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Abstract

This study aimed to evaluate the nephrotoxic
effects of silver nanoparticles (AgNPs) in
Wistar rats using biochemical, oxidative stress
and histopathological changes. Three groups
of six rats were orally administered AgNPs
once a day for 28 days with doses of 100, 500,
1000 mg/kg bodyweight. A control group was
administered with deionized water. Blood and
kidneys were collected 24 hours after the last
treatment following standard protocols. The
activities of creatinine and blood urea nitrogen
against AgNP-induced toxicity was determined
in the serum by colorimetric microplate
assay. Various activity levels of oxidative
stress including, Catalase (CAT), Superoxide
(SOD),

dismutase Glutathione peroxidase

(GPx) and Lipid hydroperoxides (LPO) were
evaluated in the kidney tissue. Scanning (SEM)
and transmission electron microscopy (TEM)
was used to determine the histopathological
evaluation of the kidneys. A significant increase
in the levels of serum creatinine, blood urea
nitrogen, CAT and LPO, were noted in AgNPs
exposed rats compared to that in control rats.
In contrast, decreased activities of SOD and
GPx in a dose-dependent manner was observed
in AgNPs exposed rats relative to control
rats. SEM and TEM study showed significant
morphological alterations in kidneys of AgNPs
exposed rats in accordance with the biochemical
markers. The results of the study demonstrate
that AgNPs might be nephrotoxic, and its
toxicity is mediated through oxidative stress
mechanism.
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Introduction

Nanotoxicology is the study of how living
organisms, and the environment are affected
by manufactured nanomaterials. In various
fields, such as industrial applications, biological
[1],

technology, and household appliances, there

and biomedical science healthcare
is an increasing demand for nanoparticles [2-
5]. With the increasing presence of AgNPs in
commercial products, there is growing concern
about potential poisoning, but toxic evidence
on AgNPs is still not available. Analyzing the
biochemical parameters can help identify the
target organs for toxicity, reveal the general
health status of animals and contribute to an

advance information of stress in organisms.

Silver nanoparticles (Ag-NPs) also known as
nano-silver possess unique physico-chemical
properties [6], regarded as the best known
nanoproducts [7] and have been used in several
applications [8]. With the increasing use of Ag-
NPs, the public has a higher risk of exposure in
daily life, through occupational environments
and consumer products. Additionally, the
adverse effects of Ag-NPs on human health
and the environment are of increasing concern
[9]. AgNPs can easily enter the human body
due to their size via ingestion [10], inhalation
[11] as well as skin contact [12]. The various
organs such as kidneys, lungs, nervous system,
and liver are more prone to the accumulation of
AgNPs [13,14]. Besides the directly exposed
tissues, AgNPs can also be transported via blood
circulation to different organs [14]. Further,
several investigations have demonstrated
that the silver ions released from the ingested
products into the blood accumulate in the
body organs causing toxic effects in the organs
particularly in the liver and kidney [15]. AgNPs

are reported to be more toxic than the other
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nanoparticles including aluminium, nickel, iron,
and manganese [16]. However, the mechanism

of their toxicity is not clearly known.

The kidneys obtain just about 20% of the whole
cardiac output despite their small size making
the organ highly exposed to xenobiotics such as
NPs [17]. Since the key important function of
the kidneys is to eliminate the metabolic waste
and a variety of potentially harmful substances
including the excretion of NPs these organs
are the important targets for investigation
about nanoparticle exposure and hazard [18].
Kidneys possess active oxidative metabolism
that results in ROS generation which can
damage the major cellular components. The
free radicals that are produced affect the cell
integrity producing the peroxidation of lipids in
the intracellular membranes and cross linking
with the macromolecules in the membranes.
Furthermore, creatinine and urea are significant
indicators of renal function [19,20]. Owing to
the increasing rate of applications in medicine
and the widespread availability of AgNPs in the
environment, its safety on the mammalian renal

system should not be assumed [21,22].

This study provides a comprehensive overview
of the toxicity evaluation of silver nanoparticles
on Wistar rats, including the lipid hydroperoxide
assay, and the histopathological evaluation.
Hence the assessment of the harmful effects of
AgNPs is conducted by measuring the creatinine
and urea levels in the serum sample. The
induction of oxidative stress was determined by
measuring the activities of catalase, superoxide
dismutase, glutathione peroxidase and lipid
hydroperoxides. Furthermore, to get insight of
the morphological alterations, both scanning
and transmission electron microscopical
examination of the kidney tissue was carried out

in both exposed and control rats.
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Material and Methods
Chemicals

Silver nanoparticles with a particle size of less
than 100 nm were purchased from Sigma-
Aldrich (ST. Louis, MO, USA. All the other
chemicals used in the present study were of
Analytical grade and purchased from Sigma-
Aldrich, (St. Louis, MO, USA). CAT, SOD and
LPO kits were obtained from Calbiochem (CA).

TEM analysis

Transmission electron microscope (TEM)
was used to determine the size, shape, and
morphology of the silver nanoparticles. The
samples of sonicated pellet of centrifuged
AgNPs in deionized water were used for TEM
analysis. On a carbon-coated copper grid, a
drop of the homogenous suspension was placed
with a lacey carbon film and allowed to dry at
room temperature. The images were collected
using a field emission JOEL-JEM-2100F TEM

operating at 200 kv (JOEL-Tokyo, Japan).
Dynamic Light Sacttering (DLS)

The nanostructure, size and zeta potential were
measured in deionized water (DI) following
manufacturer’s protocol using a Zetasizer
(Malvern, Worcestershire, UK).

Treatment of animals

Six to eight weeks old male Wistar (Albino)
100-150  grams
were purchased from National Institute of
Nutrition (Hyderabad, India). The rats were
fed on commercial pellet diet and water-ad-

rats weighing between

libitum and were allowed to acclimate to the
laboratory conditions for 1 week prior to the
experimentation. The rats were divided into
4 groups of 6 animals each (3 experimental
and one control group). Three different
concentrations of AgNPs (100,500 and 1000
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mg/Kg) were made and administered to the
rats orally by gastric intubation. The groups (1
to 3) considered as treated groups were given
100, 500 and 1000 mg/Kg. body weight of
AgNPs suspension orally for a period of 28
days following organization for economic-
cooperation and development [21], while group
4 considered as control was given deionized
water. This study followed the guidelines of
IAEC (Institutional Animal Ethics Committee)
and the protocol was approved by the local
Ethics committee for animal experiments at
Nizam College, Hyderabad, India. The doses
were selected based on the preliminary acute
oral toxicity of AgNPs [23]. Both the control
and the treated animals were maintained at a
temperature of 22-25°C with relative humidity
of 30-70% and 12 hours light and 12 hours
darkness respectively. The treated animals were
monitored daily for any behavioral changes,
food consumption and body weight. After
24 hours of last administration of the dose,
all the treated animals along with the control
were sacrificed by cervical dislocation and the
blood samples were collected immediately
from the ventricle through cardiac puncture
by disposable syringe. The blood was allowed
to clot at room temperature and the serum
was separated by centrifugation at 1500 g
for 10 minutes and used for the estimation of
creatinine and blood urea. Simultaneously the
kidney tissue was removed and rinsed with the
saline solution (0.9% NaCl) for the evaluation
of oxidative stress. The kidney tissue was
removed, weighed, and homogenized. About
10% of the tissue homogenate was prepared
separately in 0.05 M phosphate buffer (P" 7.4)
containing 0.1 mM EDTA using a homogenizer
followed by sonication and centrifugation
at 500x g for 10 minutes at 4°C. Further, the
supernatant was decanted and centrifuged at
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2000x g for 60 minutes at 4°C. The cellular
fraction thus obtained is used for the assay of
Catalase (CAT), Superoxide dismutase (SOD),
Glutathione Peroxidase (GPx) and Lipid
hydroperoxides (LPO).

Serum creatinine assay

Serum creatinine was determined following
the procedure adopted from the method of
Folin and Wu, described in Hawk, by Oser
and Summerson. The method is based on Jaffe
reaction where creatinine reacts with the picrate
ion formed in an alkaline medium to develop
a red-orange color. The color produced from
the sample is compared with that produced by
a known amount of creatinine under the same
condition in a colorimeter at a wavelength of
505nm. To prepare 1 mM (1n mole/mL) standard
solution, about ten milliliters of 100 mM (100
nmole/mL) of creatinine standard solution was

added to 990 mL of creatinine assay buffer.

Then 0,2,4,6,8 and 10 mL of 1 mM creatinine
standard solution was added into a 96 well plate
generating O (blank), 2,4,6,8 and 10n mole/well
standards. The creatinine assay buffer was added
to each well to make the volume 50 mL. Fifty
milliliters of the reaction mixture were added to
each of the wells and mixed using a horizontal
shaker or by pipetting followed by incubation
at 37°C for 60 minutes. The absorbance was
measured at 570 nm (A570). The concentration
of creatinine was calculated using the formula.

C=Sa/Sv

Sa = Amount of creatinine in unknown sample

(n mole) from standard curve.
Sv = Sample volume (mL) added into the wells.

C = Concentration of creatinine in sample.
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Blood urea nitrogen assay

The blood wurea nitrogen was determined
using the Max Discovery blood urea nitrogen
enzymatic kit (BIOO Scientific, Austin, Texas,
USA) which measures the concentration of urea
using the urease enzyme that converts urea to

ammonia.
urease

It is a microplate-based colorimetric assay
used for the determination of urea in the serum
sample. About 0.2-1 ml of blood sample were
allowed to coagulate in a micro-centrifuge tube
at 37°C for 20 minutes and then centrifuged
at 9000 rpm for 5 minutes. The supernatant
(serum) thus obtained was transferred to a clean
tube. Then the serum sample was diluted to
1:4 ratio in either normal saline or phosphate
buffer saline (PBS) (dilution factor=5). About
5 uL of the diluted serum was added to the
microplate wells in duplicate followed by the
addition of 150 pL of the urease mix solution.
The plate was then gently tapped 3-4 times for
proper mixing of the sample and the enzyme
and was incubated at room temperature for 15
minutes. Then about 150 pL of alkaline hypo
chlorite solution was added to each well and
incubated at room temperature for 10 minutes.
The absorbance of each sample was measured
in duplicate at 620 nm. A calibration curve of
urea standards was then used to determine the
concentration of urea in the samples. The blood
urea concentration (dilution factor) in the well
can be determined using the equation.

Blood urea concentration = dilution factor x
(Average absorbance-Y intercept) slope

Catalase (CAT) assay

The catalase activity in the kidneys was
determined following the method of [24].
In brief, the kidney tissues were rinsed with
phosphate buffer, P* (7.4) to remove the excess
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amount of blood and were homogenized (1:8
w/v) in cold buffer containing 50 mM potassium
phosphate, P"" 7.0 and 1mM ethylene diamine
tetra acetic acid (EDTA) per gram tissue. Then
the supernatant was used as the enzyme source
and analyzed with 96 well plates using the
commercial catalase assay kit. The method is
based on the reaction of catalase with methanol
in the presence of an optimal concentration
of H,O, and the formaldehyde produced was
measured. Three replicates of 20 puL sample
were taken and mixed with 100 uL of 100 mM
potassium phosphate (P" 7.0) and 30 pL of
methanol. The reaction was initiated by adding
20 pL of 35 mM hydrogen peroxide followed
by incubation of the mixture on shaker for 20
minutes at room temperature. The reaction
was then terminated by adding 30 pL of 10 M
potassium hydroxide. About 30 pl of 4-amino-
3-hydrazino-5-mercapto-1,2,4-triazole was
added to the three replicates of each sample and
then incubated on a shaker at room temperature
for 10 minutes. After incubation, about 10 pl
of Calbiochem supplied potassium periodate
was added to the mixture and again incubated
at room temperature for 5 minutes. Finally, the
absorbance of the reaction mixture was recorded
at 540 nm using 96 well plate reader. A reference
standard was prepared using formaldehyde
solution.

Superoxide Dismutase (SOD) assay

The SOD activity in the kidneys was analyzed
following the method of [25]. The method is
based on the utilization of a tetrazolium salt for
detection of superoxide radicals generated by
xanthine oxidase and hypoxanthine. In brief, the
tissues were rinsed with phosphate buffer (P"
7.4) containing 0.16 mg/ml heparin to remove
the excess amount of blood. The tissues were
then homogenized (1:8 w/v) in cold 20 mM
HEPES buffer (P 7.2) containing 1 mM EGTA,
210 mM mannitol and 70 mM sucrose per gram
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tissue. The tissue homogenate was centrifuged at
1500% g at4°C for 5 minutes and the supernatants
were analyzed with 96 well plate using the
commercial SOD assay kit. Three replicates of
10 puL of each sample were taken and mixed with
200 pL of radical detector. The radical detector
was prepared using 50 pL of Calbiochem
supplied tetrazolium salt solution and 19.95 mL
of 50 mM Tris-Hcl (P" 8.0) containing 0.1 mM
diethylenetriamine penta acetic acid (DTPA)
and 0.lmM hypoxanthine. The reaction was
then initiated by adding 20 mL of xanthine
oxidase followed by incubation of the reaction
mixture on a shaker at room temperature for 20
minutes. The xanthine oxidase was prepared
using 50 pL of Calbiochem suppled xanthine
oxidase solution and 1.95 mL of 50 mM Tris-
HCI (P" 8.0). After incubation, the absorbance
of the reaction mixture was measured at 450
nm using 96 well plate reader. The standard
reference curve was prepared using the solution
of bovine erythrocyte SOD.

Glutathione Peroxide (GPx) assay

The GPx activity in the kidney tissue was
determined following the method of [26].
The method indirectly measures the GPx
activity by a coupled reaction with glutathione
reductase. In brief, the kidney tissues were
perfused with phosphate buffer saline (PBS),
(P" 7.4) containing 0.16 mg/mL heparin to
remove the excess blood. The tissues were then
homogenized (1:8 w/v) in cold homogenizing
buffer containing 50 mM Tris-Hel (P" 7.5),
5SmM EDTA and 1mM DTT per gram tissue.
The homogenates were centrifuged at 10,000%
g at 4°C for 15 minutes and the supernatants
were separated. Three replicates of 20 uL of
each sample was then mixed with 100 pL of 50
mM Tris-HCI (p" 7.6) containing SmM EDTA
and 50 pL of co-substrate mixture (Calbiochem
supplied NADPH, glutathione, and glutathione
reductase). Further, the reaction was initiated
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by adding 20 pL of cumene hydroperoxide
solution. The reaction mixture was mixed well,
and the absorbance was recorded at 340 nm.

Lipid Hydroperoxide (LPO) assay

The LPO activity in the kidney tissue was
analyzed using the commercial LPO assay
kit. The method directly measures the lipid
hydroperoxides utilizing redox reactions with
ferrous ions. The produced hydroperoxides
are highly unstable and thus react readily with
the ferrous ions to form ferric ions, which are
detected using thiocyanate ion as chromogen.
The Calbiochem supplied lipid hydroperoxides
solution was used as a reference standard.
Briefly, the kidney tissues were homogenized
(1:8 w/v) in cold HPLC grade water. Then about
500 pL of each tissue homogenate was taken in
a test tube and equal volume of Calbiochem
supplied Extract R saturated methanol was
added to it. The mixture was then vortexed for
a few minutes and 1mL of cold deoxygenated
chloroform was added to it and again vortexed
thoroughly. The mixture was centrifuged at
1500% g at 0°C for 5 minutes and the bottom
chloroform layer was collected. About 500 pL
of the bottom chloroform was mixed with 450
pL of chloroform: methanol (2:1) mixture and
50 pL of Calbiochem supplied thiocyanate ion
(chromogen). The mixture was then incubated
for 5 minutes, and the absorbance of each
sample was measured at 500 nm wavelength
using a spectrophotometer.

Statistical analysis

One-way analysis was used for the comparison
of the data through Statistica version 5.0
(Statsoft, India). The results were expressed
as Mean £ S.D. The value of p < 0.05 was

considered statistically significant.
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Histopathological Evaluation

Sample preparation for Scanning Electron
Microscope (SEM) study

The collected kidney tissue from both control
and treated rats were washed in normal saline
to remove the excess blood and fixed in cold
Karnovsky fixative [27,28].

After one hour, the kidney tissue is cut into
small slices of about 10-50 nm size and fixed
in fresh cold Karnovsky fixative for overnight
at 4°C. Then the samples were washed 3 times
with 0.2 M sodium cacodylate buffer with 30
minutes interval and post fixed with 2% buffered
osmium tetroxide for 2 hours at 4°C, washed
again in SCB 3 times with 30 minutes interval
and dehydrated by passing through ascending
grades of ethanol, from 30% to 100% at 4°C for
one hour. Then 100% ethanol was added again
to the tissue samples and kept for another hour
at room temperature for complete dehydration.
Then the samples were removed from 100%
ethanol and air dried under high vacuum (10~
Torr) at room temperature (25°C) for one day
followed by treatment of the tissue sample with
HMDS (1.1.1.3.3.3 Hexa Methyl Disilazane)
and dried under vacuum for 2 hours to complete
drying [29]. The dried tissue samples were
mounted on aluminum stub with double sided
adhesive tape and coated with ionic gold (300A)
in sputter coating unit E-1010 (Hitachi, Japan)
at high vacuum. The processed tissue samples
were then scanned under scanning electron
microscope (SEM) (S3400N Hitachi, Japan) at
15 kv, and high vacuum (10”7 Torr) and scanned
pictures were taken in different magnifications.

Sample preparation for Transmission
Electron Microscope (TEM) Study

For TEM studies, the collected kidney tissues
from both control and treated rats were washed
in normal saline to remove excess blood and
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fixed in cold karnovsky fixative. After one hour,
the kidney tissues were removed and were cut
into slices of about 1-10 mm size by using a
scalpel blade [30]. The tissue slices were fixed
in cold karnovsky fixative for overnight at 4°C
followed by washing 3 times with 0.1 M sodium
cacodylate buffer with 30 minutes interval to
remove the excess fixative and post fixed with
2% buffered osmium tetroxide for 2 hours at 4°C.
The tissue samples were washed again in SCB 3
times with 30 minutes interval and dehydrated
by passing through ascending grades of ethanol
from 30% to 90% kept for 30 minutes interval and
100% ethanol for one hour at 4°C. Then 100%
ethanol was added again to the tissue samples
and kept for another hour at room temperature
for complete dehydration. The dehydrated
samples were then cleared in propylene oxide
and infiltrated in tandem with propylene oxide
and epoxy resin mixture. Then fresh pure resin
was added to the samples and kept for 2 hours
at room temperature. The samples were further
embedded with resin mixtures in plastic beam
capsules of Icm size and polymerized by
keeping them in a vacuum oven for 24 hours
at 50°C and for another 24 hours at 60°C. The
prepared blocks were removed from the vials
and ultrathin sections of the tissue sample were
cut with glass or diamond coated knife using
ultramicrotome (Leica Ultracut; UCT-GA,
D/E-1600). The cut sections (60-70 nm) were
collected and placed on a double coated 200
mesh copper grid and were double stained with
uranyl acetate and lead citrate. The sections
were analyzed by Hitachi H-7500 Transmission
electron microscope (TEM) at 60-80 kv under
high vacuum (10”7 Torr) and the pictures were
taken as per required magnification [31].

Results

Figure 1 represents transmission electron
microscope images of the size, shape, and

morphology of AgNPs. It showed that
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silver nanoparticles were well dispersed and
predominantly spherical in shape. Figure 2
represents the results from DLS showing the
particle size with an average diameter of 39 nm
and at least 7 nm diameter respectively.

1.‘ » 50 nm

Figure 1) TEM photo of AgNPs.

Size Distribution by Intenaity
o N O 1
tafeesseandunsesas '“L ................
g” ................ :.1| tmesesseimaanaaal

o L J \
Sire (r.nm)
A

Figure 2) A) represents the results from DLS showing the
particle size with an average diameter of 39 nm and at

least 7 nm diameter respectively. B) Zeta potential (33.2).

93



Clinical Symptoms, food consumption, body
weight, organ weight and general activity

No mortality, gross effects or any significant
differences in food consumption or body weight
and organ weight were observed in any of
the treated rats throughout the experimental
period when compared with the control group.
However, the treated rats revealed a marked
decrease in their activity. The treated rats
showed abnormal behavioral patterns such as
lethargy and irritation.

Biochemical analysis

Catalase (CAT): The results of the catalase
assay are presented in Figure 3. The results
showed an increase in the catalase activity in
AgNPs treated rats compared to control. The
catalase activity was found to be 623.40 =+
6.66 for control and 832.50 + 7.20,1014.90 +
8.14 and 1330.04 = 10.01nmole/min/gm/tissue
for 100, 500 and 1000mg/kg dose of AgNPs
respectively. There was a dose-dependent
increase in the catalase activity compared to
control. However, statistically significant effect
was observed in the highest two doses, 500 and
1000 mg/Kg compared to control.

Jatt Aves }000

=

1400
1200

1000 ' I I
0 100 500 1000

AgNF (mg/kg)

]
=1

IS
S S

CAT Activity(nmole/min/gm.tissue
2
[=] o

Figure 3) Effect of silver nanoparticles on the activity of
catalase in kidney of Wistar rats. Data represents mean
+SD. Statistical significance (p<0.05).

Superoxide Dismutase (SOD): The results
of the SOD activity of control and treated rats
of kidney are presented in Figure 4. The SOD
activity levels in kidney were 1.64 + 0.07 for
control and 1.02 = 0.04, 0.69 = 0.02 and 0.54 +
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0.01 U/gm/tissue for 100, 500 and 1000 mg/kg
dose of AgNPs respectively. The SOD activity
decreased with the increasing concentration
of AgNPs in treated rats compared to control.
However, the SOD activity was significantly
decreased in the highest two doses, 500 and
1000 mg/Kg treated rats compared to control.

18
g 16
2
= 14
12
2
I’E.
=08
-]

06
g
3 04

0.2

0
0 100 500 1000

AgNP mg/kg
Figure 4) Effect of silver nanoparticle on the activity
of superoxide dismutase in kidney of Wistar rats. Data

represents mean +SD. Statistical significance (p<0.05).

Glutathione Peroxidase (GPx): The results of
the glutathione peroxidase activity of control
and treated rats are presented in Figure 5. The
glutathione peroxidase levels were found to be
38.5 = 0.38 for control and 30.5 £ 0.25, 25.6
+ 0.17 and 20.10 £ 0.10 nmole/min/gm/tissue
respectively for 100, 500 and 1000 mg/Kg dose
of AgNPs. The glutathione peroxidase activity
in kidneys was found to be decreased in all the
treated groups compared to the control group.
However, there was a significant decrease in
500 mg/Kg and 100 mg/Kg dose of treated
groups compared to the control group.

30
25
15
10
0 100 500

1000

S
[l

GPx Activity(nmole/min/gm.tissue
]
(=]

[=T ]

AgNP (mg/kg)
Figure 5) Effect of silver nanoparticles on the activity
of glutathione peroxidase in kidney of Wistar rats. Data
represents mean +SD. Statistical significance (p<0.05).
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Lipid
hydroperoxide

Hydroperoxides (LPQO): Lipid

assay was performed to
determine the hydroperoxide levels in kidney
of both treated and control groups. The LPO
levels in kidney of treated and control groups
are presented in Figure 6 and were found to
be 35.70 + 2.30 for control and 56.18 + 3.50,
79.10 = 3.91 and 85.25 £ 4.50 uM/gm/tissue
for 100, 500 and 1000 mg/Kg dose of AgNPs
respectively. The LPO levels of the kidneys
were found to be significantly increased in a
dose dependent manner in all the treated groups
compared to the control group. However, highly
significant increased LPO levels were found in
500 mg/Kg and 1000 mg/Kg dose of treated
groups.

120

100
T 80
Z
&

g 60
20
g
= 40
E.
1
£ 2
<
=}
& 0
|
0 100 500 1000

AgNP (mg/kg)
Figure 6) Effect of silver nanoparticles on the activity

of lipid hydroperoxide in kidney of Wistar rats. Data
represents mean +SD. Statistical significance (p<0.05).

Serum Creatinine: The mean values of the
serum creatinine are presented in Figure 7.
The serum creatinine levels were found to be
significantly increased in all the treated groups
in a dose- dependent manner when compared
to the control group. The results yielded serum
creatinine levels of treated rats as 2.35 £ 0.08,
3.64+1.63 and 4.18 + 1.70 mg/dL for 100, 500
and 100 mg/Kg dose of AgNPs respectively
relative to control group (0.70 = 0.08 mg/dL).
as shown in the Figure. There was a significant
increase in the serum creatinine levels of treated
rats. However, the increase was statistically
significant in the highest two doses, 500 and
1000 mg/Kg relative to control.
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Figure 7) Effect of silver nanoparticles on the activity
of serum creatinine in Wister rats. Data represents mean
+SD. Statistical significance (p<0.05).

Blood wurea Nitrogen (BUN):
represents the blood urea nitrogen (BUN) in
rats exposed to AgNPs. The results of BUN
were obtained as 30.17 + 1.50 for control and
41.0 +2.3, 50.0 + 3.1and 63.3 + 4.5 mg/dL for
100, 500 and 100 mg/Kg dose of AgNPs treated
rats. Rats exposed to AgNPs elevated the levels

Figure 8

of BUN in a dose-dependent manner. However,
the increase was statistically significant in the
highest two doses, 500 and 1000 mg/Kg dose

compared to control.
80

70
40
30
20 ‘
10
0
0 100 500

1000

(S =1)
(=2 =)

BUN Activity (mg/dL)

AgNP (mg/kg)
Figure 8) Effect of silver nanoparticles on the activity

of BUN in kidney of Wister rats. Data represents mean
+SD. Statistical significance (p<0.05).

Histopathological evaluation: In the present
study, the
was done using both scanning and electron

histopathological  evaluation
microscope study. The results of the SEM study
are shown in Figure 9 for control and treated
rats respectively. The kidney of the control
rats showed normal surface architecture when
compared with the treated rats. The kidney of
the control rats showed normal glomeruli with
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blood capillary cells and intact tubules. However,
gross morphological changes were observed in
the treated group showing inflammation with
abnormal and loss of capillary tubules.

The ultrastructural examination of the rat
kidney using TEM showed glomeruli with
tubules (Figure 10). The glomeruli were normal
with uniformly formed functional units called
the tubules and its interstices containing the
hematopoietic tissue (Figures 10A and 10B).
The kidney tissue showed intact glomeruli with
normal brush border, basement membrane and
cell organelles including nuclei, mitochondria,
and membranous vesicles. Further, the glomeruli
also showed normal mesangial cells with normal
basement membrane in the capillary tufts with
few red blood cells (RBCs) in their lumen and
normal surrounding primary and secondary

ISSN 2563-9218

processes of the intact podocytes. However,

significant morphological alterations were
observed in the treated rats when compared with
the control group (Figures 10C and 10D). The
morphological changes were more prominent at
1000 mg/Kg dose of AgNPs as against the other
two doses. The kidney of treated rats showed
abnormal glomeruli with inflammation and
loss of capillary tubules. The glomeruli showed
podocytes with swollen and elongated primary
and secondary processes. The renal epithelium
showed a thickened basement membrane. The
glomerular epithelial cells were also found to
be swollen. Further, the cytoplasm showed a
few mitochondria with destroyed cristae and

numerous membranous vesicles and lysosomes

filled with electron dense material (Figures 10E
and 10F).

Figure 9) Effect of silver nanoparticles on the histopathology of kidney in Wistar rats. A) Scanning Electron Micrograph

of Rat Kidney (Control) showing normal glomeruli with intact capillary tubules. B) Scanning Electron Micrograph

of Rat Kidney (100 mg/kg) showing inflammation with abnormal and loss of capillary tubules. C) Scanning Electron

Micrograph of Rat Kidney (500 mg/kg) showing damaged bowman's capsule with tubules and glomerular tuft. D)

Scanning Electron Micrograph of Rat Kidney (1000 mg/kg) showing capillary network, podocytes, and erythrocytes.

Mag: 2000 Area: 40 um.
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Figure 10) Effect of silver nanoparticles on the histopathology of kidney in Wistar rats. A) Transmission Electron

Micrograph of Rat Kidney (Control) showing normal glomeruli with tubules. B) Transmission Electron Micrograph of
Rat Kidney (Control) showing tubular epithelial layer in the basement membrane with intact nucleus and cell organelles.
C) Transmission Electron Micrograph of Rat Kidney (100 mg/kg-AgNP) showing inflammation with loss of tubules. D)
Transmission Electron Micrograph of Rat Kidney (500 mg/kg AgNP) showing swollen podocytes with mitochondria,
rough endoplasmic reticulum and thickening of basement membrane in the capillary tuft. E) Transmission Electron
Micrograph of Rat Kidney (1000 mg/kg AgNP) showing abnormal glomeruli with swollen podocytes, thick basement
membrane, RBC, s, mitochondria, and vacuoles. F) Transmission Electron Micrograph of Rat Kidney (1000 mg/kg

AgNP) showing membranous vesicles, lysosomes, and mitochondria with destroyed and loss of cristae.

G: Glomerulus; N: Nucleus, v: Vacuole; m: Mitochondria,; b: Brush border; D: Debris; bv: Blood vessel; en: Endothelial
cell; c¢: Capillary tuft; p: Podocyte; RER: Rough Endoplasmic Reticulum; RBC: Red Blood Cell; V: Vesicle,; Ly: Lysosome.
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Discussion

This study highlights the nephrotoxic effects
induced by oral administration of Ag-NPs in
Wistar rats, as evidenced by elevated levels
of serum creatinine and blood urea nitrogen.
Furthermore, AgNPs
increase in CAT and LPO activities, followed

caused a significant
by a decrease in SOD and GPx activities in a
dose- dependent manner. Histopathological
evaluation using SEM and TEM study showed
significant  morphological alterations in
kidneys. It has been known that nanoparticles
enter the systemic circulation and then spread
to the liver, spleen, and kidneys. The kidneys
play a significant role as they can filter the
NPs out of the systemic circulation. In doing
so, they are exposed to damage via those NPs
that they have filtered from the blood. Many
studies on morphological, pathological as
well as cellular changes from exposure to the
NPs that caused renal dysfunction have been
reported. Nonetheless, very few studies have
discussed the potential toxic effects of NPs on
renal function. The mechanism by which the
nanoparticles impact the tissue or disrupt the
physiological processes is through generation
of reactive oxygen species [32]. The antioxidant
defenses comprising of the enzymatic and
non-enzymatic are very essential as they are
responsible for direct removal of free radicals
thus providing protection for the biological
tissues including kidneys.

The
administration of AgNPs to rats had adverse

present study demonstrated oral
effects on the antioxidant status of the kidney.
The first antioxidant defense mechanism against
the toxic effect of ROS in the tissues is carried
out by CAT and SOD enzymes. The CAT and
SOD play a prominent role in the antioxidation

and elimination of ROS [33].

Int J Biomed Clin Anal Vol 3 No 2 December 2023
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The conversion of superoxide radicals to H,O,
is executed by SOD enzyme while the CAT
enzyme decomposes H,O, into water and
oxygen. In the present study, the increase in lipid
hydroperoxides (LPO) and depletion in the GSH
content were accompanied by an increase in
CAT activity and a decrease in SOD activity after
treatment of rats with different concentrations of
AgNPs. The increase in CAT activity suggests
an adaptive mechanism to reduce the toxic
effects of elevated levels of H,O, in the kidneys
of AgNPs exposed rats. Further, an increase in
the CAT activity has been correlated with the
over production of H,O, under stress conditions
[34]. SOD enzyme is considered as the first line
of defense against oxygen toxicity owing to its
inhibitory effect on oxyradical formation [35].
The inhibition of SOD activity in the present
study could be due to high flux of superoxide
radicals resulting in H,O, production in cells
as advocated by [33]. Furthermore, high levels
of H,O, upregulate CAT activity and down
regulate SOD activity as suggested by [36].
Hence, the elevation of the CAT activity in
the present study could be due to its extensive
involvement in the degradation of resulting
H,O, molecules. In the present study, the LPO
activity increased significantly in the treated rats
compared to control rats. The increase in LPO
(Lipid hydroperoxides) in the kidney tissue of
treated rats suggest enhanced lipid peroxidation
to tissue damage and failure of antioxidant
mechanisms to prevent the production of
excess free radicals. The GPx (glutathione
peroxidase) levels declined significantly in the
AgNPs treated rats compared to control. GPx
is important for cell survival. GPx is present in
majority of the cells responsible for hydrophilic
conjugation of xenobiotics and is probably the
most important protective mechanism for free-
radical scavenging and inhibition of xenobiotics
electrophilic attack on cellular macro molecules
[37]. The decline in the GPx content suggests
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over utilization in the detoxification process
to cope with the oxidative stress. Additionally,
when excessive ROS is produced, the levels
of LPO will rise and GPx levels will decline
signify that the treated rats suffered severe

oxidative stress conditions.

The present study also revealed elevated levels
of serum creatinine and blood urea nitrogen
(BUN) in treated rats compared to the control
rats on administration of AgNPs. High levels
of serum creatinine and blood urea nitrogen
indicate improper functioning of the kidneys
which could be due to several factors including
kidney damage or infection and reduced blood
flow to the kidneys due to shock heart failure
[18]. Similar results were reported by [38] in
albino rats and in Wister rats [39-41] exposed

to silver nanoparticles. The results of these

ISSN 2563-9218

biochemical markers were further supported
by the histopathological evaluation of the
kidney tissue using SEM and TEM studies
corroborating with the results thus bearing a
testimony to our present findings.

Conclusion

This that
exposure of male Wistar rats to AgNPs induced

study demonstrated long-term
oxidative stress as evidenced by antioxidant
enzyme activities with a subsequent increase in
lipid peroxidation and marked morphological
alteration in the exposed rats. The biochemical
and structural changes were more prominent in
increased dose and prolonged exposure. The
study thus concludes that despite the benefits of
AgNPs, it is important to test the safety of the
use of different doses on vital organs such as
kidneys.
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