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Abstract

Introduction: Mesoporous silica (MS) has recently used in biomedical applications due to its distinctive
physicochemical properties.

Purpose: The study aims to investigate the efficacy of MS to reduce renal toxicity induced by gentamicin in rats.

Methods: The rats were randomly divided into three groups (n=6 per group): Control group (injected with 0.9% saline
i.p daily for 8 consecutive), Gentamycin (injected with gentamycin, 100 mg/kg bw i.p. for 8 consecutive days) and MS
group (after gentamycin injection, rat injected into left kidney with MS; 70 pug/0.5 ml/ rat).

Results: Ms Treatment caused significant decreases in creatinine, urea, uric acid, and MDA while it increased GSH and
catalase levels.

Conclusion: Intrarenal injection of MS improved renal function in rats suffering from acute kidney injury.
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1. Introduction

Acute kidney injury (AKI) is a loss of kidney function that outcomes in increased urea, creatinine, uric acid levels, and
dysregulation of extracellular volume and electrolytes [1]. About 15% of patients admitted to hospitals suffer from acute
kidney injury with frequency in intensive care over half of the patients [2]. The development of nanoscale materials for
multiple applications has become a hot issue in recent years because of their environmental friendliness, low cost, and
biocompatibility [3,4]. Mesoporous silica (MS) recently used in biomedical applications due to its distinctive
physicochemical properties, such as large surface area and pore volume, tunable pore and particle sizes and
biocompatibility, [5]. The biocompatibility and adsorbent activity of MS makes it an excellent choice to remove toxic
substances from the biological system. It has been shown that MS can adsorb creatinine and extract it [6]. Furthermore,
MS has high efficiency for urea adsorption [7]. Injection of MS of different particle sizes distributes mainly in the liver
and spleen [8]. Thus, the intrarenal injection should be used to focus silica into the kidney. The next problem discussed
before using MS is the excretion after removing toxic compounds from the blood. Another study found that MS is mainly
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excreted through urine after different administration routes (intravenous, hypodermic, intramuscular injection and oral
administration [9]. Thus, the study aims to investigate the efficacy of MS to reduce renal toxicity induced by gentamicin
in rats.

2. Material and methods

2.1. Chemicals

Mesoporous silica was purchase from Sigma-Aldrich (St. Louis, MO, USA). Kits were purchased from the Biodiagnistic
Company (El Moror St, Dokki, and EGY).

2.2. Transmission electron microscope

TEM were performed on JEOL JEM-2100 high resolution transmission electron microscope at an accelerating voltage of
200 kV, respectively.

2.3. Ethical consideration

All methods used in this experiment were approved by the Cairo University, Faculty of Science, Institutional Animal
Care, and Use Committee (IACUC) (Egypt) (CU/I/F/52/18).

2.4. Animals handling

Adult male Wistar rats (Rattus norvegicus) with an average body weight of 150 - 170 gm were purchased from the
National Research Center (NRC), Egypt, grouped and housed in polypropylene cages (six animals/cage) in a well-
ventilated animal house at a temperature of (23 + 2 °C) with 12:12 h day/night cycle. They were nourished standard
chow pellets and drinking water ad libitum.

Rats were acclimatized to animal house conditions for 7 days before starting of the study. The rats were randomly
divided into five groups (n=6 per group):

e Group I (Control): injected with 0.9% saline i.p daily for 8 consecutive days. On day 9, the rats were injected by
1ml/rat intravenously of the 0.9% saline.

e Group II (GM): injected with gentamycin (100 mg/kg bw i.p.) dissolved in 0.9% saline for 8 consecutive days
[10]. On day 9, the rats were injected by 1ml/rat intravenously of the 0.9% saline.

e Group III (GM+ MS): injected with gentamycin (100 mg/kg bw i.p.) for 8 consecutive days. On day 9, the rats
were injected with MS (70 pg/0.5 ml/ rat).

. Intra renal injection of MS was performed according to Quimby with slight modification [11]. Rats were
anesthetized with sodium pentobarbital (50 mg/kg body weight). The rat surgical area was sterilized with
Betadine followed by a single unilateral laparotomy. MS suspended in distilled water were divided into three
aliquots 150, 115 and 200 pl and injected using a 25-gauge needle into three sites in the renal cortex. The
cortical injection sites were assessed for hemorrhage 1 h and 24 h after injection using ultrasonography.

On day 16, the rats were anesthetized by intraperitoneal injection sodium pentobarbital (50 mg/kg body weight). The
chest was opened and the blood was collected by cardiac puncture. The blood collected from the rats was separated by
centrifugation at 3000 rpm for 15 minutes to obtain sera, which were stored at -80°C for subsequent biochemical assays.
The kidney was removed and immediately blotted using filter paper to remove traces of blood.

2.5. Kidney homogenate

Kidney was weighted and homogenized (10% w/v) in ice-cold 0.1 M Tris-HCl buffers (pH 7.4). The homogenate was
centrifuged at 3000 rpm for 15 min. at 4 °C and the resultant supernatant was used for the biochemical assays.

2.6. Kidney function markers

The collected sera were used for determining creatinine [12], urea [13] and uric acid according to the manufacturer's
instructions using Bio-diagnostic kits (Giza, Egypt).
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2.7. Oxidative stress markers

The kidney homogenates was used for the measurement of oxidative markers according to the manufacturer’s
instructions using Bio diagnostic kits (Giza, Egypt). MDA level is an index of lipid peroxidation and it was estimated by
colorimetric kit according to Ohkawa et al [14], reduced glutathione (GSH) was measured by colorimetric kit glutathione
reduced [15] while catalase was estimated by kinetic Kit [16].

2.8. Statistical analysis

All data were expressed as means * standard error of the mean (SEM). The comparisons within groups were evaluated
utilizing one-way analysis of variance (ANOVA) with Duncan post hoc test was used to compare the group means and p
< 0.05 was considered statistically significant. SPSS statistical software package for Windows (version 21.0) was used
for the statistical analysis.

3. Results

As appeared from the Fig. 1 taken by TEM the formed silica particles are semispherical with very small porous with size
around 350 nm.

Figure 1 TEM micrographs of silica particles.

Gentamycin induced kidney dysfunction, which confirmed by the significant increase (p< 0.05) in urea, creatinine and
uric acid (Table 1). While the treatment with MS reduced this elevation in kidney function parameters.

Table 1 Effect of MS on kidney parameters of GM-induced renal toxicity in rats.

Parameters Control GM MS
Creatinine (mg/dL) | 0.70+0.032 1.31+0.21¢ | 0.81+0.03P
Uric Acid (mg/dL) | 1.57+0.112 | 3.38 +0.65¢ | 2.11+0.38P
Urea (mg/dL) 26.35+1.472 | 42.37+1.25¢ | 34.82+1.67"

Values are mean + SEM (n=6). Different letters indicate significant values (P<0.05) while same letters indicate non significant.GM: Gentamicin, MS:
Mesoporous Silica.
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Compare with the control group, GM caused a significant increase (p< 0.05) in tissues MDA concentration while GSH
CAT levels decreased significantly. However MS treatment induced a significant increase in antioxidant markers (GSH,
and CAT) and reduced lipid peroxidation marker (MDA) (Tables 2).

Table 2 Effect of MS on oxidative stress parameters of GM-induced renal toxicity in rats.

Parameters Control GM MS

MDA (nmol/g. tissue) | 3.31+£0.072 5.33+0.44c¢ 4.47+0.15P
GSH (mg/ g. tissue) 24.93+0.58¢ | 17.16+0.462 | 19.39+0.29>
Catalase (U/min) 26.35+1.15¢ | 12.92+0.712 | 16.01+0.49>

Values are mean * SEM (n=6). Different letters indicate significant values (P<0.05) while same letters indicate non significant.GM: Gentamicin, MS:
Mesoporous Silica.

4. Discussion

Gentamycin accumulates in proximal renal convoluted tubules that lead to loss of its brush border integrity and
activation of inflammatory processes, diminished glomerular filtration rate (GFR) and renal dysfunction [17,18]. The
treatment with MS reduces renal toxicity as a result in form decrease creatinine, urea, and uric acid levels. MS has high
efficiency for adsorption of urea [7] and creatinine [6] and extracts them with urine [9].

Gentamycin also acts as an iron chelator and the iron-GM complex is a potent catalyst of radical and reactive oxygen
species (ROS) production [19]. Increase ROS leads to oxidative stress that results in elevation MDA and decreases GSH
and CAT levels. MS treatment reduces MDA level and increase GSH and Cat which indicator for decrease oxidative stress
condition and improve renal functions.

5. Conclusion

Intrarenal injection of silica mesoporous improve renal function in rats suffers from acute kidney injury.
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