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Abstract

Cisplatin and other chemotherapy agents are critical for cancer treatment but pose a significant
ecotoxicological risk following excretion into the environment. This study investigated the potential
of Cucurbita maxima (pumpkin) seed extract, a natural source of antioxidants, to mitigate cisplatin-
induced nephrotoxicity in an albino rat model. Forty rats were divided into four groups: a negative
control, a positive control (cisplatin only), and two treatment groups receiving cisplatin alongside
pumpkin seed extract at 300 mg/kg or 600 mg/kg body weight. Nephrotoxicity was assessed via
serum biomarkers (urea, creatinine, total protein, albumin, electrolytes) and histopathological
examination. Phytochemical analysis confirmed the presence of flavonoids, phenolic compounds,
and other antioxidants, with the extract demonstrating high (92%) DPPH radical scavenging
activity. Cisplatin administration significantly (p<0.05) elevated urea and creatinine levels and
induced severe tubular necrosis and leukocytic infiltration. Co-treatment with the pumpkin seed
extract, particularly at 600 mg/kg, markedly attenuated these effects, significantly restoring renal
function markers and preserving histological architecture. The findings demonstrate that Cucurbita
maxima seed extract possesses significant renoprotective properties, primarily attributed to its
potent antioxidant constituents. This research highlights the value of plant-derived bioactive
compounds as potential natural adjuvants to reduce the toxic side effects of pharmaceutical
contaminants, offering insights relevant to both biomedical science and environmental toxicology.

Keywords: Cucurbita maxima; antioxidant; cisplatin-induced nephrotoxicity; renoprotection;
ecotoxicology

Introduction

The use of herbal medicine remains widespread, particularly in developing countries where a
large percentage of the population relies on traditional remedies for primary healthcare [1]. Even in
developed nations, there is growing interest in plant-based compounds as alternative or
complementary therapies [2]. However, the efficacy and safety of many traditionally used plants
require rigorous scientific validation [3].

A key mechanism of action for many medicinal plants is their antioxidant activity, often
attributed to phenolic compounds and flavonoids. These compounds neutralize free radicals by
donating hydrogen electrons, thereby preventing oxidative stress and cellular damage [4].
Flavonoids, a group of polyphenolic compounds, are known for their free radical scavenging
capabilities and inhibition of hydrolytic and oxidative enzymes [5].

Nephrotoxicity is a serious adverse effect of certain drugs, including the chemotherapeutic agent
cisplatin. While highly effective against various cancers, cisplatin’s clinical utility is limited by its
dose-dependent kidney damage [6]. This nephrotoxicity is partly due to the drug’s accumulation in
renal tissues [7], leading to acute kidney injury characterized by a rapid decline in function. Evidence
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suggests that intracellular oxidative stress is a primary mechanism underlying cisplatin-induced
kidney damage [8,9]. Consequently, strategies to mitigate this toxicity often focus on reducing
oxidative stress and inflammation using antioxidant and anti-inflammatory agents.

The pumpkin (Cucurbita maxima), a member of the Cucurbitaceae family, produces seeds that are
a rich source of bioactive compounds. These seeds have been used in traditional medicine as
diuretics, antihelminthics, and for treating prostate enlargement and kidney dysfunction [10,11].
Various studies have illustrated the medicinal potential of pumpkin seeds, including anti-diabetic
[12], anti-urolithic [13], antioxidant, and anticancer properties [14]. Given this historical use and
documented bioactivity, we hypothesized that Cucurbita maxima seed extract could protect against
cisplatin-induced nephrotoxicity via its antioxidant properties. This study aims to evaluate this
renoprotective effect in a rat model, linking the findings to the broader context of mitigating the
environmental impact of pharmaceutical pollutants.

Materials and Methods

Plant Material and Extract Preparation

Pumpkin fruits were obtained from a local market in Khartoum. The seeds were dried, reduced
to a fine powder, and stored for analysis. The extraction was performed using 500 g of powder soaked
in 80% ethanol for 72 hours with daily filtration [15]. The solvent was evaporated under reduced
pressure using a rotary evaporator, and the resulting extract was stored.

Phytochemical Analysis

Phytochemical screening of the methanolic pumpkin seed extract was carried out using standard
qualitative methods to detect the presence of flavonoids, glycosides, alkaloids, saponins, phenolic
compounds, and tannins [16-18].

DPPH Radical Scavenging Assay

The antioxidant activity of the extract was determined using the DPPH (2,2-Diphenyl-1-
picrylhydrazyl) radical scavenging assay [19], with minor modifications. Briefly, test samples
dissolved in DMSO were allowed to react with a DPPH solution in ethanol (300 uM) for 30 minutes
at 37 °C. The decrease in absorbance was measured at 517 nm using a microplate reader. The
percentage radical scavenging activity was calculated, with Propyl Gallate used as a standard. All
tests were performed in triplicate.

Animals and Experimental Design

Forty adult albino rats (120-150 g) of both sexes were obtained from the Faculty of Pharmacy,
University of Khartoum. They were housed under controlled temperature (22-24 °C) with free access
to water and standard feed pellets and acclimatized for one week prior to the experiment. The
animals were randomly divided into four groups (n=10):

Group A (Negative Control): Received food and water only.

Group B (Positive Control): Administered cisplatin intraperitoneally (IP).

Group C (Treatment): Administered pumpkin seed extract (300 mg/kg BW/day) orally for 10
days, with cisplatin IP from day 6 to 10.

Group D (Treatment): Administered pumpkin seed extract (600 mg/kg BW/day) orally for 10
days, with cisplatin IP from day 6 to 10.

Biochemical Analysis

Blood samples were collected from the ocular vein on days 0, 5, and 10. Serum was separated by
centrifugation and stored at -20 °C until analysis. Serum concentrations of urea [20], creatinine [21],
albumin [22], and total protein [23] were determined using standard methods.
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Histopathological Examination

Kidney tissues were collected at the end of the experiment, processed routinely, embedded in
paraffin, sectioned, and stained with Hematoxylin and Eosin (H&E) for microscopic examination.

Statistical Analysis

Data were analyzed using one-way Analysis of Variance (ANOVA). Results were expressed as
mean + standard error (SE), and a p-value of < 0.05 was considered statistically significant.

Results

Phytochemical and Antioxidant Activity

Phytochemical screening revealed the presence of abundant flavonoids (+++) and phenolic
compounds (+++), with moderate levels of saponins (++) and tannins (++), and the presence of
glycosides (+) and alkaloids (+). The DPPH assay demonstrated that the pumpkin seed extract
possessed potent radical scavenging activity (92%), comparable to the Propyl Gallate standard (95%)
(Tables 1 and 2).

DPPH Radical Scavenging Activity

Table 1. DPPH Radical Scavenging Activity of Cucurbita maxima Seed Extract. Comparison of the antioxidant
activity of the pumpkin seed extract and the standard antioxidant, Propyl Gallate. The extract exhibited a high
scavenging activity of 92%, comparable to the standard (95%).

Sample No. Sample code %RSD+SD (DPPH)
1 Pumpkin seeds 92%+0.01
2 Propel Gallate 95%+0.01

Phytochemical Screening

Table 2. Phytochemical Screening of Cucurbita maxima Seed Extract. Qualitative analysis revealing the

presence of various bioactive compounds in the methanolic extract. (+++= abundant, ++ = moderate, + = present).

Test Result Test Result
Flavanoids +H Saponins ++
Glycosides + Phenolic compounds +++

Alkaloids + Tanins ++

Effect on Renal Function Markers

Cisplatin administration (Group B) induced significant nephrotoxicity, marked by a substantial
increase (p<0.05) in serum urea and creatinine levels by day 10 compared to the negative control
(Group A). Co-treatment with the pumpkin seed extract significantly attenuated this rise in a dose-
dependent manner. Group D (600 mg/kg extract) showed creatinine and urea levels much closer to
the normal range than the cisplatin-only group (Table 3, Figure 1).
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Table 3. Concentration of creatinine and urea following administration of pumpkin seed extract. Effect of
Cucurbita maxima Seed Extract on Serum Creatinine and Urea. Serial measurements of creatinine and urea levels
at Day 0, 5, and 10. Data are mean + SE (n=10). Groups: A (negative control), B (cisplatin), C (cisplatin + 300
mg/kg extract), D (cisplatin + 600 mg/kg extract). * indicates a significant difference (p <0.05) compared to Group
A on the same day.

Groups Creatinine Urea
Days Day 0 Day 5 Day 10 Day 0 Day 5 Day 10
Group A 0.32+0.04 0.32#0.04 0.42+0.02  13.67+0.51 14.64+0.62  16.45+0.68
C%roup'B 0.34+0.04 0.62+0.04 3.62+0.34 14.46x0.62 21.24+1.21  38.98+0.97
(cisplatin)
Group C (300)  0.32+0.04 0.72#0.06  2.26+0.24  15.34+0.54  20.12+0.82  29.21+0.86

22.46+0.92
Group D (600) 0.38+0.05 0.54+0.12  0.82+0.06  13.64+0.54  18.24+0.84 6+0.9

Renal Function Markers at Day 10
(Ceatinine and Urea)

60
38.98
40 29.21

16.45
20 0.42 3.62 2.26 0.82

22.46

20 A B C D
Groups

Concentration of Urea and
Cretitinine

B 16.4538.9829.2122.46 W Urea (Day 10)

Figure 1. Renal Function Markers Day 10. Bar graph showing the concentration of serum creatinine and urea
in all experimental groups at the end of the study (Day 10). Cisplatin administration (Group B) resulted in a
significant increase (*p* < 0.05) in both markers compared to the negative control (Group A). Co-treatment with
Cucurbita maxima seed extract at 300 mg/kg (Group C) and 600 mg/kg (Group D) attenuated this rise in a dose-
dependent manner. Data are presented as mean + standard error (SE). (n=10). *A=negative control, B= cisplatin,
C= cisplatin + 300 mg/kg extract, D= cisplatin + 600 mg/kg extract.*.

Effect on Biochemical Parameters

Cisplatin treatment (Group B) resulted in significant hypoproteinemia, hypoalbuminemia,
hyperkalemia, and hyponatremia by day 10. These changes were ameliorated in the treatment
groups, especially in Group D (600 mg/kg), where total protein, albumin, and electrolyte levels
(sodium and potassium) were significantly restored towards normal values (Table 4, Figures 2 and
3).

Table 4. The effect of pumpkin seeds extracts on biochemical parameters when administered with Cisplatin.
Effect of Cucurbita maxima Seed Extract on Biochemical Parameters. Serial measurements of total protein,
albumin, potassium, and sodium levels. Data are mean + SE (n=10). Cisplatin treatment (Group B) caused
significant hypoproteinemia, hypoalbuminemia, hyperkalemia, and hyponatremia by Day 10, which were

ameliorated by co-treatment with the pumpkin seed extract.

Group Total Protein Albumin Potassium Sodium
Days Day0 Day5 Day 10 Day 0 Day5 Day10 Day0 Day5 Day10 Day0 Day5 Day10
Group A 5.63+0.21 5.78+0.22 6.21+0.24 4.64+0.24 5.21+0.21 4.89+0.23 3.49+0.30 4.12+0.41 4.23+0.36 135.2+6.23 136.3+5.82 141.3+6.42
Group B 5.86+0.21 6.21+0.42 4.82+0.08 4.48+0.16 3.82+0.08 2.64+0.04 3.50+0.30 5.62+0.21 6.84+0.42 134.2+6.38 128.7+6.21 119.9+5.37
Group C 5.48+0.08 6.84+0.44 6.92+0.48 4.52+0.12 4.84+0.16 4.14+0.18 3.52+0.31 5.21+0.22 6.42+0.24 135.2+6.23 134.2+6.38 132.3+5.42
Group D  5.92+0.28 6.21+0.42 7.21+0.68 4.38+0.21 4.86+0.14 5.22+0.42 3.49+0.30 4.68+0.23 4.26+0.32 135.2+6.23 139.3+5.74 148.4+6.64
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Electrolyte Imbalance on Day 10
(Sodium and Potassium)
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Figure 2. Serum Electrolyte Levels at Day 10. The graph depicts the concentration of sodium and potassium in
all experimental groups on Day 10. Group B (cisplatin only) showed a significant electrolyte imbalance,
characterized by hyperkalemia (elevated potassium) and hyponatremia (low sodium). Treatment with Cucurbita
maxima seed extract, especially at 600 mg/kg (Group D), helped restore electrolyte levels towards normal. Data

are presented as mean * standard error (SE). (n=10).

Albumin Levels Over time
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Figure 3. Temporal Changes in Serum Albumin. Line graph illustrates serum albumin levels across all groups
at Day 0, Day 5, and Day 10. The negative control (Group A) maintained stable albumin levels, while the cisplatin
group (Group B) showed a progressive and significant decline. Groups treated with the pumpkin seed extract
(C and D) were protected against this cisplatin-induced hypoproteinemia. Data are presented as mean + standard
error (SE). (n=10).

Histopathological Findings

Kidney sections from the negative control group (A) showed normal renal histoarchitecture. In
contrast, the cisplatin-only group (B) exhibited severe tubular necrosis, leukocytic infiltration, and
glomerular shrinkage. Group C (300 mg/kg extract) showed moderate protection with reduced
damage. Group D (600 mg/kg extract) demonstrated marked preservation of renal structure, with
minimal leukocytic infiltration and near-normal appearance of glomeruli and tubules (Figure 4).

Histological examination showed normal glomeruli with the control group whereas in the group
that given Cisplatin only showed abnormal glomeruli and leucocytic infiltration and tubular
degeneration, It seems that cisplatin can induce many quantitative and qualitative changes in
proximal and distal convoluted tubules of nephron in rats. With the group that given 600 mg/kg BW
it was found that the leucocytic infiltration Was less when compared to the group that received only
cisplatin.
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Figure 4. Representative photomicrographs of kidney sections from experimental groups (H&E stain). Group
A - Negative Control: Photomicrograph showing normal renal histoarchitecture. Key structures are clearly
visible: glomerulus (G), proximal convoluted tubules (PCT), and distal convoluted tubules (DCT), with intact
epithelial linings and no signs of pathology. Group B - Cisplatin Control: Section from a rat treated with
cisplatin alone, demonstrating severe nephrotoxic damage. Hallmark features include tubular necrosis (TN) in
the proximal convoluted tubules, an abnormal glomerulus (G) with shrinkage, and significant leukocytic
infiltration (LI), indicating intense inflammation and cellular injury. Group C - Cisplatin + 300 mg/kg Extract:
Kidney section from a rat treated with cisplatin and the lower dose of pumpkin seed extract. The renal
architecture shows moderate protection, with less severe tubular damage and reduced leukocytic infiltration
compared to Panel B, though some pathological changes persist. Group D - Cisplatin + 600 mg/kg Extract:
Section from a rat treated with cisplatin and the higher dose of pumpkin seed extract. This image demonstrates
a marked preservation of renal structure, with minimal leukocytic infiltration and near-normal appearance of
the glomerulus (G), proximal (PCT), and distal (DCT) convoluted tubules, underscoring the dose-dependent

renoprotective effect of the extract.

Discussion

This study demonstrates that the methanolic extract of Cucurbita maxima seeds provides
substantial protection against cisplatin-induced nephrotoxicity, an effect principally attributed to its
strong antioxidant properties. This finding is particularly relevant given the increasing concern about
pharmaceutical pollutants in the environment and the search for natural compounds to mitigate their
toxic effects.

The phytochemical profile and high DPPH radical scavenging activity (92%) provide a clear
rationale for the observed renoprotection. The abundant flavonoids and phenolic compounds are
known to neutralize free radicals and chelate metal ions, thereby mitigating the oxidative stress that
is a well-established primary pathway of cisplatin nephrotoxicity [8,9].

As expected, cisplatin administration in the positive control group induced a classic pattern of
acute kidney injury, evidenced by elevated serum urea and creatinine, decreased total protein and
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albumin, and significant electrolyte imbalance. The histopathological evidence—showing tubular
necrosis and leukocytic infiltration — corroborated the biochemical findings. Co-administration of the
pumpkin seed extract, particularly at 600 mg/kg, significantly counteracted these dysfunctions. The
dose-dependent restoration of renal function markers and the correction of electrolyte profiles
indicate a preservation of glomerular filtration and tubular reabsorption functions.

The histology results offer direct visual confirmation of this protective effect. The reduction in
leukocytic infiltration and the maintained integrity of glomeruli and tubules in the high-dose
treatment group align perfectly with the biochemical data. This suggests that the antioxidant
components in the extract alleviate intracellular oxidative stress in renal tissues, preventing cell death
and the ensuing inflammatory response [24].

In conclusion, our findings establish Cucurbita maxima seed extract as a promising source of
nephroprotective agents against cisplatin-induced damage. While this study used a biomedical
model, its implications extend to ecotoxicology, highlighting the potential of plant-derived
compounds to counteract the adverse effects of persistent pharmaceutical contaminants. Future
research should focus on isolating the specific active constituents and elucidating their precise
molecular mechanisms of action.

Conclusions

The methanolic extract of Cucurbita maxima seeds exhibits a significant protective effect against
cisplatin-induced nephrotoxicity in rats. This renoprotection is mediated through the extract’s potent
antioxidant properties, which are attributed to its rich content of phenolic compounds and
flavonoids.
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