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Graphical Abstract 

 

Abstract: Cisplatin is a widely used platinum-based antineoplastic drug, but nephrotoxicity 
remains a major dose-limiting toxicity. Kepok banana peel contains antioxidant-associated 
phytochemicals that may counteract oxidative renal injury. This study evaluated the 
nephroprotective potential of ethanol extract of Kepok banana peels (EEKBP) in cisplatin-
induced Wistar rats. Twenty-five male Wistar rats were randomly divided into five groups: 
normal control, cisplatin only, EEKBP 285 mg/kg body weight, EEKBP 285 mg/kg body 
weight plus cisplatin, and EEKBP 570 mg/kg body weight plus cisplatin. Cisplatin was 
administered intraperitoneally at 10 mg/kg body weight on day 12. EEKBP suspension was 
administered daily according to group allocation. Serum urea, creatinine, phytochemical 
screening, and kidney histology were assessed. EEKBP contained flavonoids, saponins, 
tannins, and glycosides. Cisplatin increased mean urea and creatinine levels to 51.20 +/- 
5.54 mg/dL and 1.96 +/- 0.23 mg/dL, respectively. EEKBP plus cisplatin groups showed 
lower urea and creatinine levels than the cisplatin-only group. Pairwise testing showed 
significant differences between the cisplatin-only group and both EEKBP plus cisplatin 
groups, while the two EEKBP plus cisplatin doses did not differ significantly from each 
other. Kidney histology showed qualitative improvement in the EEKBP-treated groups 
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compared with cisplatin alone. EEKBP showed nephroprotective potential in cisplatin-
induced rats, as reflected by lower urea and creatinine levels and improved qualitative 
kidney histology. The results do not demonstrate a statistically clear dose advantage of 570 
mg/kg over 285 mg/kg. 

Keywords: cisplatin; creatinine; ethanol extract; kidney histology; Musa paradisiaca; 
nephroprotective; urea 

INTRODUCTION 

The global cancer burden continues to increase, and platinum-based 
chemotherapy remains important for the treatment of several solid tumors.1-4 Cisplatin 
forms DNA adducts and contributes substantially to cancer cell killing, but its clinical 
utility is constrained by dose-limiting adverse effects, especially acute kidney injury.2-6 
Nephrotoxicity is clinically important because it can delay chemotherapy cycles, 
require dose reduction, or limit continued treatment in patients who otherwise respond 
to therapy.5-11 

Cisplatin-induced kidney injury is driven by several linked mechanisms. The drug 
accumulates in proximal tubular cells, where it promotes mitochondrial dysfunction, 
oxidative and nitrosative stress, tubular apoptosis and necrosis, vascular injury, and 
inflammatory signaling.5-16 Experimental models show that increases in serum urea and 
creatinine are accompanied by tubular dilation, congestion, inflammatory-cell 
infiltration, and necrotic changes in renal tissue.5-8,12-16 Cytokine-mediated pathways, 
including tumor necrosis factor-alpha and interleukin responses, further amplify tubular 
damage.17-20 

Antioxidant and anti-inflammatory strategies have therefore been explored as 
nephroprotective approaches. Natural products and phytochemical-rich extracts are of 
interest because several agents, including wheat-derived preparations, Nigella sativa 
oil, rutin, pomegranate seed oil, naringenin, selenium, and vitamin E, have reduced 
biochemical or histological signs of cisplatin-induced kidney injury in animal 
studies.15,21-26 These findings provide a rationale for testing locally available plant 
materials with antioxidant activity, while recognizing that experimental benefit does not 
directly establish clinical use. 

Banana peel is a relevant candidate because Musa species contain phenolic 
compounds, flavonoids, tannins, and other antioxidant constituents.27-30 Banana peel 
extracts have shown antioxidant activity under different extraction conditions, and 
Musa paradisiaca preparations have been investigated for topical, metabolic, and 
organ-protective effects.27-33 However, evidence on ethanol extract of Kepok banana 
peels (EEKBP) as a nephroprotective agent against cisplatin-induced kidney injury 
remains limited. This study therefore aimed to evaluate the effect of EEKBP on serum 
urea, serum creatinine, and qualitative kidney histology in cisplatin-induced Wistar rats. 

MATERIALS AND METHOD 

Study design and setting 

This study used a completely randomized experimental design and was 
conducted from July to September 2022 at the Pharmacology Laboratory, Faculty of 
Pharmacy, University of North Sumatra, and AA Main Clinic, Medan, Indonesia. The 
reporting of the experimental design was revised with reference to ARRIVE 2.0 
principles where applicable.34 

Experimental animals and grouping 

Twenty-five male Wistar rats (Rattus norvegicus), weighing approximately 100-
200 g at enrolment and around 200 g +/- 10% at grouping, were used as experimental 
animals. The rats were divided into five groups with five animals per group. Group A 
was the normal control. Group B received cisplatin only. Group C received EEKBP 285 
mg/kg body weight only. Group D received EEKBP 285 mg/kg body weight plus 
cisplatin. Group E received EEKBP 570 mg/kg body weight plus cisplatin. 
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Preparation of Kepok banana peel extract 

Kepok banana peels were purchased from a market in Medan. Plant 
determination was carried out at the Faculty of Mathematics and Natural Sciences, 
University of North Sumatra. Approximately 500 g of dried and powdered simplicia 
were mixed with 96% ethanol at a 1:3 w/v ratio and stirred at 250 rpm for two days. 
The mixture was filtered repeatedly to obtain a clear viscous filtrate. The extract was 
concentrated at 45-50 degrees Celsius using a rotary evaporator, and the remaining 
solvent was evaporated using a water bath. Qualitative phytochemical screening was 
performed to detect flavonoids, tannins, triterpenoids, alkaloids, saponins, and 
glycosides. 

Cisplatin induction and sample collection 

Cisplatin-induced nephrotoxicity was produced by intraperitoneal injection of 
cisplatin 10 mg/kg body weight on day 12, with monitoring until day 14. EEKBP 
suspension was administered daily according to group allocation. On day 15, all rats 
were fasted with access to water until euthanasia. After chloroform anesthesia, kidney 
organs were collected from each treatment group, coded, and processed for 
histological examination. 

Peripheral blood serum was collected on day 15. Blood was transferred into 
tubes and centrifuged for 10 minutes at 3000-4000 rpm to separate serum from 
precipitate. Serum was collected into coded microtubes and stored at -4 degrees 
Celsius before urea and creatinine measurement using commercial enzymatic reagent 
kits. 

Statistical analysis 

Data were analyzed using SPSS. Urea and creatinine are presented as mean 
and standard deviation. Normality and homogeneity of variance were assessed before 
between-group comparisons. The submitted analysis used independent t-tests for 
pairwise comparisons, with p < 0.05 interpreted as statistically significant. Because the 
experiment included multiple pairwise comparisons in a small sample, p-values should 
be interpreted as exploratory rather than definitive dose-response evidence. 

RESULTS 

Phytochemical screening 

Qualitative phytochemical screening identified flavonoids, saponins, tannins, 
and glycosides in EEKBP, whereas triterpenoids and alkaloids were not detected 
(Table 1). These phytochemical groups are consistent with published evidence that 
banana peels contain phenolic and antioxidant-associated constituents.27-30 

Table 1. Phytochemical content of ethanol extract of Kepok banana peels 

No. Phytochemical Result 
1 Flavonoids Found (+) 
2 Triterpenoids Not found (-) 
3 Alkaloids Not found (-) 
4 Saponins Found (+) 
5 Tannins Found (+) 
6 Glycosides Found (+) 

Serum urea and creatinine profile 

The serum biochemical profile is presented in Table 2 and Figure 1. In the 

normal control group, mean urea and creatinine were 21.80 +/- 2.86 mg/dL and 0.70 
+/- 0.10 mg/dL, respectively. The cisplatin-only group had the highest mean urea and 
creatinine levels, at 51.20 +/- 5.54 mg/dL and 1.96 +/- 0.23 mg/dL. Both EEKBP plus 
cisplatin groups had lower urea and creatinine levels than the cisplatin-only group, but 
their levels remained higher than the normal control group. 
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Table 2. Serum urea and creatinine levels in rats with cisplatin-induced nephrotoxicity 

No. Treatment group Urea mean Urea SD Creatinine 
mean 

Creatinine 
SD 

1 Group A 21.80 2.86 0.70 0.10 
2 Group B 51.20 5.54 1.96 0.23 
3 Group C 27.00 3.46 0.92 0.13 
4 Group D 34.40 5.41 1.12 0.20 
5 Group E 37.40 4.88 1.18 0.19 

SD: standard deviation. Group A: normal; Group B: cisplatin only; Group C: EEKBP 285 mg/kg body weight; 
Group D: EEKBP 285 mg/kg body weight plus cisplatin; Group E: EEKBP 570 mg/kg body weight plus cisplatin. 

 
Figure 1. Mean serum urea and creatinine levels by treatment group. Bars show group means 
and error bars show standard deviations. Values are the same as those presented in Table 2. 
Group A: normal; Group B: cisplatin only; Group C: EEKBP 285 mg/kg body weight; Group D: 
EEKBP 285 mg/kg body weight plus cisplatin; Group E: EEKBP 570 mg/kg body weight plus 
cisplatin. 

Pairwise comparisons 

Pairwise comparisons are shown in Table 3. Urea and creatinine levels differed 
significantly between the normal control and all other groups. Compared with the 
cisplatin-only group, Groups C, D, and E showed significantly lower urea and creatinine 
levels. The comparison between Group D and Group E was not significant for urea or 
creatinine, indicating that the present data do not show a statistically clear advantage 
of 570 mg/kg over 285 mg/kg when both doses were combined with cisplatin. 

Table 3. Pairwise difference tests for serum urea and creatinine 

Group 1 Group 2 Urea difference +/- 
SE 

Urea p-value Creatinine difference 
+/- SE 

Creatinine p-
value 

Group A Group B -29.40 +/- 2.79 0.000* -1.26 +/- 0.11 0.000* 
Group A Group C -5.20 +/- 2.00 0.032* -0.22 +/- 0.07 0.017* 
Group A Group D -12.60 +/- 2.74 0.002* -0.42 +/- 0.10 0.003* 
Group A Group E -15.60 +/- 2.52 0.000* -0.48 +/- 0.10 0.001* 
Group B Group C 24.20 +/- 2.92 0.000* 1.04 +/- 0.12 0.000* 
Group B Group D 16.80 +/- 3.46 0.001* 0.84 +/- 0.14 0.000* 
Group B Group E 13.80 +/- 3.30 0.003* 0.78 +/- 0.13 0.000* 
Group C Group D -7.40 +/- 2.87 0.033* -0.20 +/- 0.11 0.103 
Group C Group E -10.40 +/- 2.68 0.005* -0.26 +/- 0.10 0.037* 
Group D Group E -3.00 +/- 3.26 0.384 -0.06 +/- 0.13 0.646 

SE: standard error; *statistically significant at p < 0.05. 

Kidney histology 

Qualitative kidney histology is shown in Figure 2. Group A showed normal 
glomerular morphology without vascular congestion, tubular dilatation, tubular 
necrosis, or inflammatory-cell infiltration. Group B showed glomerular damage, 
vascular congestion, tubular dilatation, tubular damage with many necrotic tubular 
cells, and inflammatory-cell infiltration. Group C was broadly similar to normal kidney 
tissue, with only slight glomerular change and minimal tubular dilatation. Groups D and 
E showed improvement compared with Group B, with normal-appearing glomeruli, 
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minimal blood-vessel congestion, minimal tubular dilatation, few inflammatory cells, 
and no necrotic cells described. 

 
Figure 2. Kidney histology images stained with hematoxylin and eosin at 400x magnification. 
Group A: normal; Group B: cisplatin only; Group C: EEKBP 285 mg/kg body weight; Group D: 
EEKBP 285 mg/kg body weight plus cisplatin; Group E: EEKBP 570 mg/kg body weight plus 
cisplatin. 

DISCUSSION 

This study found that cisplatin increased serum urea and creatinine and 
produced qualitative renal histological injury. These findings align with established 
mechanisms of cisplatin-induced acute kidney injury, in which proximal tubular 
accumulation initiates oxidative stress, mitochondrial dysfunction, apoptosis, necrosis, 
and inflammatory signaling.5-20 The marked increase in urea and creatinine in Group B 
is therefore biologically consistent with cisplatin-induced renal dysfunction rather than 
an isolated biochemical fluctuation. 

The EEKBP plus cisplatin groups had lower urea and creatinine levels than 
the cisplatin-only group and showed qualitative histological improvement. The 
phytochemical screening provides a plausible explanation because flavonoids, 
tannins, saponins, and glycosides may contribute to antioxidant and anti-inflammatory 
activity. Banana peel studies have reported phenolic and flavonoid compounds, 
extraction-dependent antioxidant activity, and bioactive potential across Musa 
species.27-33 These constituents may help limit reactive oxygen species, lipid 
peroxidation, and inflammatory amplification, which are central pathways in cisplatin 
nephrotoxicity.12-20 

The findings are also consistent with other experimental nephroprotection 
studies. Wheat-derived products, Nigella sativa oil, rutin, pomegranate seed oil, 
naringenin, selenium, and vitamin E have each been reported to reduce biochemical 
or tissue injury in cisplatin models.21-26 The current study adds preliminary evidence for 
Kepok banana peel extract in a similar experimental framework. However, the present 
results should be interpreted cautiously because the study did not measure oxidative-
stress markers such as malondialdehyde, superoxide dismutase, catalase, 

glutathione, or inflammatory cytokines. Without these mechanistic endpoints, the 
antioxidant explanation remains biologically plausible but not directly demonstrated. 

The dose interpretation is important. Group D and Group E both improved 
compared with Group B, but they did not differ significantly from each other for either 
urea or creatinine. The conclusion should therefore emphasize nephroprotective 
potential compared with cisplatin alone, rather than claiming a clear dose-dependent 
benefit of 570 mg/kg over 285 mg/kg. A larger design with additional dose levels, a 
570 mg/kg extract-only group, formal post hoc correction, and quantitative 
histopathological scoring would be needed to identify an optimal dose. 
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The histological findings strengthen the biochemical pattern because the 
cisplatin-only group showed glomerular and tubular injury, whereas EEKBP-treated 
groups showed less severe qualitative damage. Still, the histology was descriptive and 
apparently unblinded. International reporting standards for animal experiments 
recommend transparent randomization, blinding, sample-size justification, predefined 
outcomes, and clear ethical approval reporting.34 These details should be strengthened 
before publication so that readers can judge reproducibility and risk of bias. 

This study has several limitations. The sample size was small, with five rats 
per group. Pairwise independent t-tests were used repeatedly, increasing the 
possibility of false-positive findings. The design lacked an EEKBP 570 mg/kg-only 
group, and it did not include quantitative histological scoring or kidney-specific injury 
biomarkers. The study also did not quantify the extract's total phenolic content, 
flavonoid content, antioxidant capacity, or individual active compounds. These 
limitations do not invalidate the observed pattern, but they mean the findings should 
be described as preliminary experimental evidence. 

CONCLUSION 

Ethanol extract of Kepok banana peels contained flavonoids, saponins, 

tannins, and glycosides. In cisplatin-induced Wistar rats, EEKBP was associated with 
lower serum urea and creatinine levels and qualitative improvement in kidney histology 
compared with cisplatin alone. The data support the nephroprotective potential of 
EEKBP, but they do not demonstrate a statistically clear dose advantage of 570 mg/kg 
over 285 mg/kg. Further studies should include larger samples, quantitative 
histological scoring, oxidative-stress and inflammatory markers, extract 
standardization, and complete animal ethics reporting. 
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