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ABSTRACT

Kidney damage is commonly attributed to using certain drugs, such as gentamicin,

which causes elevated kidney parameters in blood and damage to renal tissue. This
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damage is often a result of oxidative stress, but it can be mitigated by using antioxidants.
Several studies proved the potential of sugarcane (Saccharum officinarum L.) leaves
as an antioxidant. Therefore, this experiment aimed to examine the nephroprotective
action of sugarcane leaves. Twenty-five Wistar rats were separated into the normal,
negative, and sugarcane leaf extract (SLE) (200, 400, and 600 mg/kg BW) groups. The
animals were handled for 8 days, and then, the blood and tissue were collected 24 h
later. The results revealed that SLE prevents increased creatinine, blood urea nitrogen,

uric acid, and malondialdehyde levels. The histology analysis indicated that the extract
improved kidney morphology and histopathology. Sugarcane leaves have the potential
to be a nephroprotective agent.
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INTRODUCTION

The kidney is essential in eliminating xenobiotics,
making it susceptible to toxic effects, including drugs.!?
Gentamicin, an aminoglycoside antibiotic, is known to have
anephrotoxic effect.”) The nephrotoxic effect can be detected
through increased renal parameter functions such as
creatinine, uric acid, blood urea nitrogen (BUN), and kidney
histopathological alteration.[**! The histopathological
alteration is characterized by tubular necrosis, widening
of the Bowman’s space, tubular dilation, and glomerular
atrophy.*”! The mechanism by which gentamicin induces
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tubular injury is through tubular epithelial cell necrosis and
the alteration of the compound participating in transporting
water and solutes.?!

Gentamicin induces nephrotoxicity, possibly by oxidative
stress generation such as reactive nitrogen species, hydroxyl
radicals, superoxide anions, and hydrogen peroxide in the
kidney, and by impairment of intracellular organelles.®
Gentamicin induces renal damage associated with protein
and lipid peroxidation, which can be measured by
malondialdehyde (MDA) level.®'% Several studies reported
that natural antioxidants were essential in nephroprotective
activity in gentamicin-induced kidney damage.>'!l

Sugarcane (Saccharum officinarum L.) has been shown
to have antioxidant activity in its juice and leaves.l'*'
This plant is primarily cultivated for sucrose production,
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and its leaves are widely used by the community for
animal feed and industrial material;">!"! sugarcane
leaves contain high secondary metabolites with vigorous
antioxidant activity, such as phenolic compounds and
flavonoids." Sugarcane leaves have been proven to contain
flavonoids, triterpenoids/steroids, alkaloids, polyphenols,
and tannins.”™® Some flavonoids have appeared in a
nephroprotective action against different nephrotoxic
specialists, leading to intense or persistent kidney
damage." Sugarcane juice also exhibited nephroprotective
activity by improving antioxidant defense and tissue
integrity.?” Luteolin, a flavonoid in sugarcane leaves, has
been shown to have nephroprotective effects.?! Based
on the activity of sugarcane juice and its phytochemical
content, sugarcane leaves have potential nephroprotective
properties. Studies on the nephroprotective activity of
sugarcane leaves on gentamicin toxicity have never been
carried out.

SUBJECTS AND METHODS

Subjects

This study included 25 male Wistar rats (8-12 weeks old)
weighing 150-200 g, placed into five equal groups of five
rats each. The ethical committee approved the experiment’s
protocol (1195/UN25.8/KEPK/DL/2021).

Materials

Sugarcane leaves were taken in Banyuwangi, Indonesia.
The chemicals used were ethanol, hydrochloric acid (HCl),
xylol (Merck, German); h and e (Himedia, India); serum
creatinine, BUN, and uric acid kits (Elitech, France); and
gentamicin sulfate and normal saline from local supplier.

The plant extraction

Sugarcane leaf powder was macerated with 96% ethanol
for 48 h; then, the extract was filtered to obtain the first
filtrate. The residue was re-macerated for 24 h with the same
solvent, yielding the second filtrate. The first and second
filtrates were mixed using a rotary evaporator (40°C) to
create a condensed sugarcane leaf extract (SLE).

Experimental design

The Wistar rats were separated into five groups (n = 5).
Group I (normal group) received saline (1 mL/kg
intraperitoneal). Group II (negative group) was
given intraperitoneal (i. p) injections of gentamicin
(80 mg/kg). Groups II1, IV, and V were treated with 80 mg/kg
intraperitoneal (i. p) injections of gentamicin and SLE orally
at doses of 200, 400, and 600 mg/kg BW. The procedure
was continued for 8 days, and on the 9" day, the rats were
euthanized. Blood samples and kidneys from each group
were taken for biochemical and histological analysis.

Kidney function parameters measurement
The creatinine, BUN, and uric acid serum levels were
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determined using blood samples and performed
using a spectrophotometer per the manufacturer’s
specifications.

Malondialdehyde measurement

Blood serum and kidney homogenate were added with
1 N HCl and 1% Na-TBA (Sodium Thiobarbituric Acid),
vortexed, then incubated for 30 min at 100°C. The precipitate
was detached by centrifugation after cooling, and the
absorbance was measured using an ultraviolet-visible
spectrophotometer (532 nm).*

Macroscopic examination and measurement of kidney
relative weight

The macroscopic examination was carried out
by observing the color and surface texture of the
kidneys. The relative kidney weight was computed
using (absolute organ weight [g]) + (final body weight
of rat) x100.3

Histopathological examination

The kidneys were preserved in 10% neutral-buffered
formalin. Furthermore, the fixed tissues were dehydrated
with alcohol series and cleared with xylol. Then, kidneys
were embedded in paraffin, followed by sectioning and
staining. The histology slides were observed with a
microscope (Olympus DP21).

Analysis of statistic

Analysis of statistics was conducted using SPSS 20 (IBM,
New York, USA) to differentiate between groups through
one-way ANOVA, then analyzed with the least significant
differences post hoc.

RESULTS

Kidney functional parameters

The rats from the negative groups showed high BUN,
creatinine, and uric acid levels. Meanwhile, the animals
treated with SLE showed lower levels of BUN [Figure 1],
creatinine [Figure 2], and uric acid [Figure 3]. The result
indicated that the extract had a protective effect on
preventing kidney damage.
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Figure 1: Sugarcane leaf extract’s effect on blood urea nitrogen levels.
SLE: Sugarcane leaf extract
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Figure 2: Sugarcane leaf extract’s effect on creatinine levels. SLE:
Sugarcane leaf extract

Malondialdehyde levels

MDA has been found to increase in patients with renal
failure.l'%?*? Based on the results, the group with the
highest MDA levels in serum and kidney was the negative
group [Table 1]. The group treated with sugarcane leaves
ethanol extract doses of 400 and 600 mg/kg BW showed
lower MDA levels, indicating extract activity as an
antioxidant [Table 1].

Morphology and histology analysis

Kidney weight

The absolute and relative kidney weight data correlated
with the intensity of damage and histopathological
alteration. Absolute kidney weight is a good indicator of
kidney damage regardless of toxic substances” effect on
body weight.* The results [Table 2] showed no significant
difference in all groups (P > 0.05), suggesting that the
gentamicin-induced renal changes were reversible on its
discontinuation.®

Kidney morphology

The macroscopic observation [Figure 4] showed the kidney
of the negative group appearing paler than the other groups,
with dark spots on the surface indicating necrosis. The
600 mg/kg BB SLE dose showed red, almost resembling
the normal group.

Kidney histology

Figure 5 shows the treatment effect on rats’ kidney
histology. The negative and sugarcane leaves extract at
200 mg/kg BW demonstrated tubular dilation and necrosis,
widening the distance between the glomerulus, Bowman’s
capsule, and glomerular atrophy. The 600 mg/kg BW dose
was the most effective in improving kidney histopathology
by not experiencing tubular dilation, but some tubules still
had necrosis.

DISCUSSION

The nephrotoxicity gentamicin mechanism is presumably
through the formation of oxidative and nitrosative stress.
11271 Gentamicin promotes reactive oxygen species (ROS)
in mitochondria, thus initiating the intrinsic apoptosis
pathway, disrupting the respiration chain, and lowering
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Figure 3: Sugarcane leaf extract’s effect on uric acid levels. SLE:
Sugarcane leaf extract

Table 1: The malondialdehyde levels

Group Serum MDA Kidney MDA
(nmol/mL) = SD (nmol/mL) = SD
Negative 15.31+0.19° 18.22+0.45°
Normal 3.73x0.41° 6.92+0.149
SLE 200 mg/kg BW 14.71+0.40¢ 18.16=0.28°
SLE 400 mg/kg BW 8.32=1.05¢ 10.50+0.89"
SLE 600 mg/kg BW 4.60+0.14° 9.06+0.13°

The same superscript letter showed that the information differed between groups.
MDA: Malondialdehyde, SLE: Sugarcane leaf extract, SD: Standard deviation

Table 2: Kidney weight

Group Kidney absolute Kidney relative
weight (g) + SD weight (%) * SD

Negative 1.32+0.11 0.85+0.06

Normal 1.15+0.09 0.71+0.08

SLE 200 mg/kg BW 1.29+0.27 0.81+0.13

SLE 400 mg/kg BW 1.25+0.10 0.78+0.09

SLE 200 mg/kg BW 1.15+0.22 0.77+0.06

SLE: Sugarcane leaf extract, SD: Standard deviation

ATP synthesis, causing cell death.®! This mechanism induces
oxidative stress in tubular cells by reducing antioxidant
enzymes (superoxide dismutase and catalase).®**! These
pathways generate tubular damage and dysfunction by
altering the function of the major cellular components
involved in water and solute transportation, resulting in
epithelial cell necrosis.®®! This nephrotoxicity mechanism
is characterized by increased lipid peroxidation, protein
denaturation, and DNA damage involving the iNOS/NF«B/
P38MAPK pathway.*?! Nephrotoxicity due to gentamicin
also involves an inflammatory response through increased
cell infiltration, causing functional and structural kidney
damage.® These damages are marked by elevated serum
creatinine and BUN, reduced creatinine clearance rate, and
histological changes.*”

In this study, gentamicin induced nephrotoxicity by
increasing BUN, serum creatinine, uric acid, and MDA
levels, indicating kidney damage caused by oxidative
stress. The pathophysiology of chronic renal failure has
been discovered to coexist with free radical-induced lipid
peroxidative tissue damage.l'” The result showed that

Journal of Advanced Pharmaceutical Technology & Research | Volume 15 | Issue 3 | July-September 2024 I“I



Dewi, et al.: Nephroprotective effect of sugarcane (Saccharum officinarum L.) leaves

Right renal

Left renal

Figure 4: Morphology of rats’ kidneys after gentamicin induction. (a)
Negative group, necrosis (red arrow), (b) Normal group, (¢) Sugarcane
leaf extract (SLE) 200 mg/kg, (d) SLE 400 mg/kg, (¢) SLE 600 mg/kg

SLE had lower renal parameters and MDA levels than the
negative group. The activity was possibly caused by the
phytoconstituents in the extract that acted as antioxidants.
According to a previous study, antioxidants and reactive
oxygen scavenger agents protect gentamicin-induced
nephrotoxicity.”!

Sugarcane leaf phytochemicals include policosanol
and phenolic-polyphenols compounds such as
flavonoids.B% The common mechanism of action for
flavonoids as a nephroprotective agent is that they work
as an antioxidant and anti-inflammation."” The antioxidant
of flavonoids work by stabilizing reactive species such
as ROS and directly scavenging free radicals including
OH, 027, 'O, which leads to lipid peroxidation through
hydrogen atoms or electron donation transfer in R, RO, and
ROO.B31 Flavonoids inhibit the inflammatory mediators
and prevent oxidative stress. Flavonoids also increased
glutathione S-transferase antioxidant activity and ROS
trapping in mitochondrial succinate oxidase, microsomal
monooxygenase, Nicotinamide adenine dinucleotide
(NADH) oxidase, and glutathione S-transferase.***!

Luteolin is an essential compound with radical scavenging
activity among the flavonoids present in sugarcane
leaves.***1 Luteolin improved renal dysfunction and
reduced oxidative stress, renal tubular cell damage, and
apoptosis in nephrotoxic rats by regulating p53-dependent
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Figure 5: The rat’s kidney histology. (a) Normal group, (b) Negative
group, (c) Sugarcane leaf extract (SLE) 200 mg/kg, (d) SLE
400 mg/kg, (e) SLE 600 mg/kg, »: Normal proximal tubule,

: Normal glomerulus, »: Tubular dilatation, » : Tubular necrosis,
»: Widening of Bowman‘s space, P : Glomerular atrophy

renal tubular apoptosis.?’*! The nephroprotective of
luteolin works by normalizing serum creatinine and
BUN, improving oxidative stress by elevating the levels
of glutathione, decreasing the levels of 3-nitrotyrosine and
4-hydroxynonenal in cisplatin-induced nephrotoxicity
rats.’”l Luteolin also suppresses cytochrome P450-2E1
and reverses inflammation through nuclear factor-kappa
B, tumor necrosis factor-alpha, and cyclooxygenase-2
downregulation. Luteolin also normalized uric
acid serum, BUN, and urine creatinine and improved
histopathological status in albino rats with renal toxicity
induced by gentamicin.’”! This compound exhibited a
protective effect on the kidney through its anti-oxidative,
anti-inflammatory properties, and interaction with the Nrf2/
ARE/HO-1 pathway.! The results align with previous
studies that linked the extract’s hepatoprotective activity
to its antioxidant activity.*” This study has limitations,
primarily since it was conducted over a short period, and
there are no studies on chronic renal failure.

CONCLUSION

SLE had potential activity as a nephroprotective agent by
normalizing BUN, creatinine, uric acid, and MDA levels
and improving histopathological status, presumably
due to its phytoconstituents that had antioxidant and
anti-inflammatory effects.
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