within the same column
reflect significant differences at P< 0.05.

Discussion

With the wide spread use of SiO,-NPs in agriculture, cosmetics, com-
modity, and medicine, their toxicity to the animal body is a concern (Kim
et al, 2014). The kidneys are the main metabolic organs of the body and
are considered the main route of nanomaterial excretion (Almeida et al.,
2011). The kidneys, liver, lungs, and spleen considered as the target or-
gans for SiO,-NPs (Lee et al,, 2014; Liang et al., 2018). Those authors also,
reported that SiO,-NPs were found to persist longer in kidneys and liver
than any other organ. The mechanism of renal toxicity caused by SiO,-
NPs is complex and remains unclear. In the present study, we evaluated
the sub acute toxicity of SiO,-NPs exposure and the protective effect and
the possible mechanism of LP-Cur on renal impairment caused by SiO,-
NPs exposure in rats.

The analysis of renal biomarkers (BUN and creatinine) and oxidative
stress indicators (GSH and MDA) was used to monitor the protective im-
pact of LP-Cur against SiO,-NPs produced renal oxidative damage. BUN
is thought to be a main strong renal biomarker that increases in the event
of any kind of renal damage. Another renal biomarker that increases in
response to reduced glomerular filtration rate is serum creatinine, so we
measured the serum BUN and creatinine which are considered the two
classical clinical markers of renal dysfunction (Ahmed et al,, 2022). The
levels of BUN and creatinine were markedly increased in the SiO,-NPs
intoxicated group compared to control one suggesting a significant renal
damage induced by SiO,-NPs. Since BUN and creatinine are produced
during purine metabolism, their elevated serum levels could indicate fil-
tration rate alterations and be linked to kidney injury (EI Gamal et al.,
2014). These outcomes are in line with those of other researchers (Has-
sankhani et al, 2015; Badawy et al,, 2023) which indicating the nephro-
toxicity of SiO,-NPs.The decreased concentrations of kidney biomarkers
in LP-Cur treated rats indicate its defensive effects on kidneys. LP-Cur in-
creases the secretory function of kidney leading to remove the toxic sub-
stance from the blood (El-Desoky et al., 2022) thus helps to protect the
kidney tissues from SiO,-NPs -induced nephrotoxicity. The nephro-pro-
tective influence of LP-Cur was reported by several research (El-Desoky et
al.,, 2022; Machado et al.,, 2022).

Oxidative stress is one of the potential mechanisms of renal toxicity
induced by SiO,-NPs. Under normal condition, there is a balance between
ROS production and antioxidant elimination. When this balance is bro-
ken, several cellular components could be injured (Birben et al, 2012).
In order to clarify the antioxidant effect of LP-Cur on SiO,-NPs induced
nephrotoxicity in rats, the contents of malondialdehyde (MDA) and glu-
tathione (GSH) in the tissue homogenates were measured as the indi-
cators for evaluating the levels of oxidative stress in kidney. Compared
to control, the content of MDA, a classic indicator of oxidative stress,
showed a significant elevation, while the level of GSH (an intracellular free
radical scavenger nonenzymatic antioxidant) was markedly decreased in
the SiO,-NPs intoxicated group, suggesting SiO,-NPs -induced elevation
of oxidative stress and decrease of antioxidant capacity in the kidney.
The present data are in line with Badawy et al. (2023) who suggested that
SiO,-NPs increased ROS production and reduced the antioxidant defense
for renal tissue. Recent studies have shown that SiO,-NPs increase the
production of ROS, which deplete endogenous antioxidants and damag-
es biological macromolecules such as nucleic acids, lipids, and proteins
(Sun et al. 2021; Almanaa et al., 2022; Badawy et al., 2023). ROS over pro-
duction is considered an essential mechanism for SiO,-NPs induced cell
damage (Murugadoss et al., 2017) owing to the release of active oxides in
cells causing oxidative damage (Fritsch-Decker et al., 2018). As expected,
LP-Cur treatment significantly reversed these alterations induced by SiO,-
NPs suggesting that the antioxidative property of curcumin. The powerful
antioxidant effects of LP-Cur were reported by several research paper (Liu
et al., 2022; Noor et al., 2022; Salimi et al.,, 2022). The antioxidant activity
of curcumin is mediated by the electron donating groups of curcumin es-
pecially the phenolic hydroxyl group (Zheng et al,, 2017). In addition, cur-
cumin elevates the activity and expression level of antioxidant enzymes
(Wu et al, 2020). Toxicology studies have suggested that SiO, NPs can
induce adverse effects in the liver, kidney and brain (Nemmar et al., 2016;

Chan et al,, 2017; Almansour et al., 2018)

In the current study, the renal tissue of SiO,-NPs -exposed rats (GP
I) displayed multiple histopathological alterations as compared with con-
trol rats such as dilatation and congestion of glomerular capillaries, that
agrees with the result of Azouz and Korany (2021) and Abdelhalim and
Jarrar (2011) in the renal cortex of Wistar rats intraperitoneally admin-
istered 10 nm to 20 nm of gold nanoparticles (GNPs) for 7 days. This
dilatation might be attributed to the direct impact of nanoparticles on the
lining cells of the blood vessels, which might result in the release of nitric
oxide, the endothelial relaxation factor and consequently vasodilatation
(Xia et al., 2006). Furthermore, some renal corpuscles showed shrinkage
and degeneration as reported with Mahmoud et al. (2019) and Azouz
and Korany (2021). Histological changes of renal corpuscles might reflect
impaired renal function (Mohamed and Salah, 2010).

Most renal tubules (PCT and DCT) displayed marked degenerative
changes in the form of loss of normal histoarchitecture with cytoplasmic
and nuclear changes mainly pyknosis. The same findings was reported by
Ahmed et al. (2021) in renal tissue of orally administered 3% PS-NPs (poly-
styrene nanoparticles) (3 mg/kg body weight/day) for 35 days. Moreover,
inflammatory cell infiltration was observed in the renal cortex that cor-
related with Mahmoud et al. (2019); Azouz and Korany (2021) and Mehdi
and Al-Husseini (2021)'s findings. Johar et al. (2004) reported that gold
nanoparticles (GNPs) could interact with the enzymes and proteins of the
interstitial tissue of kidney inhibiting the antioxidant defense mechanism
and ROS generation, which may trigger an inflammatory response.

In the current work, the collecting tubules in the renal medulla dis-
played histopathological changes that manifested as degeneration ac-
companied by cytoplasmic strand shedding and some sloughed nuclei in
their tubular lumina. Others reported that their cells’ cytoplasmic acido-
philia had been lost, along with pyknosis of the majority of their nuclei,
which occasionally seemed flattened. This was in accordance with Ahmed
et al. (2021)'s findings.

Additionally, marked interstitial hemorrhage was observed in the re-
nal cortex and medulla between the tubules which might be attributed to
abnormal coagulation system activation following administration of SiO,-
NPs. This could lead to a decrease in coagulation factors and an increase
in vascular permeability (Nabeshi et al., 2012).

On the other hand, this study showed that the concomitant adminis-
tration of LP-Cur markedly restored the SiO,-NPs mediated histopatho-
logical changes in the renal tissue indicating the nephroprotective prop-
erty of LP-Cur against SiO,-NPs toxicity. This finding was in accordance
with El-Desoky et al. (2022); Machado et al. (2022) and Salimi et al. (2022)
studies. The nephroprotective efficiency role of the LP-Cur might be at-
tributed to its potent action inscavenging of ROS (Jurenka, 2009; Yu et
al, 2011).

This study demonstrated that the renal tissue of SiO,-NPs exposed
rats (Gpll) showed a substantial increase in the immunoreactivity of
caspase-3 as compared to the control group (Gpl). This result agreed with
Mahmoud et al. (2019) and Azouz and Korany (2021) findings. Caspase-3
is one of the vital components in renal apoptosis (Jeruc et al, 2006;
Ahmed et al., 2021). Initiation of caspase-3 can be mediated by intrinsic
factors inducing mitochondrial damage and it plays a great role in cell
apoptosis (Kusaczuk et al., 2018). Activation of caspase-3 is a great hall-
mark of DNA fragmentation and nuclear condensation in apoptotic cells
(Albasher et al., 2020; Hashim et al,, 2021). The renal cell death mediated
by SiO,-NPs could be attributed to excessive generation of ROS which
lead to mitochondrial damage (Kusaczuk et al., 2018).

Oncountry, the renal tubular epitheliumof SiO,-NPs exposed rats
co-treated with LP-Cur showed a pronounced reduction in caspase-3
immunoreaction reflecting the anti-apoptotic action of LP-Cur. In this
respect, Awad and El-Sharif (2011) illustrated that curcumin reduced
apoptosis induction in renal tissue by inhibiting transforming growth fac-
tor-beta (TGF-P) and caspase-3. Numerous studies have demonstrated
the potential protective effect of LP-Cur against oxidative stress and cell
death (Liu et al., 2022; Noor et al., 2022; Salimi et al., 2022) which might
be related to LP-Cur's ability to strengthen antioxidant defence systems
and efficiently quench ROS (Jurenka, 2009; Yu et al., 2011; Dai et al., 2016).
LP-Cur is efficient at scavenging ROS from cells, maintaining the levels of
antioxidant enzymes, preventing damage to mitochondria and arresting
the intrinsic apoptotic pathway (Choudhury et al., 2016).

Conclusion

The wide spread application of SiO,-NPs owingto their physicochem-
ical properties results in the increased possibilities of human exposure
which make a great public health concern regarding their potential tox-
icity.This toxicity was observed through asignificant increase in BUN, cre-
atinine, and MDA levels in addition to a decrease in GSH concentration.
Furthermore, the SiO,-NPs exposed group showed a pronounced alter-
ation and distortionof renal tissue in addition to, a strong positive immu-
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noreaction to caspase-3. These results demonstrate that the main risk
factor in SiO,-NPs-induced renal toxicity is oxidative stress. Interestingly,
oral administration of LP-Cur (80 mg/kg/day) can significantly improve
renal function parameters and reduce oxidative damage, histopatholog-
ical changes and apoptosis caused by SiO,-NPs intoxication (200 mg/
kg/IP daily) for 30 days.According to these findings, LP-Cur improve the
antioxidant capacity in addition to, its antiapoptotic action. Collectively,
this research confirmed that LP-Cur had a strong protective effect against
SiO,-NPs induced renal toxicity.
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