


A Cross-Sectional Study of Silver Nanoparticles (AgNPs)Induced Renal Toxicity in Wistar Rats



Abstract 

The current study evaluated AgNP’s induced toxicity on kidney of wistar rat after exposure of a 90-days. These can accumulate in kidney and cause various changes after oral exposure. Out of total 35 experimental Wistar rats 20 includes under control groups and 15 under AgNPs treated groups. Experimental groups of rats were exposed to AgNPs by oral gavaging at 30 mg/kg b. wt for a period of 90 days. It was found that the serum biochemical parameters like serum creatinine and urea levels were significantly increased in AgNPs treated group as compared to control rats in a time dependent manner. TBARS value were significantly increased in kidney tissues, also there was a significant reduction in CUPRAC antioxidant activity in kidney tissues of AgNPs treated rats as compared to control rats indicating a severe oxidative stress in kidney tissues of treated rats. Urinary analysis revealed significant levels of proteinuria in AgNPs treated rats which increased with increased duration of exposure. It can be concluded that AgNPs are highly toxic to the kidneys to such an extent that it effects the normal filtration and waste elimination functions of the kidney and causes immune mediated glomerulonephritis in kidneys.
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Introduction
Advances in nanotechnology is commonly used nowadays in domestic and medical fields (Hill,2017).Silver nanoparticles have also been widely used in for wound healing, catheter modification, dental system and bone tissue engineering (Burdușelet al.,2018).AgNPs and Ag+ carriers are beneficial for wound management, particularly in medical devices for the treatment of burn injuries (Dunn and Edwards-Jones, 2004; Rustogiet al., 2005), chronic wounds including diabetic ulcers (Thomas, 2007), venous ulcers (Sibbald et al., 2007), toxic epidermal necrolysis (Sibbald et al., 2001; Aszet al., 2006), for healing of donor sites and for meshed skin grafts (Innes et al., 2001; Demling and DeSanti, 2002) because of their antimicrobial properties According to PubMed statistics, the number of studies on “silver nanoparticles” has also increased over the last decade (i.e., from 896 papers in 2010 to 2529 in 2020). Because of their small size, AgNPs can enter the human body through ingestion, inhalation, and skin contact (Croseraet al.,2009). Kidneys, lungs, nervous system, and liver are organs prone to the accumulation of AgNPs. The most well-known mechanism of AgNPs cytotoxicity involves the induction of oxidative stress, caused by the generation of intracellular reactive oxygen species (ROS), glutathione depletion, a decrease in superoxide dismutase enzyme activity, and an increase in lipid peroxidation (Chairuangkittet al.,2013).Metchnikoff and Ehrlich are the modern pioneers of nanomedicine for their works on phagocytosis (Cooper, 2008), respiratory cell-specific diagnostic and therapy (Ehrlich, 1913). Use of nanoparticles in nanomedicine includes anti-microbial silver nanoparticles (Russell and Hugo, 1994), polymer-protein conjugates (Davis, 2002), block-copolymer micelles (Gros et al., 1981) and anti-arthritis gold nanoparticles (Dequekeret al., 1984). AgNPs are widely used in the food industry which causes deteriorative function for kidney (Gaillet and Rouanet, 2015) and Industrial effluents which contain nanoparticles enter the aquatic ecosystem and undergo biomagnification (Gambardella et al., 2015). Thus, the important sources of oral exposure can be the presence of AgNPs in dietary supplements, water contamination, or food fish and other aquatic organisms (Gaillet and Rouanet, 2015). Recent studies have also demonstrated that AgNPs incorporated in food packaging can migrate from packaging into food under several usage conditions (Mackevicaet al., 2016; Choi et al.,2018). The main objective of the current study is to evaluate the extent of renal toxicity induced by different doses of AgNPs after 90 days of oral exposure and to determine the effect of NOAEL dose of silver nanoparticles on the renal system of Wistar rats for 90 days.

Materials and Methods
Experimental animal and design 
        Wistar rats of either sex were used as experimental animals during the research work. These Wistar rats were procured from the Laboratory Animal Resources, Indian Veterinary Research Institute, Izatnagar, Bareilly, India and kept in controlled environment. Two random groups are there i.e control and test groups containing 20 and 15 rats respectively. All the rats were immunized with 0.1 ml of Ranikhet disease vaccine having R2B strain at day 0 of the experiment. The test rats were given AgNPs in the form of suspension by oral gavaging at NOAEL dose (30mg/kg b.wt.). The rats were sacrificed in a humane way to assess various parameters in the following manner:
Table 1. Allotment of rats in treatment and control groups
	Day of Experiment
	Control 
(Normal feed and water)
	Test 
(AgNPs suspension+ Normal feed and water)

	0 Days
	5 Rats
	-

	30 Days
	5 Rats
	5 Rats

	60 Days
	5 Rats
	5 Rats

	90 Days
	5 Rats
	5 Rats

	Total
	20 Rats
	15 Rats



Silver Nanoparticles
The AgNPs used in the present study were purchased from the Sisco Research Laboratories, Pvt. Ltd., India. The size of the nanoparticles was less than 90 nm. A suspension of concentration 12 mg/ml was made in distilled water and was administered by oral gavaging (at NOAEL dose of 30mg/kg b. wt./day) in each of the test group rats for 90 days (Kim et al., 2010).
Determination of blood urea nitrogen (BUN) and creatinine

Blood was collected in the red top vacutainer for separation of serum. Then the clot was removed by centrifugation in a horizontal rotor at 1100-1300 g for 20 min at RT (Chauhan and Agarwal, 2008). In test and control group rats, the BUN levels were measured by using standard protocol given along with Erba blood Urea nitrogen kit and Erba creatinine test kit in case of creatinine. The kit was based on GLDH- Urease initial rate method and Jaffe’s method for calculation of BUN and creatinine respectively.  
Urinary tests
First morning freshly voided urine samples were collected in sterile containers (Sengupta et al., 2016) and proceed for physical (Chauhan and Agarwal, 2008) and chemical examination. Urine dipsticks from Urocolor, Pvt. Ltd. were used for detecting the presence of protein, ketone bodies, bilirubin, urobilinogen, nitrite, glucose, blood, leucocytes, pH and specific gravity of urine samples followed by comparing the dipsticks with standard chart given with the kit.
Quantification of protein by Biuret-TCA method
The amount of reagents and samples added were according to following protocol (Kumar and Gill, 2018). 

Antioxidant activity by CUPRAC assay
Antioxidant activity was determined in kidney tissue homogenate according to the standard protocol in EZAssay Antioxidant activity estimation kit (CUPRAC).
Lipid peroxidation by TBARS assay
TBARS were measured in kidney tissue homogenate according to the standard protocol given in EZAssay TBARS kit for lipid peroxidation. 
Statistical analysis
During the experiment, generated data were statistically analyzed by standard statistical procedures (Snedecor and Cochran, 1994).  The differences in parameters (body weights, kidney coefficient, results of biochemical tests and oxidative stress parameters like TBARS and CUPRAC antioxidant assay) between treated groups and control group were assessed by a standard two-way analysis of variance (ANOVA)
Ethical statement 
The above-performed protocols were approved by IAEC vide no. IAEC/CVASc/VPP/419 dated 12-12-2020. Moreover, all the methods were carried out in controlled environment with the relevant guidelines and regulations.

Results 
Clinical observations
There was no significant dose related changes in the control group of rats and treatment group of wistar rats. Throughout the course of the experiment, there was no mortality in either group of rats.

Body and organ weight
There was decrease in mean body weight values by 4.88%, 7.7% and 11.43% at 30th, 60th and 90th DPT respectively in AgNPs treated group as compared to control. There was no significant decrease (P<0.05) in mean body weight values of treated rats as compared to control rats. There was reduction in mean kidney weight by 2.24%, 9.18% and 16.2% at 30th, 60th and 90th DPT in group II rats as compared to group I rats. There was a significant decrease (P<0.05) in mean kidney weight in AgNPs treated rats at 90th DPT as compared to control rats (Table 1 &2).
Blood urea nitrogen (BUN) and creatinine
In this study, kidney function was evaluated based on the serum levels of BUN and creatinine. There was increase in mean BUN values by 32.15%, 37.98% and 44.42% at 30th, 60th and 90th DPT respectively in AgNPs treated group as compared to control. There was significant increase (P<0.05) in mean BUN values in treated rats at 30th, 60th and 90th DPT as compared to control rats. There was increase in mean serum creatinine values by 8.93%, 26.23% and 39.40% at 30th, 60th and 90th DPT, respectively in AgNPs treated rats as compared to control. There was significant increase (P<0.05) in mean serum creatinine values in treated rats at 60th and 90th DPT as compared to control rats (Table 6&7).
Urine analysis
The pH of urine was between 6.0 and 6.5 in both control and treated rats and the specific gravity of urine was between 1.025 and 1.030 for both the control and treated group rats at 30th, 60th and 90th day of treatment.
Protein concentration in urine
The mean protein values in group I rats were 0.11±0.04, 0.11±0.01, 0.12±0.01 and 0.13±0.01 mg/dl at 0, 30th, 60th and 90th DPT, respectively. The mean protein values in group II rats were 0.11±0.04, 1.81±0.28, 2.66±0.25 and 3.87±0.30 mg/dl at 30th, 60th and 90th DPT, respectively. There was increase in mean urinary protein values by 1545.45%, 2116.67% and 2876.92% at 30th, 60th and 90th DPT, respectively. There was significant increase in urinary protein values at 30th, 60th and 90th DPT respectively in AgNPs treated rats as compared to control rats. 
Oxidative stress in kidney tissues
Antioxidant activity by CUPRAC assay
The mean antioxidant activity values in group I rats were 0.438±0.01, 0.430±0.01, 0.436±0.02 and 0.437±0.01 µM at 0, 30th, 60th and 90th DPT, respectively. In group II rats the mean antioxidant activity values were 0.438±0.01, 0.400±0.01, 0.372±0.01 and 0.344±0.02 at 0, 30th, 60th and 90th DPT, respectively. There was a reduction in mean antioxidant activity by 6.98%, 14.67% and 21.28%at 30th, 60th and 90th DPT, respectively in treated rats at as compared to control rats. There was significant (P<0.05) decrease in mean antioxidant activity of kidney tissues in AgNPs treated rats at 60th and 90th DPT as compared to control rats (Table no.5).
Lipid peroxidation by TBARSassay
The mean TBARS values in group I rats were 0.24±0.01, 0.25±0.02, 0.26±0.01 and 0.28±0.02 µM at 0, 30th, 60th and 90th DPT, respectively. In group II rats, the mean TBARS values were 0.24±0.01, 0.78±0.03, 1.06±0.01 and 1.37±0.03 µM at 0, 30th, 60th and 90th DPT, respectively. There was increase in mean TBARS values by 212.00%, 307.70% and 389.29% at 30th, 60th and 90th DPT, in AgNPs treated rats as compared to control rats. There was significant increase (P<0.05) in mean TBARS values in treated rats at 30th, 60th and 90th DPT as compared to control rats (Table no.6)

Discussion 
Silver nanoparticles having lots of advantages that make them ideal as well as suitable for biomedical applications (Burdușeet al., 2018). AgNPs also produce toxic effects in rat neuronal cells and human lung epithelial cells (Pinzaru et al.,2018).Kidneys are known as one of the most vulnerable organs after prolonged exposure to nanoparticles. (Kim et al.,2008) showed that AgNPs accumulated in the kidney after oral administration for 90 days.That is why the present study was conducted to study the adverse effects of AgNPs on rat kidney treated with repeated oral administration for 90 days by examining the bodyweight, serum creatinine and blood urea nitrogen levels and other factors.Considering the importance of silver nanoparticles in animal and human health, it was planned to study their effects on kidneys. In this experiment, Wistar rats of either sex were administered AgNPs suspension by oral gavaging at 30mg/kg b.wt./day which is the NOAEL dose for a period of 90 days. The Wistar rats were randomly divided into 2 groups i.e., control and test group with 20 and 1 rats in them respectively. The effect of silver nanoparticles on the pathophysiology and pathomorphology of the urinary system was studied. One of the most important parameters for evaluating the toxicity of any compound is the body weight. When the body weight of control and AgNPs groups of rats were measured, there was significant decrease in mean body weight values in treated rats at 60th and 90th DPT as compared to control rats. Reduced body weight gain and reduced organ coefficient were reported after oral administration of gold- silver nanoparticles at 100 mg/kg b.wt. for 30 days in Wistar rats (Sulaiman et al.,2015).The mean serum creatinine and blood urea nitrogen (BUN) values were increased in AgNPs treated rats as compared to controls. There was significant increase in mean serum creatinine values in treated rats at 60th and 90th DPT as compared to control rats and a significant increase in mean BUN values was observed in treated rats at 30th, 60th and 90th DPT as compared to control rats. This significant increase suggests severe renal dysfunction. Similar results were obtained when AgNPs were administered intravenously for a period of 32 days (Tiwari et al.,2011). Similar results of time dependent increase of BUN and creatinine level were observed after AgNPs administration (Xue et al., 2012; Gracia et al., 2016). BUN and creatinine levels were significantly increased after intravenous administration of AgNPs at 5mg/kg b. wt (Wen et al.,2017). Oral administration of AgNPs at 100mg/kg b. wt for 2 weeks results in significant increase of serum BUN, creatinine, and uric acid levels in treated rats (Vasanth and Kurian, 2017). Oral administration of AgNPs for 30 days resulted in increased creatinine and BUN levels in rats (Ismail et al., 2020). Blood urea nitrogen is a marker of kidney health and creatinine is a waste product excreted by the kidneys. It accurately assesses the kidney functions as it is less affected by diet type, stress and dehydration. Blood urea nitrogen and creatinine are two important factors to assess kidney functions and level of these factors in blood serum is increased by kidney injury. This increase in creatinine, blood urea nitrogen (BUN), and uric acid in the body is because AgNPs damage the kidneys to such an extent that they effect the normal filtration and waste eliminations function of kidneys. It may be due to abnormal glomerular filtration rate, which reflects functional defect in kidneys after AgNPs administration. There was increase in protein levels with increased duration of exposure to AgNPs.These findings are in confirmation to those obtained after intraperitoneal administration of AgNPs in rats at 3mg/kg b.w.t/ day for 21 days (Liu et al., 2020). TBARS values of kidney homogenate measured in µM were significantly higher at 30th, 60th and 90th DPT in AgNPs treated rats as compared to control rats. Also TBARS values were significantly different within the test group at different time intervals, these values were highest at 90th day, followed by 60th day and 30th day respectively. These findings were in confirmation with earlier studies of AgNPs induced oxidative stress (Shehata et al., 2021). AgNPs bind with tissues and cause potential toxic effects like cell activation, ROS production, inflammation and finally cell death (Xia et al., 2006). CUPRAC antioxidant assay is a measure of oxidative stress which was significantly decreased in AgNPs treated rats as compared to control rats. This decrease was in a time dependent manner i.e., the antioxidant activity decreased with increased duration of exposure with the lowest at 90th day, followed by 60th day and 30th day respectively. Similar results of increased generation of ROS and reduced antioxidant activity after AgNPs administration were obtained (Lee et al.,2014). So, the use of silver nanoparticle should be restricted to very important areas like in biomedical applications so that the exposure of the humans to nanoparticles could be restricted and is within a safety level. Further different animal models can be used to assess the effect of AgNPs on the body, also varied doses and forms of AgNPs can be used with increased duration of exposure to get a more precise data to conclude the harmful effects of silver nanoparticles in men and animals.
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Table 2:	Mean body weight in different groups of experimental rats at different time intervals (Mean ± SE)
	DPT
	Mean body weight values Grams (g) (Mean ± SE) *

	
	Group I 
	Group II 

	0
	217[image: C:\Users\ASUS\AppData\Local\Temp\ksohtml744\wps1.jpg]1.54aC
	   217[image: C:\Users\ASUS\AppData\Local\Temp\ksohtml744\wps2.jpg]aB(0%)

	30th
	237.6[image: C:\Users\ASUS\AppData\Local\Temp\ksohtml744\wps3.jpg]4.32aBC
	226.0[image: C:\Users\ASUS\AppData\Local\Temp\ksohtml744\wps4.jpg]aB(-4.88%)

	60th
	260.4[image: C:\Users\ASUS\AppData\Local\Temp\ksohtml744\wps5.jpg]4.62aBC
	240.2[image: C:\Users\ASUS\AppData\Local\Temp\ksohtml744\wps6.jpg]aA(-7.7%)

	90th
	285.2[image: C:\Users\ASUS\AppData\Local\Temp\ksohtml744\wps7.jpg]5.17aA
	 252.6[image: C:\Users\ASUS\AppData\Local\Temp\ksohtml744\wps8.jpg]aA(-11.43%)


*Different small alphabetic letters (a and b) indicate significant (P<0.05) difference between groups on a particular DPT, whereas different capital alphabets (A, B and C) indicate significant (P<0.05) difference within a particular group (DPT= Days post treatment).

Table 3: 	Mean kidney weight in different groups of experimental rats at different time intervals (Mean ± SE)
	DPT

	Mean kidney weight (g) (Mean ± SE) *

	
	Group I
	Group II

	0
	1.65± 0.02aB
	1.65 ± 0.05aB
	(0%)

	30th
	1.78± 0.01aAB
	1.74± 0.02aAB
	(-2.24%)

	60th
	1.96± 0.02aA
	1.78± 0.01aAB
	(-9.18%)

	90th
	2.16± 0.01aA
	1.81± 0.03bA
	(-16.2%)



*Different small alphabetic letters (a and b) indicate significant (P<0.05) difference between groups on a particular DPT, whereas different capital alphabets (A and B) indicate significant (P<0.05) difference within a particular group (DPT= Days post treatment)





Table 4:	Mean blood urea nitrogen values (mg/dl) in different groups of experimental rats at different time intervals (Mean ± SE)
	DPT

	Mean BUN levels (mg/dl) (Mean ± SE)*

	
	Group I
	Group II

	0
	14.20±0.46aA
	14.20±0.46aC
	(0%)

	30th
	16.27±0.41aA
	21.50±0.64bB
	(32.15%)

	60th
	17.93±0.76aA
	24.74±0.44bAB
	(37.98%)

	90th
	20.08±0.70aA
	29.00±0.41bA
	(44.42%)


*Different small alphabetic letters (a and b) indicate significant (P<0.05) difference between groups on a particular DPT, whereas different capital alphabets (A, B and C) indicate significant (P<0.05) difference within a particular group (DPT= Days post treatment)

Table 5:	Mean serum creatinine levels (mg/dl) in different groups of experimental rats at different time intervals (Mean ± SE)
	DPT
	Mean Serum Creatinine Levels (mg/dl) (Mean ± SE)*

	
	Group I
	Group II

	0
	0.48±0.04aB
	0.48±0.04aC
	(0%)

	30th
	0.56±0.03aAB
	0.61±0.03aBC
	(8.93%)

	60th
	0.61±0.02bAB
	0.77±0.02aB
	(26.23%)

	90th
	0.66±0.03bA
	0.92±0.02aA
	(39.40%)


*Different small alphabetic letters (a and b) indicate significant (P<0.05) difference between groups on a particular DPT, whereas different capital alphabets (A, B and C) indicate significant (P<0.05) difference within a particular group (DPT= Days post treatment)

Table 6:	Mean antioxidant activity values (µM) in different groups of experimental rats at different time intervals (Mean ± SE)
	DPT
	Mean CUPRAC values (µM) (Mean ± SE) *

	
	Group I
	Group II

	0
	0.438±0.01aA
	0.438±0.01aA
	(0%)

	30th
	0.430±0.01aA
	0.400±0.01aAB
	(-6.98%)

	60th
	0.436±0.02aA
	0.372±0.01bB
	(-14.67%)

	90th
	0.437±0.01aA
	0.344±0.02bC
	(-21.28%)


*Different small alphabetic letters (a and b) indicate significant (P<0.05) difference between groups on a particular DPT, whereas different capital alphabets (A and B) indicate significant (P<0.05) difference within a particular group (DPT= Days post treatment).
Table 7: 	Mean TBARS values (mg/dl) in different groups of experimental rats at different time intervals (Mean ± SE)
	DPT
	Mean TBARS (µM) (Mean ± SE) *

	
	Group I
	Group II

	0
	0.24±0.01aA
	0.24±0.01aC
	(0%)

	30th
	0.25±0.02aA
	0.78±0.03bB
	(212.00%)

	60th
	0.26±0.01aA
	1.06±0.01bAB
	(307.70%)

	90th
	0.28±0.02aA
	1.37±0.03bA
	(389.29%)


*Different small alphabetic letters (a and b) indicate significant (P<0.05) difference between groups on a particular DPT, whereas different capital alphabets (A, B and C) indicate significant (P<0.05) difference within a particular group (DPT= Days post treatment).
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