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Plain English Summary

This study investigated whether pumpkin seed extract can protect the kidneys from damage caused by
gentamicin, a powerful antibiotic known to harm kidney function. Forty rats were divided into five groups,
receiving different combinations of pumpkin seed extract and gentamicin. Rats that got gentamicin alone
showed kidney damage, with high levels of waste products (urea and creatinine), oxidative stress, and
inflammation. Those treated with pumpkin seed extract, either before or after gentamicin, had much
healthier kidney function and tissue. The extract significantly reduced oxidative damage and boosted the
body’s natural antioxidants. Microscopic examination confirmed that kidney tissues were better preserved
in treated rats. The results suggest that pumpkin seed extract, rich in antioxidants, can both prevent and
repair drug-related kidney damage. The researchers recommend further studies to explore optimal doses
and potential human applications.

Introduction complication by damage to renal function either
Nephrotoxicity represents a significant medication acutely or chronically, and both factors depend on
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drug dosage levels and therapeutic period (1).
Acute or chronic renal deterioration through toxic
metabolite accumulation happens due to agents
and drugs in the condition known as nephrotoxicity
(2). The drug-induced origin of nephrotoxicity
amounts to 20% but grows substantially in older
patients because of their longer lifespan and
multiple medication use (3). Medical professionals
use gentamicin as GENT because it serves as an
antibiotic that kills Gram-negative bacteria
effectively while treating severe infections (4). The
clinical use of gentamicin is limited due to its
nephrotoxic potential (5, 6). Reactive oxygen
species production in renal tissue is considered the
main cause of gentamicin's toxic effects, since it is
the most used drug in this antibiotic group (7). ROS
triggers vascular muscle cells to constrict and
simultaneously decreases the rate at which the
kidneys filter blood (GFR) (8). Lipid peroxidation,
together with protein modification, results in cellular
injury and necrosis when ROS attacks cells (9).
The urinary system excretes most of the
administered intravenous gentamicin into urine
streams, yet some of the administered injection
reaches the kidney cortex areas to damage cells
there (4).

Alternative healthcare options use herbal drugs
that deliver effective and secure treatment methods
(10). Similar healing processes occur in various
liver diseases due to this treatment method (11).
Herbal drugs include numerous antioxidants that
aid in safeguarding the human body from
dangerous free radicals (12). Pumpkins, under the
scientific name cucurbita pepo L., belong to the
genus Cucurbita and the Cucurbitaceae family as
gourd squashes (13). The plant has various
applications across numerous medical treatment
areas (14). Unsaturated fatty acids make up the
pumpkin seed, the content being linoleic acid,
palmitic acid, stearic acid and oleic acid, standing
as the main component, while phytosterols join
carotenoids, vitamin A and vitamin E as
antioxidants (15). Pumpkins also carry proteins
together with trace elements, which include zinc,
selenium, sodium, calcium, magnesium, potassium
and phosphorus (16). These seeds contain
phenols and polysaccharides along with
triterpenes and possess flavonoids and saponins in
addition to sterols and phytosterols, together with
tocomonoenols (17). Pumpkin seeds demonstrate
therapeutic effects against diabetes, cancer and
hypertension, and they also mitigate skin injuries,
protect the eyes by minimising cataract
development, decelerate ageing effects and halt
tumour enlargement based on research findings
(18). Antioxidant properties, together with

antibacterial and anti-inflammatory  effects,
characterise pumpkin seeds (19). The lipid
components of pumpkins help lower bladder and
urethral pressure as well as prevent and treat
prostate cancer, according to scientific studies
(20). The main purpose of this research was to
evaluate how pumpkin seed extract might shield
the kidneys and counteract the harmful effects of
gentamicin-induced Nephrotoxicity.

Pumpkin seed extract is abundant in bioactive
compounds such as flavonoids, phenolic acids,
vitamin E, and unsaturated fatty acids. These
substances are renowned for their potent
antioxidant effects, primarily through neutralising
reactive oxygen species and boosting the activity
of the body's antioxidant enzymes. Such
phytochemicals have demonstrated the ability to
reduce oxidative stress and inflammation, two
central processes involved in drug-induced kidney
damage, which positions pumpkin seed extract as
a compelling candidate for renal protection.
Although there is increasing evidence supporting
the overall health benefits of pumpkin seed extract,
its specific potential to safeguard against
gentamicin-induced  kidney injury  remains
insufficiently explored. To address this gap, our
study aims to assess both the therapeutic and
prophylactic effects of pumpkin seed extract in a rat
model of gentamicin-related nephrotoxicity. We
hypothesise that, owing to its rich antioxidant
content, pumpkin seed extract could potentially
mitigate renal impairment and oxidative stress
caused by gentamicin administration.

Material and methods

Sample

The sample size (n = 8 per group) was determined
based on previous similar studies that achieved
statistically significant differences using
comparable group sizes. Male Wistar rats aged
10-12 weeks and weighing between 260 and 310
g were selected to ensure physiological maturity
and homogeneity in metabolic response.
Preparation of pumpkin seed extract

The process involving the harvesting of pumpkin
seeds followed the maceration technique detailed
by Siddig (21) in his work. Two grams of pumpkin
seed powder were macerated in 70% ethanol (1:10
w/v), and the solution was stirred and allowed to sit
for 24 hours at room temperature (~25°C) with
continuous stirring at 150 rpm. The extract was
then filtered and concentrated under reduced
pressure using a rotary evaporator. Although
phytochemical standardisation (e.g., HPLC
fingerprinting or total phenolic content) was not
performed in this study, future studies will aim to
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incorporate quantitative analysis of the active
constituents for consistency across batches.

Animals and Experimental Protocol

Research involved male Wistar rats of 10-12 weeks
old weighing from 260g to 310g, which were
maintained on a standard diet with ad libitum water.
The Animal House of the Biology Department at the
College of Education for Pure Sciences, Animal
Ethical Committee of Anbar University, provided
the approval for experimental deployment. Rats
were randomly assigned to five groups. The first
group was given normal saline solution (3 ml/kg)
and was considered a control group, the second
group was given pumpkin seed extract (500
mg/kg), the third group: was injected
intraperitoneally with gentamicin (80 mg/kg), the
fourth group was injected with gentamicin for 12
weeks + was given pumpkin seed extract and was
considered a therapeutic group, and the last group,
the fifth was given pumpkin seed extract +
gentamicin and was considered a preventive
group. The experiment lasted 12 weeks. A dose of
500 mg/kg body weight was chosen based on
previous studies that demonstrated the antioxidant
and nephroprotective potential of pumpkin seed
extract in rodent models (36).

Blood collection

We collected blood through heart puncture from all
rats by using disposable syringes. After which, test
tubes were used to collect the blood samples
without anticoagulant. It was then allowed to
coagulate before performing biochemical testing.
Serum extraction from coagulated blood samples
required 5 minutes of runtime using 3,000 rpm
centrifugation. The biochemical markers were
obtained from the serum after frozen storage at -
20°C.

Biochemical Analysis: Determination of Blood Urea
and Creatinine

Blood urea level was tested using the Enzymatic
Colourimetric Kit (Linear Chemicals, S.L., Spain)
based on Fawcett and Scott, 1960 (22) method,
while Determination of Serum Creatinine Level,
Serum creatinine level was determined using
Creatinine Colourimetric Kit (BioMérieux, Urea
France) based on Henry, 1974 (23).

Serum lipid peroxidation measurement (MDA)

The levels of MDA, as the marker of lipid
peroxidation, were measured by the thio-barbituric
acid (TBA) test (24). Spectrophotometric

measurement was done at 532 nm to determine
the absorbance.

Measuring serum- Catalase (CAT) and Glutathione
(GSH)

CAT activities of the serum were assessed
according to a previous report (25). For the
initiation of the reaction, a sample (20 uL of serum
or supernatant) was added to 2 mis of 30 mM
hydrogen peroxide (H202) in 50 mM potassium
phosphate buffer pH. The assay of GSH activity in
serum was carried out based on (26).

Determination of Serum End-1

The ELISA kit from BT laboratory, Zhejiang, China,
allowed estimation of Serum Endothelin-1 levels
following the manufacturer's guidelines to obtain
results as ng/L. The study results used ng /L as the
measurement unit.

Histopathological Examinations

The rat kidney tissue was fixed in 10% formalin
solution, then followed by liquid concentration
steps before xylene cleaning and paraffin solution
immersion, after which a 5 mm-thick tissue cutting
was performed. The researchers cut tissue
samples to 5 mm, then stained them with
haematoxylin before viewing under the microscope
(22).

Statistical analysis

The data are presented as mean + SEM using the
Statistical Package for Social Sciences version 20).
Data were tested for normality using the Shapiro-
Wilk test before applying one-way ANOVA. Tukey’s
post hoc test was used for pairwise group
comparisons. Effect sizes (Cohen’s d) were
calculated to provide a measure of the magnitude
of differences between groups alongside p-values,
with significance set at p < 0.05.

Results

The results of our current experiment, shown in
Figure (A, B), lllustrates a significant increase in the
level of both blood urea and creatinine in the serum
of the male rat injected with gentamicin (second
group) compared to the healthy control group,
while the results in the third group, which was given
pumpkin seed extract alone, were similar to the
control group. The results of the fourth group
(therapeutic) and the fifth group (preventive)
showed a significant decrease in the level of the
above two indicators compared to the second

group.
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BUN concentration(mg/di)

Figures A and B: The effect of pumpkin seed extract on urea and creatinine concentrations in rats treated
with gentamicin (The number of rats per group = 8, different capital letters indicate significant difference between the
treatment groups, while similar capital letters indicate no significant difference)

The results of this study showed a significant
increase in MDA levels and a decrease in the levels
of the antioxidants GSH and CAT in the second
group compared to the control group. The third
group did not show any negative results regarding
the above results. The results in the fourth and fifth
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groups, which were given pumpkin seed extract
before or after gentamicin, showed a significant
decrease in MDA levels and an increase in the
activity of the antioxidants GSH and CAT
compared to the second group, as shown in
Figures C and D.
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Figures C and D: The effect of pumpkin seed extract on GSH and CAT concentrations in rats treated with
gentamicin (Number of rats per group = 8, different capital letters indicate significant difference between the treatment
groups, while similar capital letters indicate no significant difference)

The results of inflammatory mediators, illustrated
by Figure (F), showed an increase in the level of
End-1 in the serum of male albino rats in the
second group, whose peritoneum was injected with
gentamicin alone, compared to the healthy control
group. The level of these two indicators was close
to the control group in the third group, while the
results for the above two indicators showed a

MDA concentration(nmoliml)

reflection in the result in the fourth and fifth groups
and a significant decrease in the level of the above
measurements after giving pumpkin seeds,
whether before or after gentamicin, compared to
the second group. It is noteworthy that the results
of the fifth preventive group were better than the
fourth therapeutic group.
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Figures E and F: The effect of pumpkin seed extract on MDA and ET-1 concentrations in rats treated with

gentamicin (Number of rats per group = 8, different capital letters indicate significant difference between the treatment
groups, while similar capital letters indicate no significant difference)
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The histological evaluation showed severe
pathological changes in the gentamicin group of
kidney tissue, represented by the presence of
glomerular degeneration (GD), inflammatory
infiltration  (LI), cellular degeneration (D),
congestion (CON), complete degeneration of some
glomeruli (GL), necrosis (N) and sloughing of the
lining of the urinary tubules (SL), as in pictures 3,
4, 5 and 6, compared with the control group. The
third group, which was given pumpkin seed extract
alone, showed a normal pattern almost similar to

the control group, as in picture 2. The fourth
preventive group showed a clear improvement in
the histological structure when compared with the
gentamicin group, with the presence of negative
effects, including simple deposition of necrotic
materials and simple inflammatory infiltration, as in
pictures 7 and 8. The fifth treatment group also
showed a normal histological pattern, except for
the presence of haemorrhage (HE), inflammatory
infiltration, cellular degeneration and simple
necrosis, as in pictures 9 and 10.

| ar = T _eray ST S
Image 1: A cross section of the kidney of a rat from the control group showing the glomerulus G, Bowman’s
space BS, Bowman’s capsule BC, and the urinary convoluted tubules CT (H and E stain, 400X)

Image 2: A cross section of rat kidney in t'ﬁe"pl.jfnpkin‘seed group showing the glomerulus G, Bowman’s
space BS, Bowman’s capsule BC, and urinary convoluted tubules CT (H and E stain, 400X)
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Image 3: A cross section of the kidney of a rat in the gentamicin group showmg glomerular degeneration
(GD), inflammatory infiltration (LI), and degeneration of D cells (H and E stain, 400X)
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Image 4: A cross section of the kidney of a rat in the gentamicin group showing congestion (CON), severe
inflammatory infiltration (LI), and degeneration of convoluted tubule cells (DCT), H and E stain. 400X)
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Image 5: A cross section of the kidnéy of a rat in the gentamicin group showing complete degeneration of
the glomerulus (GL), inflammatory infiltration (LI), degeneration of the Bowman’s capsule (BCD), and
sloughing of the convoluted tubule lining (SL) (H and E stain. 400X)
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Image 6: A cross section of tﬁé kidney( of arat in the gén-tamicin group showing degeneration of the
glomerulus (GD), inflammatory infiltration (LI), degeneration of Bowman’s capsule (BCD), and necrosis of
some N cells (H and E stain, 400X)
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Image 7: A cross section of the kidney of a rat in the pumpkin seeds + gentamicin preventive group showing
the normal pattern of the glomerulus G, shedding of some of the lining of the convoluted tubules SL, and
simple deposition of necrotic material NM (H and E stain, 400X)
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Image 8: Cross section of kldney of a rat in the pumpkln seeds + gentamicin preventive group showing
normal glomerular pattern G, convoluted tubules CT, slight inflammatory infiltrate LI, slight degeneration of
cells D, (H and E stain, 400X)

Image 9: Cross section of the kldney of a rat W|th gentamlcm + pumpkin seeds treatment group
showing normal glomerular pattern G, haemorrhage HE, slight inflammatory infiltrate LI, degeneration of
cells D, (H and E Stain, 400X)
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Image 10: A cross section of the kldney of aratin the-gentanimm + pumpkln seeds treatment group showing
degeneration of the glomerulus (GD), necrosis of some N cells, sloughing of the lining of the convoluted
tubules (SL), inflammatory infiltration (LI), and minor haemorrhage (HE) (H and E stain, 400X)

Discussion

Infections caused by gram-negative bacteria are
frequently managed with  aminoglycoside
antibiotics, such as gentamicin. However, their use
is limited because of serious kidney-related side
effects (28). The nephrotoxicity associated with
aminoglycosides like gentamicin is well recognised
(29). Several studies have highlighted the role of
oxidative stress, which occurs due to reactive
oxygen species (ROS), in causing damage to the
kidneys (30). Additionally, these reactive oxygen
species contribute to the renal tubular necrosis and
acute renal failure triggered by gentamicin (5).
Various mechanisms, including superoxide anions

and hydroxyl radicals, lead to gentamicin's toxic
effects on the kidneys, resulting in cell damage and
cell death(8). These mechanisms can include DNA
damage, lipid peroxidation, disruption of cellular
respiration, interference with the generation of
adenosine triphosphate, inhibition of the electron
transport chain, and destabilisation of the tubular
cell membranes (5).

Recently, there has been an increased emphasis
on the use of herbs and herbal supplements for
various health issues because they have fewer
side effects (31). This study aimed to assess how
pumpkin seeds can protect the kidneys from
damage caused by gentamicin. The findings of this

162



Matar et. al., Babcock Univ. Med. J.2025 8(2):156-167

research indicate that pumpkin seeds can help
reduce inflammation in the kidney tubules,
oxidative stress, changes in tissue structure, and
issues with kidney function caused by gentamicin.
The current research showed that gentamicin
caused significant kidney damage in rats by raising
levels of blood urea and serum creatinine.
Research conducted by (7), along with (32),
indicated that the nephrotoxicity linked to
gentamicin occurs because these drugs are
absorbed by and build up in the proximal tubular
epithelial cells, leading to acute tubular necrosis
that is dependent on how much and how long the
exposure lasts. Furthermore, this accumulation
increases the production of reactive oxygen
species, which have a crucial role in kidney
damage and contribute to the main clinical signs of
nephrotoxicity, including elevated urea and plasma
creatinine levels (9, 33). explored this
nephrotoxicity and found that gentamicin resulted
in high serum creatinine levels. This increase in
creatinine is a result of gentamicin gathering in the
kidneys, causing a reduction in glomerular filtration
and, consequently, kidney failure (34). Several
studies have shown a strong connection between
oxidative stress, particularly reactive oxygen
species, and gentamicin-induced nephrotoxicity.
Gentamicin causes the mitochondria in the renal
cortex to release iron, and the complex of iron and
gentamicin boosts the formation of reactive oxygen
species (ROS) (8). An excess of ROS leads to
kidney function problems, which show as higher
levels of serum creatinine and urea (35). We also
noticed that when pumpkin seeds are given
alongside gentamicin, the serum creatinine and
urea levels are lower than in the group treated only
with gentamicin. Multiple studies have shown that
the antioxidant properties of pumpkin seeds help to
lower the increased levels of serum creatinine and
urea in rats treated with gentamicin. It is well known
that pumpkin seeds provide antioxidant benefits
either by directly eliminating free radicals or by
enhancing the activity and levels of antioxidant
enzymes (36).

The results of serum MDA analysis indicated that
the gentamicin-treated group had increased serum
MDA intensity compared to untreated control
animals. The research findings confirm our study
by revealing that gentamicin leads to decreased
activity in antioxidant enzymes (GSH and CAT) per
other reports. Gentamicin enhances ROS
production in cells alongside suppressing renal
antioxidant defenses so the drug ultimately lowers
antioxidant parameters (GSH, GPX, CAT, SOD)
and results in GST activation and MDA lipid
peroxidation. Gentamicin treatment makes rat

kidneys more vulnerable to ROS damage since the
medication induces antioxidant defence enzymes,
such as glutathione and catalase, to become
deficient (37, 38). The observed reduction in MDA
levels and restoration of antioxidant enzyme
activities (CAT, GSH) may be attributed to
flavonoids, phenolic acids, and vitamin E in
pumpkin seeds, which are known to scavenge
reactive oxygen species and inhibit lipid
peroxidation. These phytochemicals not only
enhance the antioxidant defence system but may
also modulate signalling pathways involved in
oxidative stress and inflammation. Comparable
antioxidant and nephroprotective effects have
been reported with agents like N-acetylcysteine,
which also restores glutathione levels and reduces
oxidative stress in gentamicin-induced
nephrotoxicity. However, unlike N-acetylcysteine,
pumpkin seed extract offers a natural, dietary-
based intervention with additional nutritional
benefits.

The findings indicate that treatment with pumpkin
seeds reduced lipid peroxidation and increased the
activity levels of CAT and GSH, leading to
improved urinary functions. As mentioned earlier,
oxidative stress contributes to renal damage
caused by gentamicin. This drug results in quick
alterations in the lipid makeup of membranes.
These membrane changes may stem from lipid
peroxidation triggered by free radicals (39). This
notion is backed by higher levels of MDA, an end
product of lipid peroxidation, found in the kidneys
of rats treated with gentamicin. Our observations
noted increased lipid peroxidation in the group
receiving gentamicin, aligning with earlier
research. The results also showed that levels of
CAT and GSH were lower in the rats treated with
gentamicin. Pumpkin seeds reversed these
biochemical markers of oxidative stress and
antioxidant activity (40). We believe that these
results align with the antioxidant properties of
pumpkin seeds. Moreover, other studies have
supported these findings, highlighting how
antioxidants can prevent the onset of renal failure
in laboratory animals (13).

Elevated levels of ET-1 in serum work as indicators
for identifying cardiovascular disease as well as
atherosclerosis. Endothelin-1 is produced within
the interstitial fluid layer of aorta endothelial cells
and other tissues, such as heart tissue and kidney
tissue (41, 42) established that elevated serum
levels of endothelin-1 occur due to gentamicin-
generated oxidative stress in mice, resulting in
damaged endothelia that release high
concentrations of endothelin-1 together with
macrophage and T-cell cellular infiltration as
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vascular inflammation progresses, ultimately
increasing the probability of developing kidney
failure (43). Research findings presented in this
paper show identical results. Pumpkin seeds
demonstrate their antioxidant effects because they
contain active compounds such as flavonoids and
phenols, and vitamins, resulting in tissue defence
against oxidative damage, which enhances the
reduction of inflammatory markers, including ET-1
(44).

In this study, we observed that gentamicin leads to
problems with kidney function and structure, along
with a rise in tissue MDA levels, which aligns with
findings from other research. This shows that
reactive oxygen species and lipid peroxidation play
a part in the kidney damage caused by gentamicin
(45). Typically, oxidation involves creating reactive
substances, which are caused by hydroxyl radicals
and superoxide anions produced from hydrogen
peroxide. When aminoglycosides are released
from the lysosomes of epithelial cells, reactive
oxidative species are generated (46). This release
leads to swelling in kidney cells, which disrupts
mitochondrial respiration, while gentamicin boosts
the generation of ROS within the mitochondria (47).
These oxidative agents hinder the respiratory chain
and the formation of ATP, encourage the release
of cytochrome C and other factors that trigger cell
death, cause lipid damage, harm cellular proteins
and DNA, induce contractions in mesangial cells,
and create stress in the endoplasmic reticulum
(48).

Studies have established antioxidant properties in
pumpkin seed oil because this plant contains
essential fatty acids that support cell membrane
fluidity, together with amino acids along with
phytosterols, 3-B-carotenes, phenolics, flavonoids,
and selenium. Pumpkin seed oil serves as a
powerful antioxidant since it contains vitamin E (40,
49).

The findings from this study suggest that pumpkin
seed extract holds significant translational potential
as a natural adjuvant therapy to mitigate drug-
induced nephrotoxicity, particularly in clinical
scenarios involving aminoglycoside antibiotics like
gentamicin. Given its antioxidant and anti-
inflammatory properties, the extract may
complement conventional treatment strategies to
protect renal function, especially in patients at high
risk for kidney injury. While these results are
promising, clinical trials are necessary to validate
efficacy, determine optimal dosing, and evaluate
safety in human populations.

Study limitations
This study has some limitations. First, the

pharmacokinetic profile and bioavailability of the
pumpkin seed extract were not assessed, which
limits our understanding of the precise systemic
exposure and active constituents. Second, only a
single dose (500 mg/kg) was evaluated; dose-
response relationships and potential toxicity
thresholds remain unexplored. Additionally, the
lack of extract standardisation may affect
reproducibility. Future studies should aim to
quantify active compounds, assess multiple dosing
levels, and perform detailed pharmacological
profiling.

Conclusion

The intake of 500 mg/kg body weight of pumpkin
seed ethanolic extract successfully guarded Wistar
rats from developing gentamicin-induced kidney
damage. The experimental results showed that
pumpkin seed ethanolic extract produces
protective effects on the kidneys. Further research
needs to be done to identify the compounds
present in pumpkin seed, as well as a breakdown
of the protection mechanisms involved.

Declarations

Ethics approval and consent to participate

All experimental procedures involving animals
were conducted following the ethical standards
approved by the Animal Ethical Committee of the
College of Education for Pure Sciences, University
of Anbar, Irag (No: 240, 2024/ 02/ 26). The
experimental protocol was reviewed and approved
under reference number [insert approval/reference
number if available. Efforts were made to minimise
the number of animals used and to reduce their
suffering, following international guidelines for the
care and use of laboratory animals.

Consent for Publication

All the authors gave consent for the publication of
the work under the Creative Commons Attribution
Non-Commercial 4.0 license.

Availability of Data
Data for this work is available from the authors and
may be provided upon reasonable request.

Conflicts of Interest
None.

Funding
None.

Authors’ contributions
MMS: Conceptualisation, methodology,
investigation, data collection, formal analysis, and

164



Matar et. al., Babcock Univ. Med. J.2025 8(2):156-167

writing, original draft preparation.

ALH: Supervision, validation, data interpretation,
writing, review and editing, and project
administration.

Both authors have read and approved the final
manuscript.

Acknowledgments
None

References

1. Sales GTM, Foresto RD. Drug-induced
nephrotoxicity. Rev Assoc Med Bras (1992).
2020 Jan 13;66Suppl 1(Suppl 1):s82-s90.
https://doi.org/10.1590/1806-9282.66.51.82

2. Kwiatkowska E, Domanski L, Dziedziejko V,
Kajdy A, Stefanska K, Kwiatkowski S. The
mechanism of drug nephrotoxicity and the
methods for preventing kidney damage.
International Journal of Molecular Sciences.
2021 Jun 6;22(11):6109.
https://doi.org/10.3390/iims22116109

3. Morales-Alvarez  MC.  Nephrotoxicity  of
antimicrobials and antibiotics. Advances in
Chronic Kidney Disease 2020;27(1)31 - 37.
https://doi.org/10.1053/j.ackd.2019.08.001

4. Gamaan MA, Zaky HS, Ahmed HI. Gentamicin-
induced  nephrotoxicity: A mechanistic
approach. Azhar Int J Pharm Med Sci
2023;3(2):11-19.

5. Karunarathna |, Gunasena P, Gunathilake S,
De Alvis K. Understanding gentamicin-induced
nephrotoxicity and ototoxicity: Prevention and
management.

6. Yuel, Yang YR, Ma WX, Wang HY, Fan QW,
Wang YY, Li C, Wang J, Hu ZM, Wang XF, Li
FH. Epigallocatechin gallate attenuates
gentamicin-induced nephrotoxicity by
suppressing  apoptosis and ferroptosis.
Molecules. 2022 Dec 5;27(23):8564.
https://doi.org/10.3390/molecules27238564

7. Erseckin V, Mert H, irak K, Yildirim S, Mert N.
Nephroprotective effect of ferulic acid on
gentamicin-induced nephrotoxicity in female
rats. Drug and chemical toxicology. 2022 Mar
4;45(2):663-9.
https://doi.org/10.1080/01480545.2020.175962
0

8. Bai R, Fan J, Wang Y, Wang Y, Li X, Hu F.
Protective effect of Cistanche deserticola on
gentamicin-induced nephrotoxicity in rats.
Chinese Herbal Medicines. 2023 Jan
1;15(1):102-9.
https://doi.org/10.1016/j.chmed.2022.03.008

9. Tomsa AM, Rachisan AL, Pandrea SL, Benea
A, Uifalean A, Parvu AE, Junie LM. Accelerated

lipid peroxidation in a rat model of gentamicin
nephrotoxicity. Experimental and Therapeutic
Medicine. 2021 Nov;22(5):1218.
https://doi.org/10.3892/etm.2021.10652

10.Al-Muslhi AS, Ali HL. Assessing the impact of
pomegranate juice on liver tissue in male rats
exposed to a commercial energy drink. J Glob
Innov Agric Sci. 2024;12:417-26.
https://doi.org/10.22194/JGIAS/24.1255

11.Ali LH, Rajab SH, Saleh EN. Protective role of
vitamin B6 on some histological changes in the
liver and kidneys and measure some indicators
of oxidation balance in male rats. Cellular and
Molecular Biology. 2024 Nov 27;70(11):160-5.
https://doi.org/10.14715/cmb/2024.70.11.23

12.Ali LH, Alkarbolii MM. Evaluation of the efficacy
of Cordia myxa fruit on 1SO-induced
cardiotoxicity in male albino rats. Tikrit Journal
for  Agricultural  Sciences. 2024 Dec
1;24(4):220-34.
https://doi.org/10.25130/tjas.24.4.18

13.Samec D, Loizzo MR, Gortzi O, Cankaya IT,
Tundis R, Suntar i, Shirooie S, Zengin G,
Devkota HP, Reboredo-Rodriguez P, Hassan
ST. The potential of pumpkin seed oil as a
functional food-A comprehensive review of
chemical composition, health benefits, and
safety. Comprehensive reviews in food science
and food safety. 2022 Sep;21(5):4422-46.
https://doi.org/10.1111/1541-4337.13013

14.Hu Z, Hu C, Li Y, Jiang Q, Li Q, Fang C.
Pumpkin seed oil: a comprehensive review of
extraction methods, nutritional constituents,
and health benefits. Journal of the Science of
Food and Agriculture. 2024 Jan 30;104(2):572-
82. https://doi.org/10.1002/jsfa.12952

15.Singh A, Kumar V. Phyto-chemical and
bioactive compounds of pumpkin seed oil as
affected by different extraction methods. Food
Chemistry Advances. 2023 Oct 1;2:100211.
https://doi.org/10.1016/j.focha.2023.100211

16.Pacheco AF, Pacheco FC, Cunha JS, dos
Santos FR, Pacheco JC, de Paula Correa K,
Junior WD, Paiva PH, Junior BR. Bibliometric
analysis of pumpkin seed proteins: A review of
the  multifunctional  properties of their
hydrolysates and future perspectives. Food
Bioscience. 2024 May 7:104269.
https://doi.org/10.1016/j.fbio.2024.104269

17.Gedi MA. Pumpkin seed oil components and
biological activities. In Multiple biological
activities of unconventional seed oils 2022 Jan
1 (pp- 171-184).  Academic  Press.
https://doi.org/10.1016/B978-0-12-824135-
6.00030-1

18.Syed QA, Akram M, Shukat R. Nutritional and

165



https://doi.org/10.1590/1806-9282.66.S1.82
https://doi.org/10.3390/ijms22116109
https://doi.org/10.1053/j.ackd.2019.08.001
https://doi.org/10.3390/molecules27238564
https://doi.org/10.1080/01480545.2020.1759620
https://doi.org/10.1080/01480545.2020.1759620
https://doi.org/10.1016/j.chmed.2022.03.008
https://doi.org/10.3892/etm.2021.10652
https://doi.org/10.22194/JGIAS/24.1255
https://doi.org/10.14715/cmb/2024.70.11.23
https://doi.org/10.25130/tjas.24.4.18
https://doi.org/10.1111/1541-4337.13013
https://doi.org/10.1002/jsfa.12952
https://doi.org/10.1016/j.focha.2023.100211
https://doi.org/10.1016/j.fbio.2024.104269
https://doi.org/10.1016/B978-0-12-824135-6.00030-1
https://doi.org/10.1016/B978-0-12-824135-6.00030-1

Matar et. al., Babcock Univ. Med. J.2025 8(2):156-167

therapeutic importance of the pumpkin seeds.
Seed. 2019;21(2):15798-803.
https://doi.org/10.26717/BJSTR.2019.21.0035
86

19.Shaban A, Sahu RP. Pumpkin seed oil: An
alternative medicine. International journal of
pharmacognosy and phytochemical research.
2017 Feb 25;9(2):11.
https://doi.org/10.25258/phyto.v9i2.8066

20.Vahlensieck W, Heim S, Patz B, Sahin K.
Beneficial effects of pumpkin seed soft extract
on lower urinary tract symptoms and quality of
life in men with benign prostatic hyperplasia: A
meta-analysis of two randomized, placebo-
controlled ftrials over 12 months. Clinical
Phytoscience. 2022 Apr 13;8(1):13.
https://doi.org/10.1186/s40816-022-00345-0

21.Neamah GA, Alkhfaji MA, Shaheed HS. The
antioxidant role of pumpkin (Cucurbita pepo)
seed extract against acute reproductive toxicity
by uranyl acetate in male rats. Journal of
Advanced Veterinary and Animal Research.
2023 Dec 31;10(4):647.
https://doi.org/10.5455/javar.2023.j720

22.Fawcett J, Scott J. A rapid and precise method
for the determination of urea. Journal of Clinical
Pathology. 1960 Mar 1;13(2):156-9.
https://doi.org/10.1136/jcp.13.2.156

23.Henry RJ. Clinical chemistry: principles and
technics. (No Title). 1974.

24.0Ohkawa H, Ohishi N, Yagi K. Assay for lipid
peroxides in animal tissues by thiobarbituric
acid reaction. Analytical biochemistry. 1979 Jun
1,95(2):351-8. https://doi.org/10.1016/0003-
2697(79)90738-3

25.Sinha AK. Colorimetric assay of catalase.
Analytical biochemistry. 1972 Jun 1;47(2):389-
94. https://doi.org/10.1016/0003-
2697(72)90132-7

26.Drége W. Free radicals in the physiological
control of cell function. Physiological reviews.
2002.
https://doi.org/10.1152/physrev.00018.2001

27.Bancroft JD. Histochemical techniques.
Butterworth-Heinemann; 2013 Oct 22.

28.Fryer HJ, Welsh Gl. Renal consequences of
therapeutic  interventions in  premature
neonates. Nephron. 2019 Jun 3;142(2):117-24.
https://doi.org/10.1159/000497162

29.. Le TA, Hiba T, Chaudhari D, Preston AN,
Palowsky ZR, Ahmadzadeh S, Shekoohi S,
Cornett EM, Kaye AD. Aminoglycoside-related
nephrotoxicity and ototoxicity in clinical
practice: a review of pathophysiological
mechanism and treatment options. Advances in
therapy. 2023 Apr;40(4):1357-65.

https://doi.org/10.1007/s12325-023-02436-x

30.. Gwozdzinski K, Pieniazek A, Gwozdzinski L.
Reactive oxygen species and their involvement
in red blood cell damage in chronic kidney
disease. Oxidative medicine and cellular
longevity. 2021;2021(1):6639199.
https://doi.org/10.1155/2021/6639199

31.Hassen G, Belete G, Carrera KG, Iriowen RO,
Araya H, Alemu T, Solomon N, Bam DS, Nicola
SM, Araya ME, Debele T. Clinical implications
of herbal supplements in conventional medical
practice: a US perspective. Cureus. 2022 Jul
15;14(7). https://doi.org/10.7759/cureus.26893

32.Hakyemez IN, Cevizci MN, Aksoz E, Yilmaz K,
Uysal S, Altun E. Protective effects of p-
coumaric acid against gentamicin-induced
nephrotoxicity in rats. Drug and Chemical
Toxicology. 2022 Nov 2;45(6):2825-32.
https://doi.org/10.1080/01480545.2021.199370
3

33.Dik B, Hatipoglu D, Ates MB. Potential effects
of Resatorvid and alpha lipoic acid on
gentamicin-induced nephrotoxicity in rats.
Pharmacology Research & Perspectives. 2024
Aug;12(4):e1222.
https://doi.org/10.1002/prp2.1222

34.Laorodphun P, Cherngwelling R, Panya A,
Arjinajarn P. Curcumin protects rats against
gentamicin-induced nephrotoxicity by
amelioration of oxidative stress, endoplasmic
reticulum stress and apoptosis. Pharmaceutical
Biology. 2022 Dec  31;60(1):491-500.
https://doi.org/10.1080/13880209.2022.203766
3

35.Merdana IM, Watiniasih NL, Sudira IW, Arjana
AA, Gunawan IW, Sudimartini LM, Budiasa K.
The effect of ethanolic extract of Myrmecodia
pendans on gentamicin induced nephrotoxicity
in Wistar rats.

36.Singh A, Kumar V. Pumpkin seeds as
nutraceutical and functional food ingredient for
future: A review. Grain & Oil Science and
Technology. 2024 Mar 1;7(1):12-29.
https://doi.org/10.1016/j.gaost.2023.12.002

37.Al-Amer HA, Al-Sowayan NS, Alfheeaid HA,
Althwab SA, Alrobaish SA, Hamad EM, Musa
KH, Mousa HM. Oral administration of
naringenin and a mixture of coconut water and
Arabic gum attenuate oxidative stress and lipid
peroxidation in gentamicin-induced
nephrotoxicity in rats. European Review for
Medical & Pharmacological Sciences. 2023
Nov 1;27(21).

38.. Ungur RA, Borda IM, Codea RA, Ciortea VM,
Nasui BA, Muste S, Sarpataky O, Filip M, Irsay
L, Craciun EC, Cainap S. A flavonoid-rich

166



https://doi.org/10.26717/BJSTR.2019.21.003586
https://doi.org/10.26717/BJSTR.2019.21.003586
https://doi.org/10.25258/phyto.v9i2.8066
https://doi.org/10.1186/s40816-022-00345-0
https://doi.org/10.5455/javar.2023.j720
https://doi.org/10.1136/jcp.13.2.156
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1016/0003-2697(72)90132-7
https://doi.org/10.1016/0003-2697(72)90132-7
https://doi.org/10.1152/physrev.00018.2001
https://doi.org/10.1159/000497162
https://doi.org/10.1007/s12325-023-02436-x
https://doi.org/10.1155/2021/6639199
https://doi.org/10.7759/cureus.26893
https://doi.org/10.1080/01480545.2021.1993703
https://doi.org/10.1080/01480545.2021.1993703
https://doi.org/10.1002/prp2.1222
https://doi.org/10.1080/13880209.2022.2037663
https://doi.org/10.1080/13880209.2022.2037663
https://doi.org/10.1016/j.gaost.2023.12.002

Matar et. al., Babcock Univ. Med. J.2025 8(2):156-167

extract of Sambucus nigra L. reduced lipid
peroxidation in a rat experimental model of
gentamicin nephrotoxicity. Materials. 2022 Jan
20;15(3):772.
https://doi.org/10.3390/ma15030772

39.Akomolafe SF. Effects of roasting on the
phenolic phytochemicals and antioxidant
activities of pumpkin seed. Vegetos. 2021
Sep;34(3):505-14.
https://doi.org/10.1007/s42535-021-00226-w

40.Mohammad N, Matinhomaee H, Hosseini SA.
Antioxidant effects of resistance training with
pumpkin seed extract consumption in heart
tissue of rats exposed to H202-induced
oxidative damage. Zahedan Journal of
Research in Medical Sciences. 2021 Jan
1;23(3). https://doi.org/10.5812/zjrms.100151

41.Xue C, Ma X, Guan X, Feng H, Zheng M, Yang
X. Small extracellular vesicles derived from
umbilical cord mesenchymal stem cells repair
blood-spinal cord barrier disruption after spinal
cord injury through down-regulation of
Endothelin-1 in rats. Peerd. 2023 Oct
31;11:e16311.
https://doi.org/10.7717/peerj.16311

42.Banecki KM, Dora KA. Endothelin-1 in health
and disease. International journal of molecular
sciences. 2023  Jul 10;24(14):11295.
https://doi.org/10.3390/ijms241411295

43.. Cruz-Lépez EO, Tan L, Stolk DG, van den
Bogaerdt AJ, Verdonk K, Danser AJ.
Endothelin-1-and acetylcholine-mediated
effects in human and rat vessels: impact of
perivascular  adipose  tissue, diabetes,
angiotensin I, and chemerin. Blood Pressure.
2024 Dec 31;33(1):2414072.
https://doi.org/10.1080/08037051.2024.241407
2

44 Abosrea AM, Aboul Ezz HS, Mahmoud SM,
Mousa MR, Ahmed NA. The potential role of
pumpkin seeds oil on methotrexate-induced
lung toxicity. Scientific Reports. 2023 May
5;13(1):7321. https://doi.org/10.1038/s41598-
023-34143-6

45.Gumbar S, Bhardwaj S, Mehan S, Khan Z,
Narula AS, Kalfin R, Tabrez S, Zughaibi TA,
Wasi S. Renal mitochondrial restoration by
gymnemic acid in  gentamicin-mediated
experimental nephrotoxicity: evidence from
serum, kidney and histopathological alterations.
Frontiers in  Pharmacology. 2023 Jul
13;14:1218506.
https://doi.org/10.3389/fphar.2023.1218506

46.Mohamed HZ, Shenouda MB. Amelioration of
renal cortex histological alterations by aqueous
garlic extract in gentamicin induced renal

toxicity in albino rats: a histological and
immunohistochemical study. Alexandria
Journal of Medicine. 2021;57(1):28-37.
https://doi.org/10.1080/20905068.2020.187117
9

47.Hassan DS, Rakha GM, Mousa SA, Korany R.
Evaluation of gentamicin induced nephrotoxicity
in canine: clinical, hematological, biochemical,
ultrasonographic and histopathological findings.
Exploratory Animal & Medical Research. 2022
Jun 1;12(1).
https://doi.org/10.52635/eamr/12.1.33-45

48.Khalili N, Ahmadi A, Ghodrati Azadi H, Moosavi
Z, AbedSaeedi MS, Baghshani H. Protective
effect of betaine against gentamicin-induced
renal toxicity in mice: a biochemical and
histopathological study. Comparative Clinical
Pathology. 2021 Dec;30:905-12.
https://doi.org/10.1007/s00580-021-03285-2

49.Shahein MR, Atwaa ES, Alrashdi BM, Ramadan
MF, Abd El-Sattar ES, Siam AA, Alblihed MA,
Elmahallawy EK. Effect of fermented camel milk
containing pumpkin seed milk on the oxidative
stress induced by carbon tetrachloride in
experimental rats. Fermentation. 2022 May
13;8(5):223.
https://doi.org/10.3390/fermentation8050223

167


https://doi.org/10.3390/ma15030772
https://doi.org/10.1007/s42535-021-00226-w
https://doi.org/10.5812/zjrms.100151
https://doi.org/10.7717/peerj.16311
https://doi.org/10.3390/ijms241411295
https://doi.org/10.1080/08037051.2024.2414072
https://doi.org/10.1080/08037051.2024.2414072
https://doi.org/10.1038/s41598-023-34143-6
https://doi.org/10.1038/s41598-023-34143-6
https://doi.org/10.3389/fphar.2023.1218506
https://doi.org/10.1080/20905068.2020.1871179
https://doi.org/10.1080/20905068.2020.1871179
https://doi.org/10.52635/eamr/12.1.33-45
https://doi.org/10.1007/s00580-021-03285-2
https://doi.org/10.3390/fermentation8050223

