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ARTICLE INFO ABSTRACT

Article History With the increasing prevalence of thioacetamide (TAA)-induced
Received:31/12/2024  toxicity affecting human hepatorenal organs, exploring alternative therapeutic
Accepted:4/2/2025 drugs with antioxidant properties is essential for safeguarding human health.

Available:8/2/2025 This study examined the protective effect of Pumpkin seed oil (PSO, Cucurbita
pepo) supplementation against TAA-induced toxicity on the liver, kidney, lipid

Keywords: profile, and oxidative stress in male rats. Forty adult male rats were divided
Thioacetamide, into 4 groups as following: Group | served as (the control group); Group Il
Pumpkin seed oil (TAA-exposed group); Group I (TAA-exposed group treated with PSO);
Hepatorenal ' Group IV (PSO-treated). Biochemical analysis, including glucose (GLU),

albumin (ALB), total protein (TP), total bilirubin (TBIL), cholesterol (CHOL),
triglyceride (TG), high-density lipoprotein cholesterol (HDL-c), low density
lipoprotein cholesterol (LDL-c), blood urea nitrogen (BUN), uric acid (UA),
creatinine (CR) levels were measured. Enzyme activities, including alanine
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), lactase dehydrogenase (LDH) enzyme activities, alongside
histopathological examination. Rats treated with TAA exhibited increased
levels of GLU, ALT, AST, TBIL, TP, ALP, LDH, CHOL, TG, LDL-c, BUN,
UA, and CR accompanied by decreased in ALB and HDL-c. Additionally,
enzymatic and non-enzymatic antioxidants, including GSH and SOD showed a
marked reduction in TAA-treated groups. PSO supplementation nearly
normalized liver, kidney biomarkers, and lipid profile, with an elevation in
antioxidant levels compared to the control group. Histopathological
examinations revealed that TAA caused extensive liver injury, and renal
impairment. PSO supplementation mitigated the alterations in the liver and
kidney functions, lipids profiles, and antioxidant levels associated with TAA-
induced hepatorenal toxicity.

Toxicity, Oxidative
Stress, Histology.

INTRODUCTION

Thioacetamide (TAA), a potent hepatotoxic and nephrotoxic agent, is frequently used
in experimental models to induce kidney and liver damage that mimics pathological
conditions in human (Ezhilarasan, 2023). TAA-induced toxicity is primarily attributed to the
generation of reactive oxygen species (ROS), lipid peroxidation, and inflammatory response
that contribute to hepatocellular and renal damage (Ezhilarasan, 2023). Prolonged exposure to
these toxicants may lead to gradual organ dysfunction, highlighting the importance of
effective strategies to reduce the detrimental effects (Nazari et al., 2023).

Natural products have garnered increasing attention for their potential to counteract
the toxic effects of chemical agents due to their abundance of bioactive compounds with
antioxidative and anti-inflammatory properties (Sairazi et al., 2020). PSO, an extract from
Cucurbita pepo, is a nutritionally rich source of polyunsaturated fatty acids, tocopherol,
carotenoids, and phytosterols, all of which contribute to its therapeutic potential (Hu et al.,
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2023). Studies have demonstrated that PSO exhibits significant antioxidative, anti-
inflammatory, and cytoprotective activities, making it a promising candidate for mitigating
organ damage caused by oxidative stress and inflammation (Paul et al., 2020).

Despite its well-documented benefit, limited studies have explored the protective
effects of PSO in TAA-induced hepatorenal toxicity. This study aims to investigate the
efficacy of PSO in mitigating liver and kidney damage caused by TAA in male rats. By
examining biochemical, histopathological, and oxidative stress markers, this work seeks to
elucidate the potential mechanisms underlying PSO’s protective effects and its relevance as a
therapeutic agent for oxidative stress-related disorders.

MATERIALS AND METHODS

Experimental Design:

The rats were obtained from Experimental Animal Unit of King Fahd Medical
Research Center, King Abdulaziz University, weighing 140-160 g were divided into four
groups, with ten rats in each group. The following treatments with PSO were administered
daily for six consecutive weeks as follows:
¢ Group I: Control group received NaCl (0.9 %, IP).

e Group I1: TAA-treated group received TAA (250 mg/kg, IP).

e Group I11: TAA-treated group received TAA (250 mg/kg, IP) + PSO (1.5 g/kg, IP).
e Group IV: PSO group, received PSO (1.5 g/kg, IP).

Chemicals:

Thioacetamide (TAA) was obtained from Sigma Chemical Co (Loba Chemicals,
India). All chemicals used in the study were of the highest grade and purity, and Pumpkin
Seed Qil (PSO) was purchased from Sigma Co (Sigma-Aldrich, USA).

Biochemical Assays:

Liver Function Tests: Serum alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) were measured using the Reitman and Frankel (1957) method. Albumin (ALB) was
measured using Busher (1990) method. Total protein (TP) was assessed by the method of
Peters Jr (1968). Lactate dehydrogenase (LDH) was measured using Stevens et al. (1983)
method. Alkaline Phosphatase (ALP) was determined using McComb and Bowers Jr (1972)
method. Total Bilirubin (TB) was determined according to Bonora et al. (1983) method.
Renal Function Tests: Blood urea nitrogen (BUN) was determined using Patton and Crouch
(1977) method. Uric acid (UA) level was estimated using the Burtis and Ashwood (1994)
method. Creatinine (CR) was measured by Moore and Sharer (2017) method.

Lipid Profile Tests: Triglycerides (TG) was determined using Fossati and Prencipe (1982)
method. Total cholesterol (CHOL) concentration was determined using the Richmond (1973)
method. High density lipoprotein-cholesterol (HDL-c) was determined by using the method of
Warnick et al. (1983). Low-density lipoprotein-cholesterol (LDL-c) was measured by
Friedewald et al., (1972) equation.

Oxidative Stress Markers:Glutathione (GSH) level was estimated using Moron et al. (1979)
method. Superoxide Dismutase (SOD) level was estimated using Misra and Fridovich (1972)
method.

Glucose Metabolism: Blood glucose (GLU) was measured by Middleton and Griffiths
(1957) method.

Histopathological Examination:

Liver and kidney tissues were fixed in 10% formalin, dehydrated through a graded
series of alcohol concentrations, cleared with xylol, and embedded in paraffin wax. For
histological examination, 5 pum sections were cut and stained with Harris hematoxylin and
eosin.

Statistical Analysis:

The results obtained were presented as mean £ SD for comparison. The data were
subjected to statistical analysis using Prism® software for Windows, version 9.50 (GraphPad,
USA). The results were statistically analyzed using one-way ANOVA. A p-value < 0.05 was
considered statistically significant.
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RESULTS

Figure 1 (A-G), illustrates the serum levels of ALT, AST, ALP and LDH among the
experimental groups. In the TAA treated group, the serum level of ALT, AST, ALP were
significantly elevated to 79.67+22.5, 99.72+22.35, 133.2+14.5 and 435+64.0 UI/L,
respectively, compared to the negative control group values 13.05+1.47, 15.37+1.57, 44.0 £
4.33 and 146.3+8.16 UJ/L, respectively. Treatment with PSO + TAA-group significantly
decreased the serum levels of ALT, AST, ALP and LDH to 16.32+3.43, 20.72+5.45,
55.67+5.92 and 170.3+20.8 U/L, respectively compared to TAA group (P < 0.0001 for all).
Treatment with PSO alone resulted in no significant differences in these parameters compared
to the control group.
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Fig. 1 (A-G). The serum measurement of Liver Functions, Alanine Aminotransferase (ALT),
Aspartate Aminotransferase (AST), Albumin (Alb), Total Protein (T. P), Total Bilirubin (T.
Bil), Alkaline Phosphatase (ALP) and Lactate dehydrogenase (LDH) in different studied
groups being studied. Results are shown as mean+ SD. Using One-way ANOVA (Tukey) test
at P <0.05. **: P <0.01 and ***: P < 0.001 and ****: P < 0.0001.

Figure 2 (A-C), illustrates the level of BUN, UA, and CR across the different
experimental groups. Oral administration of TAA induced abnormal kidney function in
treated rats, as evidenced by a significant increase (P < 0.05) in serum BUN, UA, and CR
compared to the control group. However, supplementation of PSO (1.5 ml/kg) with TAA
significantly restored serum BUN, UA, and CR level to the normalcy level versus the control
group. Furthermore, PSO treatment resulted in BUN, UA and CR levels approaching the
normal range observed in the control group.
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Fig. 2. Serum levels of Kidney function in different studied groups. A) represents serum
Blood Urea Nitrogen (BUN, B) represents serum Uric Acid (UA), and C) represents serum
creatinine. Data are presented as mean +/- standard deviation. Using One-way ANOVA
(Tukey) test at P<0.05. *: P<0.05, **: P<0.01 and ***: P<0.001 and ***: P < 0.0001.

Figure 3 (A-D), illustrates the level of CHOL, TG, HDL-c, and LDL-c among
different studied groups. Oral administration of TAA caused a significant alteration in the
lipid profile of TAA-treated rats. Specifically, serum level of CHOL, TG, LDL-c were
significantly elevated, while HDL-c levels were significantly reduced (P < 0.05) compared
to control group. Supplementation of PSO with TAA significantly reduced serum CHOL,
TG, LDL-c levels and increased HDL-c levels, restoring them approached control levels
observed in the control group. Furthermore, PSO treatment showed the level of CHOL, TG,
HDL-c, and LDL-c approached normal range observed in the control group.



Protective Effect of Pumpkin Seed Oil Extract Against Hepatorenal Toxicity of Thioacetamide in Male Rats 49

A) B)
ns ns
FEEE EEE
ns ns
40—
150 =

o ERE LS Rk ns R EEEE ns
i g
E 3w :
§ £
3 £
: A
: £
2 - H
E B
Z ¥
k 1
= 2
Rt H
L =
; i
@ H

0 o

Coatrsl TAA  TAA“ Pumplin Oil Pusplin O Coatral TAA  Tads Pumpkin 0d  Pasgkin 08
ns

8
=

EEE R

ns EEE T EE L s

P
=
1

ek * %

=
1

g
1

=

Cratrsl TAA  TAA+ Pumphin Oil Pumpkin Qi Coatrol TAA  TAA- Pumplin OilPumplin il

1
Serum Bood Level of Low Deviiity Lipaproten (ng/iL)

Serum Bhod Levelof High Denes iy Lipap rotein (mgdL)

Fig. 3. Serum levels of Lipid profile in different studied groups. A) represents serum
Cholesterol, B) represents serum Triglyceride, C) represents serum High-density lipoprotein,
and D) represents Low-density lipoprotein among studied groups. Data are presented as
mean +/- standard deviation. Using One-way ANOVA (Tukey) test at P<0.05. *: P<0.05,
**: P<0.01 and ***: P<0.001 and ***: P<0.0001.

Figure 4 (A-B), illustrates the level of GSH, and SOD among different studied
groups. Oral administration of TAA caused a significant alteration in the antioxidant levels in
TAA-treated rats. Specifically, serum level of GSH and SOD were significantly decreased (P
< 0.05) compared to control group. Supplementation of PSO with TAA significantly restored
the GSH and SOD levels closer to normal range observed in the control group. Furthermore,
PSO treatment showed the level of GSH and SOD were closer to normal range observed in
the control group.
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Fig. 4. Serum levels of Oxidative stress markers A) represent serum Glutathione (GSH), and
B) represent Superoxide Dismutase (SOD) in different groups being studied. Data are
presented as mean +/- standard deviation. Using One-way ANOVA (Tukey) test at P<0.05.
*: P<0.05, **: P<0.01 and ***: P<0.001 and ***: P<0.0001.
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Histopathology:

Histopathological analysis of liver tissue demonstrates varying levels of structural
changes across experimental groups. (Fig. 5A) Control group shows normal liver architecture
with intact hepatocytes (HC), central vein (CV), and sinusoids (S). (Fig. 5B) TAA-treated
group exhibits severe hepatic damage, including sinusoidal dilation, inflammatory infiltration
(IF), and red blood cells (RBC) accumulation. (Fig. 5C) Combined TAA and PSO treatment
alleviate the damage with partial restoration of sinusoidal and hepatocyte structure, along with
reduced inflammatory changes. (Fig. 6D) PSO-treated group displays nearly normal liver
histology compared to the control group, indicating the hepatoprotective effect of PSO.

Fig. 5. Histopathological liver sections comparing different groups stained with Hematoxylin
& Eosin, 100x magnification. (A) Normal architecture with central vein (CV), hepatocytes
(HC), sinusoids (S), and Kupffer cells (KC). Inflammatory changes with dense infiltration
(IF), bile hepatocytes (BH), and red blood cells (RBC) near the CV. (C) Mild disruption with
slightly dilated sinusoid (S) and Kupffer cells (KC) activity. (D) Preserved hepatocytes (H)
with minimal sinusoidal alteration. Scale bar = 50 um. The groups exhibit varying levels of
inflammation and structural disruption, with (B) showing the most pronounced changes and
(D) appearing approached to normal.

Figure 6, demonstrates that TAA treatment caused significant kidney damage,
including glomerular congestion, tubular degeneration, and inflammatory infiltration (Fig.
6B). PSO administration to TAA-treated group mitigated these effects, showing partial
restoration of glomerular and tubular structures and reduced inflammation (Fig. 6C). The
PSO-treated group exhibited normal kidney histology compared to the control group,
indicating its nephroprotective potential (Fig. 6D).
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Fig. 6

conditions stained with Hematoxylin & Eosin, 100x magnification. (A) Control showed
normal histopathological appearance. (B) TAA-treated rats showed infiltration and necrosis of
the renal tubular. (C) Administration TAA-treated rats with Pumpkin oil showed an
ameliorative effect in glomerular and renal tissue. (D) Administration of control with
Pumpkin oil, showing no significant change versus the control group.

DISCUSSION

This study provides compelling evidence for the protective role of pumpkin seed oil
(PSO) against thioacetamide (TAA)-induced hepatorenal toxicity in male rats. TAA, a Sulfur-
containing compound, induces severe oxidative stress and organ damage by generating
reactive oxygen species (ROS), promoting lipid peroxidation, and triggering inflammation. In
this study, TAA exposure significantly disrupted liver and kidney functions, altered lipid
profiles, and depleted antioxidants defenses. These changes are consistent with earlier studies
reporting that TAA-induced elevations in liver enzymes (ALT, AST, ALP, and LDH), kidney
dysfunction markers (BUN, U.A, CR), and dyslipidemia including increased level of CHOL,
TG, and LDL-c and along with decreased HDL-c levels (EI-Hameed et al., 2024).

Biochemically, these alterations reflect the extensive cellular damage caused by TAA
through oxidative, and inflammatory mechanisms. Histological analysis corroborated these
results, revealing severe hepatic damage, such as sinusoidal dilation, fatty degeneration, and
necrosis. Renal damage characterized by glomerular congestion, tubular degeneration, and
inflammatory infiltration. The antioxidant findings further support this mechanism, showing
significant depletion of endogenous antioxidants in TAA-treated rats. In contrast, PSO
treatment ameliorated the biochemical and histological abnormalities restoring antioxidant
defenses, reducing lipid peroxidation, and alleviating cellular damage.

PSO supplementation, however, significantly mitigated these adverse effects. Rats
treated with PSO displayed notable improvements in liver and kidney function markers and
lipid profiles. The restoration of antioxidant enzymes, including GSH, and SOD, underscores
the antioxidant capacity of PSO in combating oxidative stress. These results align with the
antioxidative, and anti-inflammatory properties attributed to PSO’s bioactive compounds,
such as phytosterols, essential fatty acids, and vitamin E (Gedi, 2022). Previous studies have
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also reported the efficacy of PSO in ameliorating oxidative damage in aflatoxin and cisplatin-
induced models (Liang et al., 2021). The findings from this study expand on this body of
evidence, demonstrating the effectiveness of PSO in reducing TAA-induced toxicity, a model
known for severe hepatorenal damage.

The histological analyses in this study further validate the biochemical findings.
TAA caused extensive liver damage, including sinusoidal dilation, fatty degeneration, and
necrosis consistent with its hepatotoxic nature (Faisul & Al-Saidya, 2022). Similarly, renal
damage in TAA-exposed rats was evidenced by glomerular and tubular injury, inflammatory
infiltration, and cellular degeneration. PSO treatment significantly mitigated these histological
changes, reducing liver and kidney damage and restoring tissue architecture to near-normal
conditions. These protective effects are consistent with earlier studies showing PSO’s ability
to stabilize cellular membranes, inhibit MDA, and scavenge ROS (Areebambud et al., 2023).
The bioactive components of PSO likely contribute to its efficacy. Essential fatty acids in
PSO, including linoleic and oleic acids, are known to enhance membrane integrity and
modulate inflammation (Hu et al., 2023). Phytosterol may also play a role by reducing
cholesterol absorption and regulating lipid metabolism, thereby contributing to the observed
improvements in lipid profile (Elsenousy et al., 2019). Vitamin E and phenolic compounds in
PSO act as potent antioxidants, neutralizing ROS and reducing oxidative damage to cellular
components (Rohman & Irnawati, 2019). These mechanisms collectively support the
multifaceted protective effect of PSO against oxidative damage and inflammation.

Moreover, the hypolipidemic effects of PSO observed in this study are of particular
interest, as dyslipidemia is a hallmark of TAA-induced toxicity (Mirmiran et al., 2010). The
reduction in Chol, T.G, and LDL-c levels, alongside the restoration of HDL-c highlights the
potential of PSO in managing lipid metabolism disorders. These effects could have broader
implications for the use of PSO in conditions associated with oxidative stress and
dyslipidemia, such as metabolic syndrome, diabetes, and cardiovascular diseases. However,
while the findings of this study are promising, further research is needed to explore the
molecular pathways underlying the PSO’s protective effects. Investigating its influence on
oxidative stress markers, inflammatory cytokines, and lipid metabolism at the genetic and
proteomic levels could provide deeper insights into its mechanisms of action. Additionally,
studies in chronic exposure models and human clinical trials are necessary to validate its
effectiveness and safety in broader applications.

Conclusion

The protective effects of PSO against TAA-induced hepatorenal toxicity, as
demonstrated in this study, emphasize its therapeutic potential as an antioxidant and anti-
inflammatory agent. These findings contribute to the growing body of evidence supporting
the health benefits of PSO but also underscore its potential as a complementary approach to
managing liver and kidney disorders associated with oxidative stress and inflammation.
Further exploration of PSO’s clinical applications could pave the way for its inclusion in
therapeutic regimens targeting chemical-induced toxicity and related conditions.
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