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Abstract

Background and Objective: Considering the increasing use of silver nanoparticles in various products, including industrial
and medical products, serious worries have been created regarding the potential dangers of silver nanoparticles. This study
was conducted to determine the effect of silver nanoparticles on the kidney tissues of quercetin-treated NMRI rats.

Methods: In this experimental study, 24 adult male NMRI rats were randomly divided into 4 groups of 6. The groups
included the control group, the silver nanoparticles group (500 mg/kg/bw), the quercetin group (50 mg/kg/bw), and the silver
nanoparticles (500 mg/kg/bw) + quercetin (50 mg/kg/bw) group. Silver nanoparticles were fed orally on a daily basis for 35
days. Quercetin was injected intraperitoneally on a daily basis for 42 days. At the end of the study, after taking blood from
the rats, the dissection, tissue passaging, and Heidenhain’s Azan staining stages were carried out. The total volumes of the
kidney, cortex and medulla, renal corpuscle, and glomerulus were evaluated by a stereological method. A qualitative
assessment of apoptotic cells was performed using the tunnel method. The amount of malondialdehyde (MDA) in blood
serum was specified as an indicator of lipid peroxidation by the Buege and Aust method.

Results: Comparing the body weight and kidneys, and the total kidney, cortex, and medulla volumes showed no statistically
significant difference between the silver nanoparticles group and the control group. The silver nanoparticles group showed a
significant increase in the total mean renal corpuscle volume, glomerular volume, tuft volume, Bowman’s capsule membrane
volume, and the amount of MDA compared to the control group (P<0.05). Also, a statistically significant reduction was
observed in the silver nanoparticles group in the total mean volume of Bowman’s capsule and capillary spaces compared to
the control group (P<0.05). Quercetin could reduce the detrimental effects of silver nanoparticles on kidney cells as much as
the control group; however, apoptosis was not shown in kidney cells in the group treated with quercetin. Assessing the cells
in the silver nanoparticles group indicated the creation of apoptosis. The amount of serum MDA in the silver nanoparticles
group showed a statistically significant increase compared to other groups (P<0.05).

Conclusion: The results of this study demonstrated that quercetin could reduce the detrimental effects of silver nanoparticles
on kidney cells as much as the control group.
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Introduction

ilver nanoparticles are 1-100 nm in diameter. This size causes
S certain features or behaviors in these substances. Serious concerns
have been raised about the potential risks of nanoparticles.
Considering their small size and surface-to-volume ratio, nanoparticles can
react with biological molecules, penetrate cell membranes and the nucleus,
give rise to indirect oxidative damage to DNA, inflammatory responses, and
oxidative stress, and increase lipid peroxidation. Intracellular absorption and
distribution of silver nanoparticles in cells underlie toxic and biological
effects. For nanophagocytic eukaryotic cells, silver nanoparticles can have
cytotoxic and immunotoxic effects and lead to apoptosis, necrosis, and
reduced cell proliferation, depending on the concentration and time.
Therefore, there are potential risks in using them.

Quercetin, as a key member of the polyphenol family, is mostly found in
various vegetables and fruits. The anticancer properties of quercetin are due
to various cell signaling mechanisms and its ability to inhibit enzymes
responsible for cancer activation. Research demonstrates the protective
effects of quercetin on the liver, heart, kidneys, neurons, and DNA against
damaging factors. Quercetin has antioxidant and anti-inflammatory features
so that it leads to maintaining the glutathione serum levels and reducing the
malondialdehyde serum levels, nitric oxide metabolism, superoxide
formation, and release of oxidant and inflammatory mediators. The current
study was conducted to determine the effect of silver nanoparticles on the
kidney tissues of quercetin-treated NMRI rats.

Methods

In this experimental study, 24 adult male NMRI rats with an approximate
weight of 3242 g were randomly divided into 4 groups of 6. The groups
included the control group, the silver nanoparticles group (500 mg/kg/bw,
the first experimental group), the quercetin group (50 mg/kg/bw, the second
experimental group), and the silver nanoparticles (500 mg/kg/bw) +
quercetin group (50 mg/kg/bw) (the third experimental group). Silver
nanoparticles were fed orally on a daily basis for 35 days, and quercetin was
injected intraperitoneally on a daily basis for 42 days.

Silver nanoparticles with a diameter of 20 nm and a purity of 99.99% were
purchased from the Iranian Nanomaterials Pioneers Company. Quercetin
used in this study was purchased from the SIGMA-ALDRICH Company
with a purity of 98% with a formula C 15H 1007.

After the treatment period, the rats were anesthetized, blood samples were
taken from the rats’ hearts to assess the biochemical parameters, and the left
kidneys were removed. After separating the capsule, the submerged weight
of the kidney was measured. The immersion method was used to calculate
kidney volume. Then, after being washed in normal saline, the kidneys of
each group of rats were coded separately and placed in Bouin’s fixative for
24 hours for tissue confirmation. Afterward, the isotropic uniform random
(IUR) cutting was taken from them.

After calculating tissue shrinkage, prepared slides were prepared using
Heidenhain’s Azan staining.

The actual kidney volume, the cortex volume, the medulla volume, the
renal corpuscle volume, and the glomerular volume were calculated and
determined.

The apoptosis rate was measured using a tunnel technique and tunnel kit
(Roch in situ cell death detection kit). The slides were assessed by an
Olympus microscope (BX41TE), and their apoptotic cells were observed and
calculated. Moreover, the Buege and Aust method was used to measure
malondialdehyde.

Results

No statistically significant difference was observed in kidney volume
between the silver nanoparticles group compared to the control group and the
silver nanoparticles + quercetin group, while a statistically significant
reduction was observed compared to the quercetin group (P<0.04).

The renal corpuscle volume in the silver nanoparticles group indicated a
statistically significant increase compared to other groups (P<0.002). The
total mean glomerular volume in the silver nanoparticles group showed a
statistically significant increase compared to the control group and the
quercetin group (P<0.02) but no statistically significant difference compared
to the silver nanoparticles + quercetin group. The comparison of the tuft
volume in different groups showed a statistically significant increase in the
silver nanoparticles group compared to other groups (P<0.001). The
capillary volume in the silver nanoparticles group was statistically
significantly decreased compared to other groups (P<0.001). The mean
volume of Bowman’s capsule membrane revealed a statistically significant
increase in the silver nanoparticles group on the surface compared to other
groups (P<0.001). The mean volume of Bowman’s capsule space in the
silver nanoparticles group indicated a statistically significant reduction
compared to other groups (P<0.001).

Assessing the serum malondialdehyde rate among different groups of rats
showed a statistically significant increase in the silver nanoparticles group
compared to other groups (P<0.001).

Kidney cells under treatment with silver nanoparticles were severely
apoptotic and turned brown. For example, the glomerulus and its
components got shriveled and wrinkled, and the brown color was evident in
them. In the antioxidant quercetin-treated group, this antioxidant could
prevent apoptosis in kidney cells, inhibit glomerulus shrinkage, and reduce
shrinkage in renal tubules.

Conclusion

The glomerular, renal corpuscle, tuft, and Bowman’s membrane volumes
significantly increased in the silver nanoparticles group compared to other
groups; however, the Bowman’s space and capillary volume decreased
compared to other groups. The proximal tubular volume was reduced in the
silver nanoparticles group compared to other groups; however, it was not
significant. Examination of serum malondialdehyde among different groups
of rats indicated a significant reduction in the silver nanoparticles group
compared to other groups, and a significant reduction was also observed in
the silver nanoparticles + quercetin group compared to the silver
nanoparticles group.

Silver nanoparticles can induce excessive reactive oxygen species (ROS)
production, which can finally culminate in cell death through various
mechanisms, including lipid peroxidation and increased membrane
permeability, signaling cascade activation involved in the mitochondrial
pathway, disturbances in autophagy changes and DNA damage, and cell
growth prevention.

The cytotoxicity mechanisms of nanoparticles are dependent on various
characteristics, such as concentration, temperature, the type of culture
medium used, and nanoparticle size. Silver nanoparticles interact with cell
membrane proteins and give rise to the production of toxic oxygen radicals,
destruction of nucleic acids and proteins, and finally, cell death.
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Silver nanoparticles lead to inflammation, necrosis, and apoptosis in the cortex and

medulla, reduced capillary volume, glomerular inflammation, and swelling,

reduced Bowman's space, and increased malondialdehyde. Quercetin prevents

kidney tissue injuries caused by the treatment with silver nanoparticles.
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