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Abstract

Gentamicin (GM) is an effective and probably the most commonly used aminoglycosides antibiotic, however the risk of causing ne-
phrotoxicity limits its use. In the present study, the possible protective effects of Saccharum officinarum L. (sugar cane juice) on gen-
tamicin induced acute oxidative renal injury in experimental rats were investigated. Twenty adult albino rats were randomly allocated
into four groups (5 rats in each) and treated once daily for a period of 7 days as follows; group A being the negative control and was in-
jected intraperitoneal with normal saline, group B (sugar cane juice treated group) was given sugar cane juice orally at a dose of 15
ml/kg/day, group C (GM treated group) and group D (sugar cane juice + GM treated group) were the experimental groups and were in-
jected intraperitoneal with (80 mg/kg/day GM) & (sugar cane juice 15 ml/kg/day orally + 80 mg/kg/day GM intraperitoneal) respectively.
By the end of the experiment, the biochemical kidney functions tests (urinary cystatin C and kidney injury molecule-1, blood urea and
creatinine) were investigated. Also, oxidative stress parameters (malondialdehyde [MDA] level, superoxide dismutase [SOD] & glutathi-
one peroxidase [GPX] enzymatic activity) in renal tissue were evaluated. Histopathological examinations of kidney were done to assess
the degree of renal protection induced by sugarcane juice, Gentamicin treated rats showed; marked significant rise in the biochemical
kidney functions tests and lipid peroxidation (MDA) parameter in renal tissues, along with significant reduction in renal tissue antioxi-
dant enzymatic activity of both SOD & GPX. However, co-administration of sugar cane juice in group D leading to marked reduction in
previous biochemical markers and MDA levels together with significant elevated renal SOD &GPX enzymatic activity which nearly tend
to return to normal values. The histopathological examination of groups A and B showed normal kidney structure which was deranged in
group C (GM treated), whereas group D showed significant recovery in histological structures. Gentamicin induced acute renal injury
and oxidative damage. Co-administration of sugar cane juice may reduce this damage by improving antioxidant defense and tissue integ-
rity in experimental albino rats.
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1. Introduction

The kidney is a vital organ in both health & disease. Many environmental pollutants and chemicals, including drugs alter its functions
(Mahmood and Waters, 1994). Acute renal failure (ARF) refers to a sudden & almost reversible loss of renal functions, which develops
over a period of days or weeks. Among the causes of acute renal failure is acute tubular necrosis which occurs due to ischemia or ne-
phrotoxic drugs such as cisplatin & gentamicin (Jain et al., 2013). The capacity of the kidney to extract and concentrate toxic substances
by highly specialized cells together with its high blood flow rate which nearly account 21% of cardiac output, make it a common target
for toxic xenobiotics (Martinez-Salgado et al., 2007).

Aminoglycosides are traditional antibacterial medications that inhibit protein synthesis. They are used, either alone or in combination
with cell membrane-active compounds, for the treatment of severe and life-threatening infectious diseases (Mingeot-Leclercq et al.,
1999; Choi et al., 2011).

Among all of the aminoglycosides, gentamicin (GM) is considered the most commonly used & studied type. However, the ability of GM
to cause nephrotoxicity and ototoxicity remain major problems for its effective long term clinical use (Khan et al. 2009; Awodele et al.,
2015). The specificity of GM to produce nephrotoxicity is apparently related to its accumulation and deposition in the renal proximal
convoluted tubules (Laurent et al., 1999), and the oxidative stress damage caused by generation of reactive oxygen species (Tavafi et al.,
2012). Previous studies concluded that the natural antioxidants from medicinal plants and herbs can prevent GM induced nephrotoxicity
(Seckiner et al., 2014).

Saccharum officinarum L. (sugarcane) is a tall grass native to tropical regions of Asia (Pal et al., 2006). In Ayurvedic medicine, sugar-
cane is used to treat bronchitis, cough, anemia, constipation, urinary tract infections, loss of milk production as well as general debility
(Kadam et al., 2008). Also, it has been documented to possess anticancerous, antiproliferative and antioxidant properties which attributed
to high polyphenolics compounds predominantly flavonoids (Genovese and Lajolo, 2002; Mauricio Duarte-Almeida et al., 2006; Pallavi
etal., 2012).
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Hence, the current study was aimed to evaluate the possible protective effect of Saccharum officinarum L (sugar cane) juice on ne-
phrotoxicity induced by gentamicin.

2. Materials and methods

2.1. Preparation of sugar cane juice

Sugar cane juice was prepared according to method descried by Yasmin et al. (2010) and Khan et al. (2015). Sugar cane stems were cut
into equal lengths, washed with a plain water to remove any contaminants, then a three-roller power crusher was used to extract the juice.
The fresh juice then filtered by a muslin cloth & poured in a sterilized container (without addition of ice) and pasteurized at 85-90 °C for
five minutes with pH adjusted to <4.00. After that all the waxy material was removed and the juice filled in sterilized glass bottles with
air tight plastic caps without addition of any conventional food preservative. Bottles were stored in the refrigerator at 3-4 °C.

2.2. Animals

Twenty adult albino rats weighing 180-200 g were obtained from the animal breeding house, faculty of veterinary medicine, Moshtohor,
Banha university. The animals were maintained on stock diet and kept under fixed appropriate conditions of housing and handling. All
experiments were carried out in accordance with the research protocols according to the Ethics Committee of Scientific Research, Facul-
ty of Medicine, Banha University which followed the recommendations of the National Institutes of Health Guide for Care and Use of
Laboratory Animals (Publication No. 85-23, revised 1985).

2.3. Experimental design and treatments

Two weeks after acclimatization, all 20 rats were equally divided into 4 groups of 5 rats each. The animals of Group A served as negative
control and injected with normal saline, intraperitoneal for 7 days. Group B received an oral administration of sugarcane juice at a dose
of 15 ml/kg/day for 7 days and served as sugar cane juice group. Group C was injected intraperitoneal with gentamicin sulfate (GM)
(Memphis Company for Pharmaceutical and Chemical Industries, Cairo, Egypt) 80 mg/kg/day of for consecutive 7 days and served as
GM treated group. Group D was injected with GM intraperitoneal at a dose of 80 mg/kg/day and orally administered sugar cane juice at a
dose of 15 ml/kg/day for 7 days concomitantly with GM and served as. GM + sugar cane juice group.

2.4. Sampling

2.4.1. Urine Samples:

At the 7th day of the experiment, the rats were placed individually in metabolic cages to collect of 24 h urine for estimation of urinary
nephrotoxic markers; cystatin C & kidney injury molecule-1 (KIM-1)

2.4.2. Blood Samples:

At the end of the experimental period, all animals were sacrificed under anesthesia. Blood samples were rapidly obtained from their
hearts by 5ml syringes and kept in a dry sterilized centrifuge tube to coagulate for 30 min at room temperature, then centrifuged at 3000
rpm for 15 min (4°C) for separation of the serum. The clear non-hemolyzed supernatant sera was quickly removed and stored at 20°C as
aliquots for the quantitative estimation of both blood urea and serum creatinine.

2.4.3. Tissue Samples:

Immediately after scarification, both kidneys were rapidly removed and divided equally into two longitudinal sections. One half was
stored at -80°C till preparation of tissue homogenate for estimation of malondialdehyde (MDA) as a marker of lipid peroxidation (LPO),
and assaying activity of renal antioxidant enzymes: glutathione peroxidase (GPX), and superoxide dismutase (SOD). The other half was
preserved in neutral 10% formaldehyde solution then processed for histopathological analysis.

2.5. Biochemical analysis

2.5.1. Renal function parameters

Measurement of urinary cystatin C and kidney injury molecule-1 (KIM-1) were done using (Rat cystatin C ELISA Kit, My BioSource.
Com & Rat KIM-1 ELISA kit, tech@cusabio.com respectively) ), following the instructions of the manufacturer ( Pirttila et al., 2005).
Serum creatinine concentration was measured by creatinine- colorimetric method using the commercial kit (Jaffe. Colorimetric- Kinetic,
Spin react Company, Spain), following the instructions of the manufacturer. Blood urea was quantitatively estimated by urease- colori-
metric method using the (urease-GLDH, Kinetic UV from Spin react Company, Spain (Burtis et al., 2007).

2.5.2. Kidney oxidant/ antioxidant parameters

Malondialdehyde(MDA) was assessed as a marker of lipid peroxidation in renal tissue by measuring thiobarbituric acid reactive sub-
stances (TBARS) according to Chattopadhyay et al., (2003) principle. Measurement of MDA depends on the determination of thiobarbi-
turic acid reactive substances (TBARS) with thiobarbituric acid to produce a pink colored complex, which can be read colorimetrically at
532 nm.

The activity of renal tissue superoxide dismutase (SOD) was assayed according to the method of Kakkar et al. (1984), based on the inhi-
bition of formation of NADH-phenazinemethosulfate — nitrobluetetrazolium-formazon. The color formed at the end of the reaction can
be extracted into butanol and measured at 560nm.

The method proposed by Reddy et al. (1995) was adopted for assaying the activity of Glutathione peroxidase (GPX). In the presence of
hydrogen donor pyrogallol or dianisidine, peroxidase converts H202 to H20 and O2. The oxidation of pyrogallol or dianisidine to a
colored product called purpurogalli can be followed spectrophotometrically at 430nm.
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2.6. Histological study

Histological studies were done according to Bancroft and Layton (2019). At the end of the experimental period, kidney specimens were
rapidly excised and small pieces were preserved and fixed in 10 % neutral formalin solution. The fixed specimens were trimmed, dehy-
drated in ascending grades of alcohol, cleared in xylene. They were embedded in paraffin boxes, sectioned at 4-6 microns’ thickness and
stained with Hematoxylin and Eosin (H&E). The histopathological changes were evaluated in several sections from each group using a
light microscope.

2.7. Statistical analysis

Using the SPSS (Statistical Package for the Social Sciences, version 16.0 software, Spss Inc., Chicago, ILL Company) computer pro-
gram, the obtained data were statistically analyzed and the results were presented as (mean + SD). Data were tested for normality using
Shapiro-Wilks test assuming normality at P>0.05, it was proved to be normally distributed, so The differences between the mean values
among groups were determined by analysis of variance (ANOVA). Significant ANOVA was followed by post hoc multiple comparison
using Bonferroni test to detect the significant pairs. P<0.05 was considered significant. Means with different letters are significantly dif-
ferent.

3. Results

1) Biochemical Study
Sugar cane juice treated group demonstrated normal biochemical (cystatin C, kidney injury molecules-1 [KIM-1], blood urea and serum
creatinine) and oxidative stress parameters (malondialdehyde [MDA)], the enzymatic activity of both superoxide dimutase [SOD] &
glutathione peroxidase [GPX]) in comparison with control values. However, Injection of rats with 80 mg/kg /day gentamicin (GM) once
daily for 7 consecutive days caused a marked significant increase in previous urinary and blood nephrotoxic parameters (cystatin C,
KIM-1, blood urea and creatinine) in addition to malondialdehyde (MDA) level in renal tissue together with a significant reduction in the
enzymatic activity of renal tissue superoxide dimutase (SOD) & glutathione peroxidase (GPX) when compared with control values. On
the contrary, addition of sugar cane juice to GM in group D lead to markable reduction in urinary and blood nephrotoxic parameters and
a significant elevation in the enzymatic activity of both superoxide dimutase (SOD) & glutathione peroxidase (GPX) in renal tissue as
compared with GM treated rats (table 1).

2) Histopathological Study
Histopathological examinations of sections from the rats' kidneys for evaluation of nephrotoxic effects of GM and the protecting role of
co- administration of sugar cane juice were shown in (Fg.1).

Table 1: Evaluation of the Effects of Sugar Cane Juice Oral Administration on Nephrotoxic Markers and Renal Tissues Oxidative Stress Parameters in
Gentamicin Induced Acute Renal Toxicity in Experimental Rats (N=5) by ANOVA One-Way Statistical Comparison Test

Sugar cane juice +

Groups Control Sugar cane juice Gentamicin Gentamicin ANOVA P
cystatin C ( ng/ml) 8.0+ 0.524 8.2620.861 20.2%° +5.84 11.20 +1.75 17.2 <0.001 (HS)
KIM-1 (ng/ml) 6.52+1.07 6.86+0.87 16.6%° +3.76 9.64+1.24 24.8 <0.001 (HS)
Urea (mg/dl) 22.2+1.30 21.8+2.16 46.6°+9.12 37.8%+6.45 22.7 <0.001 (HS)
Creatinine (mg/dl) 0.49+0.043 0.47+0.047 1.98%¢+ 0.797 1.01 £0.257 14.2 <0.001 (HS)
MDA ( nmol MDA/g tissue ) 47.4+5.92 47.8 £5.18 78.9% +8.41 71.9% +9.61 23.6 <0.001 (HS)
SOD ( U/mg protein ) 56.7+5.90 58.6+4.45 32.1%° +4,58 50.7+7.69 21.7 <0.001 (HS)
GpX (\nmol/mg tissue ) 31.1+1.38 30.7+1.11 12.9%¢ +2.45 24.7%+4.07 55.6 <0.001 (HS)

Different letter within the same row indicates significant differences (p<0.05) between experimental groups for the same blood & tissue
chemical parameter.

Highly significant P (<0.001). KIM-1 = kidney injury molecules-1. MDA = malondialdehyde, SOD = superoxide dimutase, GPX= gluta-
thione peroxidase.
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Fig. 1: A Photomicrograph Sections of the Studied Rat’s Renal Tissues Demonstrated Renoprotective Effect of Sugar Cane Juice on Histopathological
Changes of Renal Tissue in Rats Injected with GM. All [Hematoxylin and Eosin (H& E) X 400]. (A) Renal Tissue of Control Rats Revealed Normal
Renal Corpuscle Contained Tuft of Blood Capillaries and Glomeruli & Surrounded by Two Layers of Bowman's capsule. The Renal Tubules Consisted of
Proximal Convoluted Tubules Lined with Large Pyramidal, the Distal Convoluted Tubules Lined with Simple Cuboidal Cells). (B & B1) Renal Tissue Of
GM Treated Rats Showing Marked Tubular Vacuolar Degeneration with Widening in Their Lumen (===*), Sever Glomerular Atrophy (—*) in Form
of Retraction of Glomerular Tuft & Widening of Bowman's Space), Marked Congestion& Hemorrhage (====¢). (C) Renal Tissue of Rats Treated with
Sugar Cane Juice Concomitantly with GM Showing Mild Tubular Vacuolar Degeneration (=) and Mild Glomerular Atrophy (===%*).

4. Discussion

Gentamicin (GM) nephrotoxicity is one of the most common causes of acute renal failure. Several studied have documented the role of
oxidative stress in renal damage (Singh AP et al., 2012; Mestry et al., 2017).

In the current study, control (group A) and sugar cane juice (group B) treated rats were demonstrated normal kidney functions parameters
(normal cystatin C, kidney injury molecule-1[KIM-1], serum creatinine and blood urea. Also, histopathological sections of the same both
groups reflected normal renal structure.

The nephrotoxic effects of gentamicin (GM) in Group C (GM treated rats) were manifested by a marked significant elevation in the lev-
els of cystatin C. These results were in line with other studies that revealed changes in both serum and urinary levels of cystatin C in
various models of kidney injury (Parikh et al.

2010; Vaidya et al. 2008; Zhang et al. 2011). Additionally, the present study revealed marked significant increase in urinary KIM-1 in
gentamicin treated group as compared to control group. These results agreed with the study of Cunha and Schor (2002) who illustrated
that, in the dose-response study, urinary KIM-1 and kidney KIM-1/Havcrl mRNA expression are very sensitive to the renal injury pro-
duced by gentamicin. These results may be explained by the fact that gentamicin accumulates in the epithelial cells of renal proximal
tubules, leading to structural changes and functional impairments of the plasma membrane, mitochondria, and lysosome (Ali, 1995).
Functionally, the levels of blood urea and serum creatinine in Group C (GM treated group) in also showed markable significant increas-
es. Similar degrees of GM toxicity have been reported by Karahan et al. (2005); Soliman et al. (2007); Moghaddam et al. (2010); Si-
vachandran and Hariharan (2012) who found that the gentamicin nephrotoxicity is functionally characterized by increase in serum creati-
nine, urea, and blood urea nitrogen. Also, Padmini and Kumar (2012) reported that treatment with gentamicin at dose level 80mg/kg.
B.W. for 10 days produced an increase in the concentration of serum urea, creatinine and uric acid in rats.

Regarding oxidative stress parameters, the current work illustrate that GM-induced nephrotoxicity generates reactive oxygen species
(ROS). This is manifested by a significant increase in renal tissue lipid peroxidation product malondialdehyde (MDA) level, together
with a significant reduction in superoxide dismutase (SOD), and glutathione peroxidase (GPX) activities. These results are in agreement
with the reports by Shalaby and Hammoda (2014) who revealed that intraperitoneal injection of GM in rats led to an increase MDA and
reduction in reduced glutathione (GSH) and superoxide dismutase.

The biochemical analysis of the current research is confirmed by the histopathological examination of the renal tissue, where GM inject-
ed rats demonstrated glomerular atrophy (retraction of glomerular tuft & widening in Bowman's space), renal tubular vacuolar degenera-
tion and hemorrhage. These results are in accordance with the findings reported by Soliman et al. (2007).

The specificity of GM to induce nephrotoxicity was attributed to its deposition and accumulation in the renal convoluted tubules and
lysosomes leading to cytotoxicity (Laurent et al., 1999), The mechanism of GM induced nephrotoxicity may be explained by increased
production of reactive oxygen species (ROS) leading to cytotoxicity due to oxidative stress (Tavafi et al., 2012).

However, co-administration of sugar cane juice with GM in group D revealed reno-protective effects manifested by the considerable
reduction in urinary nephrotoxic markers (Cystatin-C and KIM-1), along with renal functions tests (serum creatinine & blood urea), renal
lipid peroxidation product (MDA), and increased in renal antioxidants parameters (SOD & GPX) as compared to GM treated rats and
these results were statistically significant. Such results were reported by Karahan et al., (2005); Farombi and Ekor, (2006); Polat et al.
(2006) who studying the effects of different antioxidant compounds on gentamicin nephrotoxicity. Furthermore, the histopathological
examination of renal tissue in group D (sugar cane juice + GM treated rats) revealed improvement effects of sugar cane juice and showed
mild tubular vacuolar degeneration and mild glomerular atrophy.

The renoprotective effect of sugar cane juice may attributed to its high content of the antioxidant components. Polyphenolic compounds
and flavonoids; apigenin, luteolin and tricin were found in the highest quantities. Bioactivity of tricin along with apigenin and luteolin
have been proposed to be synergistic or additive in sugar cane juice (Duarte-Almeida et al., 2007).

5. Conclusions

Sugar cane juice possess a significant antioxidant protective effect against gentamicin induced acute renal injury and oxidative damage in
experimental albino rats. However, further human studies are required to demonstrate the antioxidant effects of sugar cane juice on renal
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diseases. Nevertheless, Saccharum officinarum L. (sugar cane) juice may offer an inexpensive, nontoxic and effective antioxidant inter-
vention strategy in subjects with a risk for GM induced nephrotoxicity.
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