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Abstract  :

This experiment was designed to demonstrate the therapeutic and preventive 
efficacy of pumpkin seed extract against gentamicin-induced hepatotoxicity. A total 
of 40 adult male Sprague-Dawley albino rats were used in the study, which were 
divided into five groups, each containing 8 rats: Group 1 (Control Group), Group 
2 (Gentamicin Group), Group 3 (Pumpkin Group), Group 4 (Therapeutic Group), 
and Group 5 (Preventive Group). The results showed an increase in liver enzymes 
AST and ALT, Malondialdehyde as a marker of lipid peroxidation, and tumor ne-
crosis factor-alpha, along with a decrease in the antioxidant glutathione in the gen-
tamicin group. In contrast, the groups treated with the alcoholic extract of pumpkin 
seeds exhibited improvements in these parameters, returning to normal levels. This 
indicates that pumpkin seed extract plays a positive role in improving the histolog-
ical structure of the liver and has a protective and therapeutic role in mitigating the 
toxic effects of gentamicin on liver cells in laboratory animals.
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تقييم فعالية مستخلص بذور اليقطين ضد السمية الكبدية 
الناتجة عن علاج  الجرذان المختبرية بالجنتاميسين.

مريــم صابــر مطــر      ،      لــؤي حاتــم علــي 
مستخلص:

صُممــت هــذه التجربــة لإثبــات التأثــرات العلاجيــة والوقائيــة لمســتخلص بــذور اليقطــن ضــد الســمية الكبديــة 
 Males Albino Rats الناتجــة عــن الجنتاميســن . اســتعملت في الدراســة 40 حيوانــا بالغــاً مــن ذكــور الجــرذان البيــض
نــوع Sprague Dawley ، تــم تقســيم الحيوانــات الى خمــس مجاميــع تضــم كل مجموعــة 8 جــرذان ،المجموعــة الاولى 
)مجموعــة الســيطرة( المجموعــة الثانيــة )مجموعــة  الجنتاميســن Gentamicin( المجموعــة الثالثــة )مجموعــة اليقطــن(،  
ــوي  ــاع معن ــول ارتف ــج حص ــرت النتائ ــث اظه ــة(، حي ــة )الوقائي ــة الخامس ــة(، المجموع ــة )العلاجي ــة الرابع المجموع
ــد Malondialdehyde  وعامــل النخــر  ــر وكســدة الدهــون المالوندالديهاي ــد AST,ALT ومــؤشر ب ــات الكب في انزي
ــة  ــدة Glutathione  في مجموع ــاد الاكس ــاض في مض ــا Tumor Necrosis Factor Alpha  وانخف ــوع الف ــي ن الورم
الجنتاميســن , بينــا اظهــرت النتائــج في المجاميــع المجرعــة بالمســتخلص الكحــولي لبــذور اليقطــن حصــول تحســن في 
هــذه المعايــر  وعودتهــا لمســتوياتها الطبيعيــة اذ لعــب مســتخلص بــذور اليقطــن دورًا إيجابيًــا في تحســن البنيــة النســيجية 
للكبــد وان لــه دور وقائــي وعلاجــي في تثبيــط الآثــار الســامة للجنتاميســن في أنســجة الكبــد لــدى حيوانــات المختــر.

الكلمات المفتاحية: سمية كبدية ، جنتاميسين ، مضادات اكسدة ، انزيمات كبد.
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Introduction  
Gentamicin (GNT) stands out as a 

pivotal member of the aminoglycoside 
class, widely utilized in clinical settings 
to combat life-threatening Gram-nega-
tive bacterial infections. However, de-
spite its therapeutic advantages, there 
is mounting evidence highlighting 
GNT’s hepatotoxicity, which poses a 
significant concern for its continued 
clinical application. Research indicates 
that oxidative stress and inflammation 
are the primary contributors to liver 
toxicity associated with GNT treat-
ment (Ali et al., 2020).

Scientists are increasingly recog-
nizing the significance of medicinal 
plants and the consumption of natural 
foods in the management and control 
of various health disorders. Numerous 
natural compounds exhibit antioxidant 
properties, functioning effectively as 
free radical scavengers. In compari-
son to synthetic antioxidants like bu-
tylated hydroxytoluene and butylated 
hydroxyanisole, natural source com-
pounds demonstrate lower toxicity 
and reduced side effects (Gulcin et al., 
2020). Notably, pumpkin, a member of 

the gourd family, is acknowledged as 
a valuable natural source of proteins, 
fiber, tocopherols, and phytosterols, 
along with essential minerals such as 
zinc, selenium, magnesium, potassi-
um, and phosphorus.

Due to their rich antioxidant proper-
ties, pumpkin seeds present significant 
potential as both functional food and 
medicinal applications. The secondary 
metabolites they contain, including es-
sential fatty acids (omega 3, 6, and 9) 
unsaturated fatty acids, phytosterols, 
carotenoids, and vitamins E and A, are 
present in high concentrations within 
these seeds and are instrumental in dis-
ease prevention.

The antioxidant properties of pump-
kin seeds have demonstrated significant 
efficacy in lowering blood pressure, 
enhancing fertility, and mitigating the 
risk of atherosclerosis, alongside their 
primary function in fat metabolism 
within organs such as the liver. The 
underlying mechanisms for these ben-
eficial effects are attributed to the anti-
oxidant activity of pumpkin seeds and 
their capacity to neutralize free radi-
cals (Ahmed et al., 2019). Our current 
study aims to assess the effectiveness 
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of pumpkin seed extract in countering 
gentamicin-induced hepatotoxicity in 
laboratory animals.

Materials and Methods  
Animals and Experimental Proto-

col:  
This study utilized male Wistar 

rats, with weights ranging from 260 to 
310 grams and aged between 10 to 12 
weeks. The subjects were maintained 
on a standard diet and had access to 
water. The experimental protocol re-
ceived approval from both the animal 
house of the Department of Biology 
at the College of Education for Pure 
Sciences and the Animal Ethics Com-
mittee at Al-Anbar University. The rats 
were randomly assigned to five distinct 
groups: the first group served as the 
control group, receiving distilled water 
(5 ml/kg); the second group was ad-
ministered pumpkin seed extract (500 
mg/kg) (Alazragi et al.,2019); the third 
group received intraperitoneal injec-
tions of gentamicin (80 mg/kg) (Altho-
baiti et al.,2024); the fourth group was 
treated with gentamicin(80 mg/kg) for 
12 days alongside pumpkin seed(500 
mg/kg)  extract, thus classified as the 

treatment group; and the fifth group 
was given both pumpkin seed (500 mg/
kg) extract and gentamicin(80 mg/kg), 
designated as the preventive group. The 
duration of the experiment spanned 12 
weeks.

Blood Collection  
The research team executed the col-

lection of blood samples from all rats 
through cardiac puncture utilizing sin-
gle-use syringes. Following the acqui-
sition of the blood samples in test tubes 
devoid of anticoagulants, the samples 
were permitted to clot prior to the ini-
tiation of biochemical testing. Serum 
extraction from the clotted blood sam-
ples was efficiently performed within 
a 10-minute timeframe using a centri-
fuge set at 3,000 RPM. The biochem-
ical markers were subsequently ana-
lyzed using the serum, which had been 
preserved at a frozen temperature of 
-20 degrees Celsius.

Biochemical Analysis  
Measurement of ALT and AST En-

zyme Levels: Serum levels of ALT and 
AST enzymes were quantified utilizing 
commercially available test kits from 
the Spanish firm Linear, adhering to 
the methodology established by Reit-
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man and Frankel (1957).  
Measurement of Lipid Peroxide in 

Serum (MDA): MDA levels were as-
sessed as a biomarker for lipid perox-
ides through the Thiobarbituric Acid 
(TBA) assay, as described by Ohkawa 
et al. (1979). Spectrophotometric anal-
ysis was performed at a wavelength of 
532 nanometers to accurately measure 
absorbance.

Measurement of Glutathione (GSH) 
Enzyme in Serum: The evaluation of 
GSH activities in serum was conduct-
ed in accordance with the methodology 
established by Drug (2002).

Assessment of Pro-inflammatory 
Cytokines Tumor Necrosis Factor Al-
pha (TNF-α): Serum samples obtained 
from rats were utilized to measure the 
levels of pro-inflammatory cytokines, 
specifically Tumor Necrosis Factor 
Alpha (TNF-α). This assessment was 
performed using specialized ELISA 
kits (BTLAB, China), which included 
pre-coated microplates with specific 
antibodies. All reagents, samples, and 
calibration standards were meticu-
lously prepared following the standard 
operating procedures outlined by the 
manufacturers.

OriginThe companyTest kit name
SpainLinearEnzyme estimation kit Alanine Aminotransaminase )ALT(  1
SpainLinearEnzyme estimation kit Aspartate Aminotransferase  )AST(  2
ChinaBT LABGlutathione )GSH(3
ChinaBT LABMalondialdehyde Assay Kit )MDA(4
ChinaBT LABTumor necrosis factor TNF-a5

Pathological Tissue Examinations  
Liver tissue samples from the rats 

were preserved in a 10% formalin 
solution. Following preservation, the 
samples underwent a series of fluid 
concentration steps, were subsequently 
cleaned with xylene and paraffin, and 

were then sectioned to a thickness of 
5 µm. The researchers meticulously 
prepared the tissue samples by cutting 
them to 5 µm and staining them with 
hematoxylin prior to microscopic ex-
amination (Bancroft et al.,  2013).
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Statistical Analysis  
Data were presented as mean ± 

standard error of the mean (SEM) uti-
lizing the Statistical Package for the 
Social Sciences (SPSS, version 20). A 
one-way analysis of variance (ANO-
VA) was conducted, complemented 
by Tukey’s test for further analysis. A 
statistical significance threshold of P ≤ 
0.05 was established to identify differ-
ences between groups.

Results 
The data presented figure 1 and 

2 demonstrate a notable elevation in 

liver enzyme levels among animals 
administered gentamicin. Specifical-
ly, the concentration of AST reached 
(54.05±3.912) IU/L, while ALT levels 
were recorded at (3.098±61.14) IU/L. 
Conversely, a reduction in these en-
zyme concentrations was noted in the 
fourth and fifth treatment groups. The 
fourth group exhibited AST levels of 
(2.982±33.52) IU/L and ALT levels of 
(50.82±2.558) IU/L, whereas the fifth 
group showed AST at (3.066±29.42) 
IU/L and ALT at (36.47±3.571) IU/L, 
both in comparison to the gentamicin 
group. 

Figure (1) Effect of pumpkin seeds (500 mg/kg)extract on the concentration of AST 
enzyme in the blood serum of male albino rats treated with gentamicin(80 mg/kg) .
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Furthermore, a significant decline 
in GSH levels was observed, measur-
ing (±2.857±23.21) mg/L, alongside a 
marked increase in MDA levels, which 
were recorded at (11.96±0.925) nmol/
ml relative to the control group.

In the fourth and fifth groups, the 
administration of pumpkin seed ex-

Figure (2) Effect of pumpkin seeds(500 mg/kg) extract on the concentration of 
ALT enzyme in the blood serum of male albino rats treated with Gentamicin(80 
mg/kg).

 The number of experimental animals was 8.
 Different letters indicate a significant difference at a significance level of (P≤0.05) 
between groups.
 Same letters indicate no significant difference at a significance level of (P≤0.05) 
between groups.

tract alongside gentamicin resulted in 
the normalization of lipid peroxidation 
levels (MDA) and glutathione (GSH) 
when compared to the gentamicin-only 
treatment group (figure 3 and 4).
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Figure (3) The effect of pumpkin seeds(500 mg/kg) on the concentration of glutathi-
one (GSH) in the blood serum of male albino rats treated with gentamicin(80 mg/kg).

Figure (4) Effect of pumpkin seeds (500 mg/kg)extract on the concentration of Malondi-
aldehyde (MDA) in the blood serum of male albino rats treated with gentamicin(80 mg/kg).

 The number of experimental animals was 8.
 Different letters indicate a significant difference at a significance level of (P≤0.05) 
between groups.
 Same letters indicate no significant difference at a significance level of (P≤0.05) 
between groups.
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Figure 5 showed noteworthy in-
crease in TNF-α levels, recorded at 
(2.018 ± 31.07) ng/ml. Conversely, 
both the preventive and therapeutic 

groups demonstrated a statistically 
significant reduction in TNF-α levels, 
achieving a probability level of (P ≤ 
0.05). 

Figure (5) Effect of pumpkin seeds (500 mg/kg)extract on TNF-α concentration in 
the blood serum of male albino rats treated with gentamicin(80 mg/kg).

 The number of experimental animals was 8.
 Different letters indicate a significant difference at a significance level of (P≤0.05) 
between groups.
 Same letters indicate no significant difference at a significance level of (P≤0.05) 
between groups.

Histological Changes in the Liver
Normal liver tissue was observed 

in the histological Figure (6), which 
showed hepatocytes arranged radially 
around the central vein (CV), a branch 
of the hepatic portal vein. The normal 
geometric structure of hepatocytes 
(HC) was observed, as they appeared 
in a hexagonal radial arrangement 

around the central vein and contained 
clear centrally located nuclei with the 
presence of blood sinuses (S) between 
the hepatocytes, in which Kupffer cells 
(KC) were present. As for the group 
treated with the alcoholic extract of 
pumpkin seeds, it did not show any 
histological changes compared to the 
control group, Figure(7).
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Figure (6) A cross-section of a Normal liver tissue,, highlighting the central vein 
(C.V.) encircled by strips of hepatocytes (HC) and sinusoids (S). Notably, Kupffer 
cells (KC) are observed within the sinusoids, stained using hematoxylin and eosin, 
with a magnification power of 400X.

 Figure (7) A cross-section of the liver from the group treated with pumpkin seed 
extract. Notably, the central vein (C.V.) is prominently featured, surrounded by orga-
nized strips of hepatocytes (H.C.) and sinusoids (S). Within these structures, Kupffer 
cells (K.C.) are observed. This analysis utilizes hematoxylin and eosin staining, with 
a magnification power of 400X.
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While the results of microscopic ex-
amination of the rat liver treated with 
gentamicin showed the occurrence of 
clear and strong histological changes 
represented by the occurrence of se-
vere congestion (CON) in the central 
vein with the occurrence of necrosis 
(N) in the hepatic cells as well as hy-

aline degeneration (D) in some cells, 
expansion of the hepatic sinusoids with 
infiltration of inflammatory cells (IL), 
deposition of cellular debris, and the 
appearance of vacuolated hepatic cells 
(V) and the occurrence of hemorrhage 
(H) in the hepatic tissue, as shown in 
Figure 8 and 9.

Figure (8) A cross-section of the liver from the group treated with gentami-
cin. The findings indicate notable blood congestion (CON) within the central vein, 
vascular wall thickening (TW), hyperplasia (HP), accumulation of cellular debris 
(CD), and evidence of inflammatory infiltration (LI). This analysis was conducted 
using hematoxylin and eosin staining at a magnification of 400X.
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When treated with the alcoholic ex-
tract of pumpkin seeds and then with 
gentamicin (the preventive group), the 
normal geometric structure of the liver 
was observed in some tissue sections, 
as the hepatocytes appeared arranged 

radially around the central vein with a 
slight expansion in the liver sinusoids. 
Cytoplasmic vacuolization (V) was 
also observed for a number of cells, as 
shown in Figure (10). 

Figure (9) 
A cross-section of the 

liver of the gentamicin 
group showing irreg-
ular hepatocytes HC 
with severe degener-
ation D of the cells, 
with dilated blood 

sinusoids S (hematox-
ylin and eosin stain. 
Magnification power 

400X). 

Figure (10) 
A cross-section of the liver 
of the preventive group, 
pumpkin seed extract + 
gentamicin, showing the 
regularity of the hepato-
cytes HC in the form of 

cords around the central 
vein CV, degeneration of 
some D cells, and slight 

congestion CON (hematox-
ylin and eosin stain. Mag-
nification power 400 (X).
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When treated with gentamicin 
and then with the alcoholic extract of 
pumpkin seeds (therapeutic group), we 
observed slight necrosis of some he-
patocytes (N) with slight hemorrhage 
and the presence of the normal radial 
arrangement around the central vein 
and a slight expansion in the sinusoids, 
in addition to the presence of scattered 

inflammatory cells in the liver tissue. 
While in other sections, the return of 
the normal tissue arrangement was 
shown and the presence of degenera-
tion (D) for a small number of hepato-
cytes, with the presence of slight con-
gestion and an increase in mitosis for 
some hepatocytes, as shown in Figure 
(11). 

Figure (11) A cross-section of the liver of the gentamicin + pumpkin seed ex-
tract treatment group, showing the organization of hepatocytes (HC) in the form 
of cords around the central vein (CV), degeneration of some D cells, severe con-
gestion (CON), and inflammatory infiltration (LI) (hematoxylin and eosin stain. 
Magnification power 400X).
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Discussion
Certain medications are known to 

induce oxidative stress through the 
generation of reactive radicals, which 
compromise antioxidant defenses and 
engage directly with biomolecules. 
Additionally, some of these medica-
tions have been associated with hepatic 
toxicity (Ramachandran et al., 2021). 
Research indicates that these drugs 
may disrupt critical signaling path-
ways and enhance cell permeability by 
altering membrane phospholipids. In 
a study involving rats, administration 
of gentamicin at a daily dosage of 80 
mg/kg over a 12-day period resulted 
in hepatic toxicity, evidenced by dam-
age to liver cells due to cell membrane 
breakdown, which subsequently led 
to the release of vital liver enzymes 
into the bloodstream. The findings re-
vealed a notable increase in serum 
levels of AST and ALT، The markers 
identified are indicative of liver injury 
(Rusyn et al., 2021). Administration of 
gentamicin has been shown to elevate 
the production of free radicals within 
the mitochondria, which subsequently 
compromise the integrity of liver cell 

membranes, resulting in cellular dam-
age and necrosis. This process facil-
itates the release of specific enzymes 
into the bloodstream, causing their 
levels to rise above the normal physio-
logical range (Talaat et al., 2025). The 
heightened oxidative stress, stemming 
from the accumulation of free radicals 
that target both cell and mitochondri-
al membranes, leads to the formation 
of lipid peroxides within these mem-
branes, further exacerbating liver cell 
degradation. Consequently, this im-
pairs venous flow in the hepatic vein or 
inferior vena cava, which can result in 
the exacerbation of sinus inflammation 
and the development of inflammatory 
regions (Engwa et al., 2022). The find-
ings of this study are consistent with 
previous research involving a rat model 
of gentamicin-induced hepatotoxicity 
over a 7-day period. This earlier study 
demonstrated a significant increase in 
serum levels of AST and ALT, along-
side indicators of membrane lipid per-
oxidation, mitochondrial dysfunction, 
and damage. Additionally, it highlight-
ed an escalation in oxidative and ni-
trosative stress, ultimately leading to 
the destruction of liver cells via pro-
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grammed cell death or necrosis (Bul-
boaca et al., 2022).

The fourth therapeutic group and 
the fifth preventive group that received 
the alcoholic extract of pumpkin seeds 
demonstrated significant reductions in 
AST and ALT levels. These findings 
align with the research conducted by 
Al Malki et al. (2025). Furthermore, 
the results revealed a decrease in glu-
tathione levels, a crucial endogenous 
antioxidant that plays a vital role in 
neutralizing oxidants, including phar-
maceuticals and carcinogenic agents. A 
reduction in glutathione levels within 
the body can result in heightened vul-
nerability of tissues to oxidative stress, 
as noted by Jiang et al. (2023).

The administration of gentamicin 
has been shown to induce oxidative 
stress, which subsequently decreases 
antioxidant activity while increasing 
levels of hydrogen peroxide and super-
oxide anions within biological systems. 
This process facilitates the forma-
tion of free hydroxyl radicals, there-
by promoting lipid peroxidation and 
the accumulation of Malondialdehyde 
(MDA) across various bodily fluids 
and tissues. These findings align with 

the research conducted by Talaat et al. 
(2025). Notably, the heightened MDA 
levels observed in gentamicin-treated 
subjects contribute to the depletion of 
antioxidant defense mechanisms, re-
sulting in tissue damage and further 
exacerbating lipid peroxidation, which 
poses significant risks to cellular mem-
brane integrity (Lee et al., 2024).

The observed elevation of tumor 
necrosis factor (TNF-α) in the second 
group administered gentamicin sug-
gests that this antibiotic has effectively 
stimulated the immune response. This 
interaction may facilitate the secretion 
of interleukins from inflammatory and 
immune cells, alongside the activation 
of nuclear factor kappa B (NF-κB) and 
the subsequent release of pro-inflam-
matory cytokines. These interleukins 
are crucial in modulating cellular in-
flammation, enhancing cellular stimu-
lation, and orchestrating the immune 
response (Karimi et al., 2020).

The observed increase in levels may 
suggest the presence of inflammation 
within the body as a result of toxicity. 
Notable tissue alterations were identi-
fied in the cohort of animals adminis-
tered gentamicin, characterized by 
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hepatocyte hypertrophy and the emer-
gence of cells in advanced stages of 
programmed cell death, alongside the 
detachment of certain endothelial cells. 
Additionally, there was a significant in-
flammatory infiltration of white blood 
cells surrounding the central vein, as 
well as cytoplasmic vacuolation in sev-
eral hepatocytes. These findings align 
with a study indicating that an intraper-
itoneal injection of 100 mg/kg resulted 
in hepatic toxicity and elevated serum 
interleukin levels (Abo-Elmaaty et al., 
2023).

An enhancement was noted in the 
fourth and fifth groups administered 
pumpkin seed extract. The findings 
suggest that pumpkin seeds may serve 
as a significant dietary component 
that could aid in the prevention of in-
flammation associated with conditions 
stemming from excessive oxidative 
stress, including liver toxicity. This 
beneficial effect is attributed to the 
presence of unsaturated fatty acids, 
such as oleic and linoleic acids, along 
with essential minerals, polyphenols, 
tocopherols, carotenoids, and squalene 
found in pumpkin seeds.

The findings indicate a confirmed 

association with overall health bene-
fits, particularly in enhancing antiox-
idant levels and mitigating oxidative 
stress (Hussain et al., 2022). Histolog-
ical analysis revealed that the majority 
of tissue cells exhibited normal mor-
phology, characterized by large spher-
ical nuclei. Notably, slight hyperplasia 
was observed in the covering cells of 
the blood sinusoids, alongside mild 
congestion in the central vein, which 
was surrounded by multiple cells. The 
significant improvement in liver tissue 
is attributed to the therapeutic effects 
of pumpkin seed extract, owing to its 
rich content of active compounds with 
antioxidant properties.

The findings presented are in align-
ment with a recent study that sub-
stantiates the presence of phenolic 
compounds, flavonoids, and potent an-
tioxidants in pumpkin seeds. Notably, 
the administration of pumpkin seed 
oil in conjunction with sodium nitrate 
resulted in a significant reduction of 
liver damage, while effectively main-
taining blood parameters, biochemi-
cal markers, and oxidative stress lev-
els within physiological ranges in rat 
models (Rouag et al., 2020). Further-
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more, these outcomes are corroborated 
by an additional study indicating that 
pumpkin seed oil positively influences 
specific biochemical and histopatho-
logical alterations induced by carbon 
tetrachloride (Atasever et al., 2020).

Conclusion  
This study underscores the therapeu-

tic and preventive properties of pump-
kin seeds in mitigating liver toxicity in-
duced by gentamicin, showcasing their 
potential as effective antioxidant and 
anti-inflammatory agents. The findings 
add to the expanding body of evidence 
regarding the health benefits of pump-
kin seeds in the management of liver 
disorders linked to oxidative stress and 
inflammation. Continued investigation 
into the clinical applications of pump-
kin seeds may facilitate their integra-
tion into therapeutic strategies aimed at 
addressing chemical toxicity and asso-
ciated health conditions.
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