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ABSTRACT 

Article information 

 

Background: Silver nanoparticles [AgNPs] are commonly used nanomaterials, and 

they are considered more hazardous than other metal nanoparticles. 

Aim of the work: The current work aimed to assess the toxic impacts of AgNPs on 

the kidneys of adult male albino rats through biochemical, GADD45A gene 

expression, and histological studies. Additionally, the study aimed to evaluate 

the potential therapeutic effects of Platelet-rich plasma [PRP] and the recovery 

of these impacts after discontinuation of AgNPs intake without any treatment 

Materials and Methods: This controlled clinical trial study comprised 28 rats 

divided into four groups: control, AgNPs [10 mg/kg/day] for 28 days, AgNPs 

for 28 days followed by PRP administration [0.5 ml/kg] twice weekly for three 

weeks, and AgNPs for 28 days with a subsequent three-week period of auto-

recovery after the last dose of AgNPs. The treatment was administered 

intraperitoneally. Serum levels of creatinine, urea, uric acid, Tumor Necrosis 

Factor-α, and Interleukin 6, kidney tissue levels of superoxide dismutase, 

reduced glutathione, and malondialdehyde, GADD45A gene expression, 

histological changes of the kidney, and an immunohistochemical study of an 

apoptotic marker [Bax] were assessed. 

Results: The findings of the current study revealed that administration of Ag-NPs 

produced toxic effects on the rats’ kidney. These effects were indicated by 

disturbances in kidney functions, oxidative stress markers, inflammatory 

markers, and GADD45A gene expression, relative to the control group. 

Histologically, there was observed distortion of renal structure, and renal 

tubular cells and glomeruli showed strong positive immunoexpression of Bax 

compared to the control group. However, these effects improved after the 

administration of PRP. In the auto-recovery group, where Ag-NPs 

administration was ceased, there was a slight improvement compared to the 

Ag-NPs toxic group. 

Conclusion: Ag-NPs have toxic effects on the kidney, but the use of PRP led to the 

improvement of this toxicity. The auto-recovery group showed only minimal 

improvement. 
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INTRODUCTION 

Silver nanoparticles [AgNPs] are metallic 

silver particles with a size of 1–100 nm [1]. 

Among the 1800 compounds that contain 

nanomaterials, AgNPs are the most significant 

and widely used [2]. As nanoparticles [NPs] and 

other nanomaterials are present in every aspect 

of life, so concerns about their toxicity and other 

effects on the body have been raised [3].  

The majority of airborne exposure to NPs 

occurs in the workplace, when these products 

are being manufactured, their transport, and the 

formulation of products from them, or handling 

of them in the storage facilities. As well, 

widespread consumer exposure by direct contact 

with engineered nanomaterials containing 

products and oral inhalation is likely to take 

place [4]. 

The biological effects of NPs are influenced 

by several factors including, shape, particle size, 

and tissue-interaction potential [3]. The distinct 

physical and chemical properties of silver 

nanoparticles make them of interest [e.g. the 

shape and size affecting its electrical, optical, 

and magnetic properties]; this implies that they 

play a part in antibacterial applications, 

cryogenic superconducting materials, composite 

fibers, biosensor materials, cosmetic products 

and electronic components. They are wide-

spread in the environment due to it is utilization 

in various industries [5]. The most concerning 

feature is their capacity to contaminate soil and 

groundwater, which are the main exposure 

routes [6].  

They are utilized in water purification, food 

packaging, ink products, paints, medical 

imaging devices, medical catheters, wound 

dressing, cancer diagnosis and treatment, 

molecular diagnosis, compounds of joint 

replacement, dental materials, cardiovascular 

implants, microelectronics, contact lenses, drug 

stabilization, consumer products as well as in 

battery cell components for active medical 

implants [7]. 

Silver nanoparticles may be consumed 

directly through food, water, cosmetics, 

medications, and drug delivery system [8]. After 

ingestion, AgNPs can enter the bloodstream and 

circulate throughout important organs such 

liver, kidney, heart, lungs, and brain raising 

concerns regarding their acute and chronic toxic 

consequences [6].  

According to reports, AgNPs are more 

hazardous than other metal nanoparticles like 

iron, manganese, aluminum and nickel [9]. The 

metallic composition of AgNPs further 

increases the toxicity of NPs [10]. NPs may result 

in alterations in gene expression, inflammation, 

oxidative stress, apoptosis, cell signaling, 

cytokine production, cytoskeletal modifications, 

and altered vesicular trafficking [3].  

The epithelial cells of the renal tubules may 

be exposed to these nanoparticles when plasma 

ultrafiltration takes place in the renal glomeruli 

so damage can occur to them [11]. The severity 

and predominance of chronic kidney infection 

and acute renal injury make them important 

health problems [12].  

Over the past ten years, the utilization of 

biological therapy in the treatment of various 

illnesses has significantly increased, particularly 

the use of platelet-rich plasma [PRP]. PRP is a 

globally recognized new treatment method that 

has been employed in numerous medical fields 
[13]. PRP is an autologous blood derivative with 

a high platelet concentration in a small volume 

of plasma. Because it is a low-cost human 

byproduct, it is used as an alternative treatment 

for several diseases and it reduces the likelihood 

of adverse effects and rejection [14].  

Platelet-rich plasma contains important 

growth factors that influence tissue repair, such 

as alpha granules of activated platelets, which 

enhance chemotaxis, fibroplasia, and angio-

genesis [15].  

This study aimed to assess toxic impacts of 

AgNPs on the kidney of adult male albino rats 

by biochemical, expression of growth arrest and 

DNA damage inducible gene [GADD45A] and 

histological studies and to estimate the possible 

curative effects of PRP on these effects and if 

the toxic effects on the kidney will be improved 

after stoppage of AgNPs intake alone without 

any treatment. 

MATERIALS AND METHODS 

Drugs and Chemicals 

1. Silver nanoparticles [AgNPs] were 

purchased from NanoTech Egypt, City of 6 

October- Al Giza- Egypt.  

Properties of AgNPs: colloidal solution, 

dark yellow, and water soluble. With 
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concentration of 2000 ppm. Average size by 

transmission electron microscope [TEM] was 

45±5nm. Spherical shape by [TEM]. 

2. Platelet-rich plasma [PRP] was 

prepared in the Faculty of Medicine [for girls], 

Al-Azhar University, according to Pazzini et al. 
[16].  

Experimental animals: In this controlled 

clinical trial study, adult male Albino rats of 

average weight about 180–230 grams and 8 

weeks old were utilized. Prior to the start of the 

experiment, they were kept under proper 

conditions for one week for adaptation. They 

preserved in stainless steel cages in a well-

ventilated animal house at normal temperature 

[22 °C ± 5 °C] under a 12:12-hour light–dark 

cycle. They were fed with normal feeding and 

distilled water. 

Ethics statement: Animals were handled 

according to regulations of experimental 

research ethics designed by the Research Ethics 

Committee of the Faculty of Medicine for Girls 

Al-Azhar University, Egypt, based on the 

Laboratory Animal Care and Use Guide [17]. 

Experimental Design 

Animals were split into 4 groups after a 

week of acclimation 7 rats each as follows:  

Group [I], negative control [rats were only 

given normal feeding and distilled water]. 

Group [II], Silver nanoparticles [AgNPs] 

group [rats were given silver nanoparticles [10 

mg/kg/day intraperitoneally [ip] daily for 28 

days [18]. 

Group [III], Rats received AgNPs [10 

mg/kg/day ip for 28 days [18], followed by 

administration of Platelet-rich plasma [PRP] 

[0.5 ml/kg. ip] twice weekly for three weeks 24 

hours after last dose of AgNPs as a treatment 
[19]. 

Group [IV], Rats received AgNPs [10 

mg/kg/day [ip] for 28 days [18], then left for 3 

weeks after the last dose of AgNPs for auto-

recovery.  

Serum and tissue collection 

At the end of the experiment, diethyl ether 

was administered by inhalation to anaesthetize 

the rats, blood samples were withdrawn from 

retro- orbital sinuses of the rats by using 

capillary tubes and collected in dry clean glass 

tubes and allow to clot for 10-20 minutes at 

room temperature; they were centrifuged at 

2000-3000 RPM for 20 minutes to separate the 

sera. The sera were stored at -20 °C to be used 

for biochemical analysis of kidney function tests 

[creatinine, urea and uric acid] and 

inflammatory cytokines [Tumor Necrosis 

Factor- α [TNF-α] and Inter-leukin 6 [IL-6]]. 

The animals were euthanized by 

decapitation while they under anesthesia 

induced by diethyl ether inhalation. Both 

kidneys were carefully dissected out and 

washed with sterile saline before preservation. 

The right kidneys were immersed in a 10% 

formaldehyde solution for histological studies 

using a light microscope, immunohistochemical 

study [specifically for the immune-expression of 

an apoptotic marker [Bax]], and morphometric 

analysis. The left kidneys were perfused with a 

phosphate-buffered saline [PBS] solution and 

then frozen at -80 °C. These frozen kidneys 

were used for molecular studies to examine the 

expression of the growth arrest and DNA 

damage-inducible gene [GADD45A], as well as 

to assess antioxidant activities [including 

superoxide dismutase [SOD], reduced 

glutathione [GSH], and malondialdehyde 

[MDA]].  

Biochemical analysis 

1. Kidney function tests: creatinine 

[mg/dl], urea [mg/dl] and uric acid [mg/dl] were 

measured in serum colorimetrically by 

Spectrophotometric measurements, using 

standard kits.  

2. Inflammatory cytokines: A: TNF-α: 

was assessed in serum via using Rat TNF- α 

Enzyme-Linked Immunosorbent Assay [ELISA] 

Kit, B: IL-6: was evaluated in the serum by 

using Rat IL-6 Enzyme-Linked Immunosorbent 

Assay [ELISA] Kit. 

3. The antioxidants activities: were 

assessed in the kidney tissue by Enzyme-

Colorimetric method. A: Superoxide dismutase 

according to Nishikimi et al. [20].  Glutathione 

reduced according to Beutler et al. [21]. 

Malondialdehyde according to Ohkawa et al. 

[22].  
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Molecular study: GADD45A gene expression 

Extraction of the total RNA is according 

to Qiagen Kit: The RNA was isolated from rat 

kidney tissues using TRIzol® reagent. Total 

RNA purification from kidney tissues utilizing 

miRNeasy® Mini Kit. At the end of the 

purification procedure the extracted RNA will 

be evaluated to ensure that the extracted RNA 

was well purified and free of contamination, this 

was achieved by measuring the extract by U.V 

spectrophotometer at wavelength 260/280 nm 

[we use Denovix Spectrophotometer AGBL 

USA]. 

Converting extracted RNA into Double 

Stranded DNA [ds DNA] for PCR reaction: 

The conversion was achieved by reverse 

transcriptase according to the Qiagen 

QuantiTect RT kit. 

For quantitative, real-time PCR: 

Optimized kit was used that includes Taq 

polymerase; primers; quantitative, real-time 

PCR buffer; nucleotides and SYBR® Green I 

dye.  

Primer sequence for GADD45A [target 

gene] and GAPDH housekeeping gene 

[reference gene] is shown in table [1]. 

Table [1]: Primer sequence for GADD45A [target gene] and GAPDH housekeeping gene [reference 

gene] 

Gene  Primer Sequence Tm Product size [bp] Accession Number 

GADD45A 

[target gene] 

F: CAGAGCAGAAGACCGAAAG 

R: CACGCCGACCGTAATG 
56 95 [NM_024127.2] 

GAPDH 

[reference gene] 

F:TCAAGAAGGTGGTGAAGCAG 

R:AGGTGGAAGAATGGGAGTTG 
55 100 [NM_017008.4] 

GADD45A: growth arrest and DNA damage inducible gene; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase. 

 

PCR data analyzed by double delta Ct 

analysis that assumes 

1.  Average of Ct values for housekeeping 

gene and gene under test in experimental and 

control circumstances were taken, providing 

four values. The 4 values were Gene being 

Tested Control [TC], Gene being Tested 

Experimental [TE], Housekeeping Gene Control 

[HC] and Housekeeping Gene Experimental 

[HE]. 

2.  Differences between experimental values 

[TE – HE] and control values [TC – HC] was 

Calculated. These were \DeltaΔCt values for the 

experimental [\DeltaΔCTE] and control 

[\DeltaΔCTC] conditions, respectively. 

3. Difference between the \DeltaΔCT values 

for experimental and control conditions 

[\DeltaΔCTE – \DeltaΔCTC] to achieve double 

delta Ct value [ddCt] was determined. 

4. Value of 2^{-2\Delta\Delta 

C_{t}}−2ΔΔCt was calculated the to get 

expression fold change. 

 

 

Figure [1]: DNA gel Electrophoresis of PCR product for the GADD45A gene

Histological study 

Light microscope: Kidney samples were 

collected and prepared for light microscopic 

examination. They were fixed by immersion in 

10% neutral formalin for 3 days. Sections of 5 

um thickness were obtained from the paraffin 

blocks by using a rotary microtome and stained 
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with Haematoxylin and Eosin stain [H&E] for 

examining general structure [23] and staining 

collagen fibers with Sirius red stain [24].  

Immunohistochemical study of BAX [a 

marker of apoptosis]: Primary antibody was 

employed to sections and incubated for [1.5 h]. 

After that PBS was used to wash sections for 5 

minutes each. A secondary antibody was added 

with incubation of sections for 20 min, followed 

by 3 times 5-minutes washes in PBS. The 

sections were counterstained using Mayer's 

hematoxylin. Positive results were detected as 

brown cytoplasmic granules [25].  

Morphometric study: Area percentages of 

collagen were measured in Sirius red stained 

section. Moreover, area percentages of BAX 

were measured in immune-stained sections. 

From each group 10 non overlapping 

microscopic fields on × 400 magnification were 

used. This was done with image analyzer 

interactive measuring menu [LeciaQwin 500 

image analyzer computer system, England] at 

Pathology Department's Image Analyzing Unit, 

Faculty of Dentistry, Al-Azhar University, 

Egypt. 

Statistical analysis: The data were 

expressed statistically using means± SD with 

analysis of variance by using one-way 

[ANOVA] test followed by Tukey’s post-hoc 

test. The level of P-value > 0.05 is significant; 

P-value ≤ 0.05 is non-significant. Statistical 

analysis was done according to the computer 

program SPSS V20 for Windows. 

RESULTS 

Effects on renal function tests [table 2]: 

Silver nanoparticles [AgNPs] administration in 

AgNPs toxic group [G II] caused a significant 

elevation in serum levels of kidney function 

tests relative to their corresponding values in 

control rats [G I] [p< 0.05].  

Platelet-rich plasma [PRP]- treated group 

[G III] revealed a significant decrease in serum 

creatinine, urea and uric acid [P< 0.05] in 

comparison to G II and their values returned 

back to normal [p>0.05 versus normal control 

group].  

In the auto-recovery group [G IV] the 

values of renal function tests remained 

significantly higher than the normal control 

group [P< 0.05 for creatinine, urea, and uric 

acid], and the values were midway between the 

corresponding values in Ag-NPs toxic group 

and PRP- treated group with insignificant 

change versus both [p>0.05]. 

Effects on oxidative stress markers [table 

3]: AgNPs administration in G II caused a 

significant increase in the kidney tissue levels of 

malondialdehyde [MDA] and superoxide 

dismutase [SOD] and a significant decrease in 

Glutathione reduced [GSH] relative to normal 

control rats [p< 0.05].  

In PRP- treated rats [G III] MDA remained 

significantly higher than the normal control 

group [G I] [p< 0.05], but significantly less than 

Ag-NPs toxic group [G II] [p< 0.05]. The 

kidney tissue levels of both SOD and GSH 

returned back to normal [p> 0.05 versus G I]. 

Also, there were a significant reduction in SOD 

level and a significant increase in GSH in 

comparison to Ag-NPs toxic group [p< 0.05]. 

In the auto-recovery group [G IV] the 

kidney tissue levels of MDA and SOD remained 

significantly higher and the GSH level 

maintained at a significantly lower value than 

the normal control group [p< 0.05]. But MDA 

revealed a significant reduction in its level 

relative to AgNPs toxic group [p< 0.05], while 

SOD and GSH were insignificantly changed 

relative to it [p> 0.05]. Finally, MDA and SOD 

in the auto-recovery group were significantly 

higher and GSH was significantly less than their 

corresponding values in PRP treated group. 

Effects on inflammatory markers [table 

4]: AgNPs administration in G II caused a 

significant increase in Tumor Necrosis Factor- α 

[TNF-α] and Interleukin 6 [IL-6] serum levels 

relative to normal control rats [P< 0.05]. In 

PRP- treated rats [G III], serum TNF-α returned 

back to normal [p> 0.05 versus G I], while IL-6 

was significantly higher than the normal control 

group [P< 0.05]. But levels of both TNF-α and 

IL-6 were significantly lower than their 

respective values in Ag-NPs toxic group [P< 

0.05].  

In the auto-recovery group [G IV] TNF-α 

and IL-6 serum levels remained significantly 

higher than normal control group [P< 0.05]. 

However, their levels were significantly less 

than Ag-NPs toxic group [P< 0.05]. TNF-α 

level was close to its corresponding value in 

PRP- treated group [p> 0.05] and IL-6 was 

significantly higher [P< 0.05].  
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Effects on GADD45A gene expression 

[table 5]: GADD45A gene expression increased 

significantly in AgNPs toxic group [G II] With 

regard to the normal control group [P< 0.05]. 

After PRP treatment in G III, the gene 

expression decreased significantly in 

comparison to G II [P< 0.05] and returned back 

to normal [p> 0.05 versus G I]. 

In auto-recovery group the gene expression 

remained significantly higher than normal 

control group [P< 0.05]. But it showed 

significant decrease relative to Ag-NPs toxic 

group and significant increase relative to PRP- 

treated group [P< 0.05].  

Histological evaluation 

H&E-stained sections: Inspection of H&E 

stained renal cortex sections of the control 

group [I] showed the renal corpuscle which 

appeared as a dense rounded structure 

consisting of glomerular capillaries surrounded 

by parietal and visceral layers of Bowman's 

capsule that were formed of simple squamous 

epithelium, the two layers were separated by 

Bowman’s spaces, Also, proximal convoluted 

tubules [PCTs] showed narrow lumina lined 

with high cuboidal cells with deep acidophilic 

cytoplasm and basal rounded vesicular nuclei. 

Distal convoluted tubules [DCTs] had wider 

lumina lined with cubical cells with rounded 

central nuclei [figure 2A].  

Renal cortex Sections of group [II] revealed 

marked changes in the renal cortex in 

comparison to the control group. Renal 

corpuscles displayed a marked shrinkage of 

their glomeruli with widening of bowman's 

space. Some renal tubular cells exhibited 

cytoplasmic vacuoles and deeply stained nuclei. 

Other tubular cells revealed rarefaction. There 

are many other tubules displayed marked 

tubular dilatation and reduction of their cellular 

height and some of them contain cellular debris 

in their lumen. There was also a deposition of 

connective tissue [CT] in between the tubules 

[figure 2B, 2C]. The renal cortex interstitium 

showed heavy cellular infiltration [figure 2D] 

with congestion of blood vessels [figure 2E]. 

Renal cortex Sections of group [III] 

revealed more or less keeping of normal 

histological structure of the renal cortex, which 

is formed of normal renal corpuscles and intact 

PCTs and DCTs. Except a few tubular cells 

showed cytoplasmic vaculations [figure 2F]. 

Examination of H&E renal cortex stained 

sections of group [IV] revealed moderate 

improvement on the architecture of the renal 

cortex. Some of the glomeruli appeared normal 

and some other still show shrinkage of their 

glomeruli and widening of their bowman's 

space. Also, some of the tubular cells appeared 

normal and some other cells showed 

cytoplasmic vaculations [figure 2G]. 

Sirius red- stained sections: Sirius red- 

stained sections of the group [I] exhibited 

normal distribution of collagen fibers that 

noticed as fine collagen fibers stained red 

around renal corpuscles and between renal 

tubules [figure 3A]. Group [II] displayed 

marked deposition of collagen fibers around 

renal corpuscles and tubules [figure 3B, 3C].  

Sections of group [III] revealed a marked 

decreased amount of collagen fibers around 

renal corpuscles and tubules [figure 3D]. Group 

[IV] showed moderate deposition of collagen 

fibers around renal corpuscles and tubules 

[figure 3E].   

Immunohistochemistry: Bax immune-

marker expression, kidney tissue of the group 

[I] revealed negative immunoreactivity for Bax 

in glomeruli and renal tubular cells [black 

arrows] [figure 4A]. Group [II] demonstrated 

strong positive cytoplasmic Bax expression in 

glomeruli and renal tubular cells [figure 4B]. 

Sections of the renal cortex of group [III] 

revealed weak cytoplasmic Bax expression in 

glomeruli and some renal tubular cells [figure 

4C]. Group [IV] revealed moderate cytoplasmic 

Bax expression in glomeruli and renal tubular 

cells [figure 4D].   

The mean changes in the Area percentage 

of collagen and BAX in different studied 

groups [table 6]: Ag-NPs administration in [G 

II] caused a significant increase in Area 

percentage of collagen   and   Area percentages 

of BAX relative to normal control rats [P< 

0.05]. In the PRP- treated rats [G III] Area 

percentage of collagen remained significantly 

higher than the normal control group [P<0.05], 

but significantly lower than the Ag-NPs toxic 

group [G II] [P< 0.05]. Area percentage of BAX 

returned back to normal.    

In the auto-recovery group [G IV] Area 

percentage of collagen and Area percentages of 

BAX remained significantly higher than the 

normal control group [P<0.05]. However, their 

levels were significantly less than the Ag-NPs 
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toxic group [P<0.05]. The Area percentage of 

collagen and Area percentage of BAX level 

were significantly higher [P<0.05] than their 

corresponding values in the PRP- treated group 

[p> 0.05]. 

Table [2]: One-way ANOVA followed by Tukey’s post-hoc test comparative statistical analysis of 

creatinine, urea, and uric acid mean values in different groups 

Groups Creatinine [mg/dl] Urea [mg/dl] Uric acid [mg/dl] 

Mean ± SD Mean ± SD Mean ±SD 

G I [Control]  0.591±0.024 25.429±2.637 2.457±0.199 

G II [AgNPs toxic group] 0.934±0.170 a* 39.857±7.798 a* 5.221±1.268 a* 

G III [PRP treated group] 0.686±0.094 b* 32.286±5.024 b* 3.376±0.230 b* 

G IV [auto-recovery group] 0.821±0.101 a,c * 37.000±2.160 a,c * 4.354±0.423 a,c * 

ANOVA F 13.059 11.392 21.361 

P-value <0.001* <0.001* <0.001* 
AgNPs: silver nanoparticles; PRP: Platelet-rich plasma; SD: standard deviation; *P< 0.05 “significant”; a: significant 

versus control group [G I]; b: significant versus AgNPs toxic group [G II]; c: significant versus PRP treated group [G III]. 

Table [3]: One-way ANOVA followed by Tukey’s post-hoc test comparative statistical analysis of 

the kidney tissue oxidative stress markers means values in different groups  

Groups MDA [nmol/gm tissue] SOD [U/gm tissue] GSH [mg/gm tissue] 

Mean ± SD Mean ± SD Mean ± SD 

G I [Control]  1.013±0.140 38.000±7.483 30.286±3.402 

G II [AgNPs toxic group] 3.703±0.370 a* 67.571±5.533 a* 16.143±3.716 a* 

G III [PRP treated group] 2.480±0.466 a,b* 45.000±10.246 b* 26.286±4.152 b* 

G IV [auto-recovery group] 2.994±0.119 a,b,c * 58.000±4.619 a,c * 19.857±2.673 a,c * 

ANOVA F 91.410 22.939 22.637 

P-value <0.001* <0.001* <0.001* 
AgNPs: silver nanoparticles; PRP: Platelet-rich plasma; MDA: malondialdehyde; SOD: superoxide dismutase; GSH: 

Glutathione reduced; SD: standard deviation; *P< 0.05 “significant”; a: significant versus control group [G I]; b: significant 

versus AgNPs toxic group [G II]; c: significant versus PRP treated group [G III]. 

Table [4]: One-way ANOVA followed by Tukey’s post-hoc test comparative statistical analysis of 

serum inflammatory cytokines [TNF-α and IL-6] mean values in different groups  

Groups TNF- α [pg/ml] IL-6  [ng/L] 

Mean ± SD Mean ± SD 

G I [Control]  40.380±1.876 32.469±1.097 

G II [AgNPs toxic group] 59.497±6.318 a* 83.504±4.508 a* 

G III [PRP treated group] 45.563±3.096 b* 43.577±2.415 a,b* 

G IV [auto-recovery group] 49.634±0.771 a,b * 58.057±8.905 a,b,c * 

ANOVA F 34.208 127.612 

P-value <0.001* <0.001* 
AgNPs: silver nanoparticles; PRP: Platelet-rich plasma; TNF- α: Tumor Necrosis Factor- α; IL-6: Interleukin 6; SD: 

standard deviation; *P < 0.05 “significant”; a: significant versus control group [G I]; b: significant versus AgNPs toxic group 

[G II]; c: significant versus PRP treated group [G III]. 

Table [5]: One-way ANOVA followed by Tukey’s post-hoc test comparative statistical analysis of 

mean changes in the GADD45A gene expression compared to Reference gene [GAPDH] in 2- ΔΔCt 

fold change value in different studied groups 

Groups Relative expression of GADD45A gene in 2- ΔΔCt 

Fold Change 

Mean ± SD 

G I [Control]  1.005±0.062 

G II [AgNPs toxic group] 3.987±0.054 a* 

G III [PRP treated group] 1.748±0.042 a,b* 

G IV [auto-recovery group] 3.073±0.057 a,b,c * 

ANOVA F 4213.005 

P-value <0.001* 
GADD45A: growth arrest and DNA damage inducible gene; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; 2- 

ΔΔCt: double delta cycle threshold; AgNPs: silver nanoparticles; PRP: Platelet-rich plasma; SD: standard deviation; *P< 

0.05 “significant”; a: significant versus control group [G I]; b: significant versus AgNPs toxic group [G II]; c: significant 

versus PRP treated group [G III]. 
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Table [6]: One-way ANOVA followed by Tukey’s post-hoc test comparative statistical analysis of 

the mean changes in the Area percentage of collagen and BAX in different studied groups 

Groups  Area percentage of collagen Area percentages of BAX 

Mean ± SD Mean ± SD 

G I [Control] 6.890±0.988  2.070±0.492  

G II [AgNPs toxic group] 16.650±1.157 a* 25.070±1.998 a* 

G III[PRP treated group] 9.940±1.138 b* 6.230±1.019 b* 

G IV[auto-recovery group] 12.020±1.797 a,b,c* 11.310±1.275 a,b,c* 

ANOVA F 98.287 580.828 

P-value <0.001* <0.001* 
BAX: [a marker of apoptosis]; AgNPs: silver nanoparticles; PRP: Platelet-rich plasma; SD: standard deviation; *P< 0.05 

“significant”; a: significant versus control group [G I]; b: significant versus AgNPs toxic group [G II]; c: significant versus 

PRP treated group [G III]. 

 

Figure [2]: 2A: A renal cortex photomicrograph of the group [I] showing renal corpuscle which formed of glomerular 

capillaries [G] surrounded by parietal [P] and visceral layers [V] of Bowman's capsule that is formed of simple squamous 

epithelium, with two layers were separated by Bowman’s spaces [*].  Also, PCTs showed narrow lumina and were lined 

with high cuboidal cells with deep acidophilic cytoplasm and basal rounded vesicular nuclei. DCTs had wider lumina and 

lined with cubical cells with rounded central nuclei. [H&E X400]. 2B: A renal cortex photomicrograph of the group [II] 

revealing renal corpuscle with marked shrinkage of their glomerulus [G] and widening of the bowman's space [*]. Some 

renal tubular cells revealed cytoplasmic vacuoles and deeply stained nuclei [ black arrow]. Other tubular cells revealed 

rarefaction [red arrow]. Notice also, the deposition of connective tissue [CT] in between the tubules [H&E X400]. 2C: A 

renal cortex photomicrograph of group [II] showing some renal tubular cells with cytoplasmic vacuoles [V] and deeply 

stained nuclei [yellow arrow]. Other tubular cells revealed rarefaction [green arrow]. There are many other tubules showing 

marked tubular dilatation [*] and reduction of their cellular height [red arrow] and some of them contain cellular debris 

[black arrow] in their lumen [H&E X400]. 2D: A renal cortex photomicrograph of the group [II] displaying heavy cellular 

infiltration [CI] surrounding the glomerulus [G] [H&E X400]. 2E: A renal cortex photomicrograph of group [II] revealing 

marked congestion of blood vessels [CB]. Notice, the distorted renal corpuscle with marked shrinkage of their glomerulus 

[G] and widening of the bowman's space [*] [H&E X400]. 2F: A renal cortex photomicrograph of the group [III] 

demonstrating normal renal corpuscles [RC] and intact PCT and DCT. Notice, a few tubular cells showed cytoplasmic 

vaculations [red arrow] [H&E X400]. 2G: A renal cortex photomicrograph of the group [IV] exhibiting some of glomeruli 

appeared normal [GI] and some other still show shrinkage of their glomeruli with widening of Bowman's space [GII].  

Notice also, some of tubular cells appeared normal and some other cells showed cytoplasmic vaculations [V]. [H&E X400]. 
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Figure [3]: 3A: A renal cortex photomicrograph of the group [I] displaying the normal distribution of collagen fibers around 

renal corpuscles and between renal tubules [black arrow] [Sirius red stain X 400]. 3B: A renal cortex photomicrograph of the 

group [II] demonstrating marked deposition of collagen fibers around renal corpuscles and tubules [black arrow] [Sirius red 

stain X 400]. 3C: A renal cortex photomicrograph of the group [II] revealing a marked deposition of collagen fibers around 

renal corpuscles and tubules [black arrows] [Sirius red stain X 400]. 3D: A renal cortex photomicrograph of the group [III] 

reflecting a marked decrease in amount of collagen fibers around renal corpuscles and tubules [black arrows] [Sirius red 

stain X 400]. 3E: A renal cortex photomicrograph of the group [IV] reflecting moderate deposition of collagen fibers around 

renal corpuscles and tubules [black arrows] [Sirius red stain X 400]. 

 
Figure [4]: 4A: A renal cortex photomicrograph of the group [I] displaying negative immunoreactivity for Bax in glomeruli 

and renal tubular cells [→] [Bax immunoexpression X 400]. 4B: A renal cortex photomicrograph of the group [II] exhibiting 

strong positive cytoplasmic Bax expression in glomeruli and renal tubular cells [→] [Bax immunoexpression X 200]. 4C: A 

renal cortex photomicrograph of the group [III] reflecting weak cytoplasmic Bax expression in glomeruli and some renal 

tubular cells [→] [Bax immunoexpression X 200]. 4D: A renal cortex photomicrograph of the group [IV] revealing moderate 

cytoplasmic Bax expression in glomeruli and renal tubular cells [→] [Bax immunoexpression X 200]. 
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DISCUSSION 

Silver nanoparticles [AgNPs] have many 

benefits that make them suitable for novel 

biomedical applications. However, their toxicity 

has become a research topic of concern [26]. 

Exposure to AgNPs causes particle translocation 

into the blood and subsequently to various 

organs, particularly the liver, kidneys, brain, 

spleen, and lungs [27]. After prolonged exposure 

to nanoparticles, the kidneys are among the 

most vulnerable organs [28].  

The current study findings revealed that the 

administration of Ag-NPs caused a pronounced 

toxic effect in both Group II [Ag-NPs toxic 

group] and Group IV [autorecovery group]. This 

was evidenced by the disturbance of kidney 

functions, oxidative stress markers, 

inflammatory markers, and GADD45A gene 

expression compared to the control group. 

Histologically, renal tubular cells and glomeruli 

exhibited a strong positive immunoexpression 

of Bax relative to the control group, along with 

evident distortion of renal structure. The toxic 

effects were improved after the administration 

of PRP. Although the cessation of Ag-NPs 

intake in the auto-recovery group [G IV] didn't 

cause a complete recovery of its toxic effects, it 

did reveal some minor improvements in 

comparison to the Ag-NPs toxic group.  

Our findings regarding renal function tests 

are in accordance with the results obtained by 

Sarhan and Hussein [29], who reported that 

acute intraperitoneal [i.p.] injection of Ag-NPs 

caused a significant increase in urea and 

creatinine serum levels in rats. Additionally, i.p. 

injection of chitazon-coated Ag-NPs for 14 days 

caused a significant elevation of blood urea 

nitrogen [BUN] and creatinine [30]. In the study 

by Albrahim [31], subchronic exposure to 

AgNPs resulted in renal damage, as evidenced 

by elevated levels of creatinine, urea, and 

electrolytes.  

This suggests that renal injury disrupts the 

removal of breakdown products through the 

kidneys, as reported by Fatima et al. [32].  

Concerning oxidative changes, Adeyemi 

and Faniyan [33] observed that orally 

administered Ag-NPs significantly increased 

concentrations of MDA and SOD, while 

reducing serum and tissue levels of reduced 

glutathione. Hassanen et al. [30] reported a 

significant increase in the oxidative marker 

MDA, along with a significant decrease in GSH 

levels in rats administered 25 and 50 mg 

chitazon-coated Ag-NPs i.p. for 14 days. 

Albrahim's [31] study showed that Ag-NPs 

intoxication significantly elevated lipid 

peroxidation levels and depleted reduced GSH 

content in the kidney. However, contrary to the 

present results, it inhibited SOD activity. In 

relation to this, Barcińska et al. [34] found that 

AgNPs reduced the antioxidant defense system 

and probably downregulated antioxidant 

enzyme gene expression in pancreatic ductal 

adenocarcinoma cells. 

In vitro mechanistic studies have revealed 

that oxidative stress is a fundamental 

mechanism of AgNPs-induced toxicity [35, 36]. 

Furthermore, animal experiments have linked 

oxidative stress to the toxicity produced by 

AgNPs [37, 38]. 

The elevation of MDA in serum and tissues 

after exposure to AgNPs indicates oxidative 

stress [39]. While GSH levels may have reduced 

as AgNPs form a complex with thiol groups, or 

increased usage of GSH to reduce the action of 

free radicals after nanoparticle exposure [40, 41].  

Nanoparticles have a high affinity for thiol 

groups, which can lead to a reduction in GSH 

content. As a result, complexes form between 

cellular proteins or other biomolecules and 

radical species. On the other hand, the 

inconsistent elevation of SOD after exposure to 

Ag-NPs recorded in this study and other studies 

may be related to its character as an inducible 

enzyme [42].  

Similar to the current results, Nosrati et al. 
[42] demonstrated that the administration of 

AgNPs in different doses as an oral suspension 

caused a significant increase in TNF-α gene 

expression. They found that the presence of 

infiltrated immune cells correlated with an 

increase in TNF-α mRNA expression. In 

chronic renal disorders, activated immune cells 

produce TNF-α and other pro-inflammatory 

cytokines [43], which attract leukocytes to the 

tubulointerstitium, resulting in increased 

vascular congestion, inflammation, tubulo-

interstitial damage, and renal dysfunction. The 

inflammatory response is triggered by the 

oxidative stress generated by AgNPs. A positive 

correlation was observed between the increase 

in TNF-α expression, the elevation of the 

BAX/BCL2 ratio, and the expression of Caspase 

3 [42].  
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In the study conducted by Hassanen et al. 
[30], immunohistochemical examination of Ag-

NPs injected rats showed significant positive 

expression of caspase-3 among renal tubular 

epithelial cells.  

The mechanism of induced apoptosis in this 

study is likely related to mitochondrial damage 

caused by Ag-NPs. Sarhan and Hussein [29] 

confirmed that Ag-NPs disrupted biomembranes 

and decreased adenosine triphosphate [ATP] 

and bioenergetics levels, which preceded cell 

death. Similarly, Paula et al. [44] suggested that 

low levels of ATP and creatine kinase may 

result in metabolic and cell cycle arrest, 

potentially leading to extensive cell death. 

In the present study, the observed increase in 

oxidative stress, inflammatory markers, and 

apoptotic markers was accompanied by the 

overexpression of the GADD45A gene.  

The growth arrest and DNA damage-

inducible gene (GADD45A) belongs to a class 

of genes that are activated by substances that 

damage DNA and/or cause growth arrest. 

GADD45A gene expression has been found in 

several mammalian cell types, and it has been 

linked to terminal differentiation, growth 

suppression, and apoptosis [45].  

Aberrant activation of mitogen-activated 

protein kinase [MAPK] by various stressful 

stimuli appears to be a fundamental contributor 

to a variety of cellular disorders and an activator 

of other classic MAPK cascades, such as p38 

kinase and c-Jun N-terminal kinases [JNK] [46]. 

Xue et al. [47] demonstrated that elevated 

GADD45B expression activated the p38 MAPK 

and JNK pathways, which contributed to renal 

tubular apoptosis 

The histopathological picture confirmed the 

biochemical changes that accompanied the 

administration of Ag-NPs. According to Sarhan 

and Hussein [29], the group treated with Ag-NPs 

exhibited swollen epithelium and cytoplasmic 

vacuolations in the renal cortex. Additionally, 

some nuclei showed hypertrophied nucleoli. 

The tubular epithelium displayed swelling, 

while the glomeruli showed increased cellularity 

and obliteration of Bowman's space. 

Roda et al. [48] demonstrated that following a 

single intratracheal instillation of AgNPs for 7 

days, the primary renal changes were observed 

in the Bowman's capsule, characterized by 

glomerular shrinkage. These effects persisted 

even after 28 days. These findings support the 

notion that most histopathological changes 

persist even after 21 days of AgNPs cessation in 

the current study   

Closely similar to the present results, 

Nosrati et al. [42] demonstrated a variety of 

glomerular, tubular, and interstitial alterations in 

the histological examination of the kidneys 

following Ag-NPs administration. The cortex 

exhibited partial destruction of renal corpuscles, 

including collapsed glomerular tufts, necrosis, 

and widening of the Bowman's space. The 

tubular architecture was disrupted, with 

cytoplasmic vacuolation and necrosis observed 

in the tubule epithelial lining in the cortex. 

Additionally, there was shedding and 

desquamation of the lining epithelium, along 

with partial or complete loss of the brush border 

and disrupted basal laminae. Infiltration of 

inflammatory cells and congestion were evident 

in the renal interstitial tissue. Moreover, the 

study's findings indicated significant collagen 

deposition within the glomeruli and between 

renal tubules. 

A common feature of many diseases that 

progress to chronic renal failure is interstitial 

tissue fibrosis, which is triggered by the 

excessive accumulation of collagen fibrils [49].  

According to the best of the author's 

knowledge, the current work investigated, for 

the first time, the beneficial effect of PRP on 

AgNPs-triggered renal toxicity.   

In the present study, the treatment of Ag-NPs 

toxicity with PRP resulted in improvements in 

renal function tests, oxidative stress markers, 

inflammatory markers, and GADD45A gene 

expression. The immunohistochemical study of 

renal tissue in the PRP-treated group revealed 

weak immunexpression of Bax in the renal 

tubular cells and glomeruli. The recorded 

improvement in renal function tests with PRP is 

consistent with other previous studies. PRP 

treatment has been shown to reduce the severity 

of cisplatin-induced nephrotoxicity, as 

evidenced by suppressed BUN, creatinine, and 

N-acetyl glucosaminidase [NAG] levels [50]. 

Keshk and Zahran [51] demonstrated that PRP 

treatment improved kidney functions in 

thioacetamide-induced renal toxicity. Also, 

Wani et al. [52] reported that PRP treatment 

significantly decreased renal function tests in 

methotrexate-induced nephrotoxicity. 
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IGF-1 is a growth factor in PRP that 

stimulates tubular cell regeneration in acute 

renal failure. It is speculated that IGF-1 

achieves this by promoting the production of 

growth hormones, which assist in tissue repair 
[53]. Consequently, tubular damage is reduced, 

and the integrity of renal parenchyma, renal 

blood flow, glomerular filtration rate, and renal 

excretory function are preserved [54].  

The present work demonstrates the 

antioxidant effect of PRP, which is consistent 

with other studies. Keshk and Zahran [51] 

reported an improvement in the antioxidant 

status following PRP treatment in the case of 

TTA-induced renal toxicity. Similarly, Wani et 

al. [52] found that PRP treatment for MTX 

nephrotoxicity resulted in a significant decrease 

in oxidative stress markers, along with an 

elevation in GSH levels and antioxidant 

enzymes. 

Shen et al. [55] stated that PRP treatment for 

renal toxicity led to an increase in Nrf2 and HO-

1 gene expression. Nrf2, a redox-dependent 

transcription factor, is expressed in the kidney 

and promotes the synthesis of antioxidant 

enzymes during periods of oxidative stress, 

while also inhibiting the apoptosis process.  

The recorded antiapoptotic effect of PRP in 

the present work matches previous findings. 

PRP depressed caspase-3 levels in CP, TTA, 

and MTX-induced nephrotoxicity [50-52]. 

PRP inhibited kidney injury molecule-1 

[KIM-1], renal intracellular adhesion molecule-

1 [ICAM-1], and caspase-3 via activating the 

PI3K/Akt pathway, thus inhibiting reactive 

oxygen species formation and hindering NF-B 

activity and activation, while increasing 

oxidative resistance [56].  

Moreover, PRP demonstrated antiapoptotic 

activity by suppressing the expression of 

apoptotic genes such as death-associated protein 

kinase-1 [DAPK1] and Bcl-2 interacting 

mediator of cell death [BIM] mRNA. It also 

inhibits p53 and Bax levels. Additionally, the 

presence of hepatocyte growth factor [HGF] in 

PRP has been shown to interfere with the Fas 

pathway, thereby protecting renal cells from 

apoptosis [50, 57]. Additionally, other studies have 

proved the anti-inflammatory effect of PRP. 

Treatment with PRP has been shown to 

significantly reduce the levels of the pro-

inflammatory cytokine monocyte chemo-

attractant protein-1 [MCP-1] in TTA-induced 

nephrotoxicity [51]. Wani et al. [52] reported that 

PRP treatment for MTX nephrotoxicity resulted 

in a significant decrease in pro-inflammatory 

markers such as interleukin-beta [IL-β], 

interleukin-6 [IL-6], and tumor necrosis factor-

alpha [TNF-α]. 

PRP is associated with increasing intra-

cellular expression of anti-inflammatory 

mediators such as IL-4, IL-10, and IL-13. These 

mediators are known to play a crucial role in 

suppressing inflammation and reducing the 

catabolic impact mediated by IL-1 [58].  

The improvement in the PRP-treated group 

was confirmed by the histological results, which 

demonstrated a pronounced improvement in the 

restoration of the normal histological structure 

of renal corpuscles, tubules, and interstitial 

tissues. Additionally, there was a significant 

reduction in collagen fiber deposition. 

Similar histological findings have been 

observed in previous studies utilizing different 

models of renal toxicity. For instance, Salem et 

al. [50] demonstrated that PRP administration led 

to the restoration of normal renal tissue 

architectures in a model of CP-induced renal 

toxicity. Similarly, Keshk and Zahran [51] 

showed that PRP treatment improved the renal 

architecture in a model of TTA renal toxicity, 

notwithstanding glomerular congestion and 

minimal inflammation, thus indicating renal cell 

regeneration. Wani et al. [52] observed nearly 

complete repair of glomerular and tubular 

structure in PRP therapy for MTX nephron-

toxicity. Moreover, they noted a significant 

reduction in fibrosis in both the glomeruli and 

interstitium. 

PRP is packed with powerful chemotactic 

and mitogenic growth factors that play a crucial 

role in the healing process. Notably, it contains 

growth factors like Hepatocyte Growth Factor 

[HGF] and Epidermal Growth Factor [EGF] [59]. 

HGF is known for its involvement in cell 

proliferation, migration, survival, and tissue 

regeneration. In the kidney, it exhibits robust 

antifibrotic effects by inhibiting the expression 

of TGF-β1 receptor and other profibrotic 

mediators [60]. On the other hand, EGF promotes 

chemotaxis of endothelial cells, angiogenesis, 

and cell division of mesenchymal cells [61]. EGF, 

HGF, and IGF-I collectively stimulate DNA 

synthesis during the regeneration of proximal 

tubules [62].  
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Furthermore, PRP growth factors and 

cytokines contribute to the potential therapeutic 

effect of PRP by attracting resident stem cells to 

the site of damage, where they are activated and 

produce more cytokines and growth factors [58]. 

Conclusion and recommendation: Silver 

nanoparticles have been found to have a toxic 

effect on the kidney. This is supported by 

evidence of disturbed kidney functions, 

oxidative stress markers, inflammatory markers, 

and increased expression of the GADD45A 

gene. Histological results also revealed 

distortion of the renal structure, renal tubular 

cells, and glomeruli, with a strong positive 

immuno-expression of Bax. However, the toxic 

effects were observed to improve after 

administration of PRP. In the group without 

PRP treatment, there was only limited 

improvement in the toxic effects caused by Ag-

NPs. Hence, caution should be exercised when 

using Ag-NPs in humans. Administration of 

PRP to humans may offer protection against the 

toxic effects of Ag-NPs.  
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