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Abstract

Objective

This study was conducted to investigate the protective role of luteolin in reducing paracetamol-
induced nephrotoxicity through the evaluation of certain immunological and biochemical
parameters in albino rats.

Materials and methods

A total of 32 adult male laboratory rats (three months and 145-165 g) were used in this study. The
experiment was carried out in the animal house of the Department of Biology, College of Science,
University of Al-Qadisiyah. The animals were randomly divided into four groups, with eight rats
in each group. Animals in the control group were administered normal water throughout the
experimental period (30 days). The first treatment group (T1), in which animals were injected
with paracetamol at a dose of 470 mg/kg body weight. Animals in the second treatment group
(T2) were administered luteolin at a dose of 100 mg/kg body weight. The third treatment group
(T3), in which animals were injected with paracetamol at a dose of 470 mg/kg body weight
concurrently with luteolin at a dose of 100 mg/kg body weight. Paracetamol and luteolin were
administered once daily for 30 consecutive days.

Results

The results of the current study demonstrated a significant increase (P<0.05) in kidney function
indicators (urea, creatinine, and uric acid), malondialdehyde (MDA) levels, and inflammatory
markers (TNF-a and IL-6). These indicators accompanied by a significant decrease (P<0.05) in
body weight gain and antioxidant parameters (GSH and CAT) in the T1 group compared with the
control group. In contrast, no significant differences were observed in the T2 group compared
with the control group. Meanwhile, the T3 group showed marked improvement, represented by a

significant reduction (P<0.05) in kidney function indicators, MDA levels, and inflammatory
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markers (TNF-a and IL-6). These improvements were along with a significant increase (P<0.05)
in body weight gain and antioxidant parameters (GSH and CAT) compared with the T1 group.
Conclusion

The results of this study showed that paracetamol administration caused significant
nephrotoxicity. This damage was associated with impaired renal function, increased oxidative
stress, and increased inflammatory markers in rats. Luteolin treatment significantly ameliorated
these changes. It does this through its antioxidant and anti-inflammatory properties, leading to
improved renal function indices and restoration of antioxidant defense mechanisms. Therefore, it
can be concluded that luteolin may be a promising protective agent against paracetamol-induced
renal injury.
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Introduction

Nephrotoxicity refers to the deterioration of kidney function resulting from the toxic effects
of drugs and chemical substances. Drug-induced nephrotoxicity is considered one of the major
causes of kidney diseases, including acute kidney injury (AKI) and chronic kidney disease (CKD)
(Kour et al., 2023). The severity of nephrotoxicity lies in the kidneys’ high susceptibility to toxic
agents, as they receive approximately 25% of the cardiac output due to their rich vascular supply.
In addition, renal tubules play a crucial role in the reabsorption of many compounds, while the
kidneys possess high metabolic activity, making them particularly vulnerable to various forms of
toxic injury (Perazella, 2010; Mody et al., 2020). Paracetamol, also known as acetaminophen, is
a widely used analgesic and antipyretic drug (Kanno et al., 2016). Although it is considered safe
when administered within therapeutic doses, excessive intake can result in hepatic and renal
toxicity (Ahmad et al., 2012). While high doses of paracetamol are primarily conjugated with
glucuronic acid and sulfate, a substantial portion is metabolized by cytochrome P450 (CYP450)
enzymes, leading to the formation of toxic reactive metabolites such as N-acetyl-p-benzoquinone
imine (NAPQI). This metabolite reacts with sulthydryl groups in glutathione (GSH), causing
depletion of intracellular glutathione reserves and increased production of reactive oxygen species
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(ROS), which subsequently induces oxidative stress and renal cellular damage (Gamal El-Din et
al., 2003; Abdel-Zaher et al., 2008). Furthermore, oxidative stress resulting from paracetamol
toxicity contributes to the activation of inflammatory responses and the increased release of pro-
inflammatory cytokines, particularly tumor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-
6), thereby exacerbating renal injury (Ibrahim et al., 2024). Luteolin is a natural flavonoid widely
distributed in vegetables and fruits such as carrots, cabbage, olive oil, celery, peppers, and apples.
It exhibits a broad spectrum of pharmacological activities, including antioxidant, anti-
inflammatory, and anticancer effects (Fan et al., 2024). Several edible herbs rich in luteolin have
been utilized to restore the balance between oxidative and antioxidative systems due to their
potent ability to scavenge reactive oxygen species (ROS). A recent study demonstrated the
protective effects of luteolin on the kidneys and liver of rats through the regulation of
inflammatory cytokine secretion, acting as both an anti-inflammatory and antioxidant agent. In
addition, luteolin was shown to enhance the activity of antioxidant enzymes such as catalase
(CAT) and superoxide dismutase (SOD), while reducing malondialdehyde (MDA) concentrations
(Vongthip et al., 2024). The present study aimed to investigate the protective role of luteolin
against paracetamol-induced nephrotoxicity in rats through the evaluation of certain biochemical,

oxidative stress, antioxidant, and inflammatory markers.

Materials and methods

Luteolin compound: In this study, luteolin (Nutricost, USA) was used in capsule form. The
capsules were opened and the powder containing the active ingredient was dissolved prior to
administration. The administered dose was 100 mg/kg body weight. The capsules were opened
and the powder containing the active ingredient was extracted. The luteolin dose was selected
based on a previous study that demonstrated that a dose of 100 mg/kg body weight exerted
effective biological effects.

Experimental animals: Adult male albino laboratory rats were obtained from the College
of Veterinary Medicine, University of Kufa. The animals were three months old and weighed
between 145-165 g. The rats were maintained for two weeks for acclimatization and health
monitoring before the initiation of the experiment. The study was then completed in the animal
house of the Department of Biology, College of Science, University of Al-Qadisiyah.

Studied parameters: The evaluated parameters included body weight gain rate, kidney
function indicators including urea, creatinine, and uric acid, antioxidant parameters including
glutathione (GSH), malondialdehyde (MDA), and catalase (CAT), as well as inflammatory
markers including interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a).

Experimental design: A total of 32 male albino rats were used in this experiment. The
animals were weighed and then randomly divided into four groups, with eight rats in each group.
Control group (C) included normal rats supplied with a standard diet and normal drinking water
for one month. In the first treatment group (T1), rats were administered paracetamol orally by
gastric gavage at a dose of 470 mg/kg body weight once daily for 30 days. /n the second treatment
group (T2), rats administered luteolin at a dose of 100 mg/kg body weight for one month. Rats of
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the third treatment group (T3) injected with paracetamol at a dose of 470 mg/kg body weight
concurrently with luteolin at a dose of 100 mg/kg body weight for one month.

Serum urea, creatinine, uric acid, GSH, CAT, and MDA levels were measured using
commercial biochemical assay kits according to the manufacturer’s instructions. Serum TNF-a
and IL-6 concentrations were determined using ELISA Kkits.

Statistical Analysis: Data were expressed as mean + standard error (Mean + SE). Statistical
analysis was performed using one-way analysis of variance (ANOVA) followed by the Least
Significant Difference (LSD) post hoc test to determine significant differences among groups. A
value of P < 0.05 was considered statistically significant.

Ethical Approval: All experimental procedures involving animals were conducted in
accordance with the guidelines for the care and use of laboratory animals and were approved by
the Institutional Animal Ethics Committee of the University of Al-Qadisiyah.

Results

Weight gain rate: The results presented in Table 1 showed a significant decrease (P<0.05)
in body weight gain rate in the T1 group with paracetamol-induced nephrotoxicity compared with
the control group. The results also demonstrated a significant increase (P<0.05) in the T2 and T3
groups when compared with the T1 group. However, a significant decrease (P<0.05) was
observed in the T3 group compared with both the T2 and control groups. No significant

differences were recorded between the T2 group and the control group.

Table 1. Effect of paracetamol and luteolin on body weight gain rate

Group Before Experiment (g) After Experiment (g) Weight Change (g)

Tl 151.40 + 1.982 133.20 + 3.76° -18.20 £ 2.08¢
T2 150.80 + 3.732 159.40 £ 4.00~ 8.60 £0.872
T3 149.00 + 2.682 143.80 + 6.16° -5.20 £ 4.68°
C 148.60 + 2.08? 157.40 £ 2.972 8.80 £ 1.06*
LSD 8.14 13.16 7.96

The numbers represent the mean =+ standard error (Mean + SE). Different letters indicate significant
differences (P<0.05) among the groups. C: Control group. T1: First treatment group injected with
paracetamol at a dose of 470 mg/kg body weight for 30 days. T2: Second treatment group administered
luteolin at a dose of 100 mg/kg body weight for 30 days. T3: Third treatment group injected with
paracetamol at a dose of 470 mg/kg body weight concurrently with luteolin at a dose of 100 mg/kg body
weight by oral gavage for 30 days.

Kidney function indicators (serum concentrations of urea, creatinine, and uric acid):
The results showed a significant increase (P<0.05) in serum levels of urea, creatinine, and uric
acid in the T1 group with paracetamol-induced nephrotoxicity compared with the control group.
The findings also demonstrated a significant decrease (P<0.05) in the T2 and T3 groups compared
with the T1 group. However, a significant increase (P<0.05) was observed in the T3 group
compared with both the T2 and control groups. While, no significant differences were recorded
between the T2 group and the control group (Table 2).
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Table 2. Effect of paracetamol and luteolin on kidney function indicators

Group UR (mg/dl) CR (mg/dl) UA (mg/dl)
T1 63.59+2.112 3.79 £0.242 5.82+0.728
T2 35.17 £2.25¢ 1.15+£0.20¢ 2.02 £ 0.30¢
T3 47.31 £5.92b 1.89 +£0.20b 3.94 £ 0.36°
C 33.44 + 2.44¢ 1.21 £0.08¢ 1.97 £0.17¢
LSD 6.66 0.579 1.32

The numbers represent the mean + standard error (Mean + SE). Different letters indicate significant
differences (P<0.05) among the groups. C: Control group. T1: First treatment group injected with
paracetamol at a dose of 470 mg/kg body weight for 30 days. T2: Second treatment group administered
luteolin at a dose of 100 mg/kg body weight for 30 days. T3: Third treatment group injected with
paracetamol at a dose of 470 mg/kg body weight concurrently with luteolin at a dose of 100 mg/kg body
weight by oral gavage for 30 days.

Oxidative stress and antioxidant markers: The results demonstrated a significant decrease
(P<0.05) in the levels of the antioxidant markers catalase (CAT) and glutathione (GSH) in the T1
group with paracetamol-induced nephrotoxicity compared with the control group (Table 3). In
contrast, a significant increase (P<0.05) in CAT and GSH levels was observed in the T2 and T3
groups compared with the T1 group. However, the T3 group showed a significant decrease
(P<0.05) compared with both the T2 and control groups, while no significant differences were
recorded between the T2 group and the control group. Regarding malondialdehyde (MDA), the
results showed a significant increase (P<0.05) in the T1 group with paracetamol-induced
nephrotoxicity compared with the control group. Conversely, a significant decrease (P<0.05) was
observed in the T2 and T3 groups compared with the T1 group. Nevertheless, the T3 group
exhibited a significant increase (P<0.05) compared with both the T2 and control groups, whereas

no significant differences were found between the T2 group and the control group.

Table 3. Effect of paracetamol and luteolin on oxidative stress and antioxidant markers

Group CAT GSH MDA
T1 4.89 £0.90¢ 924.96 + 12.58 7.26 +0.342
T2 10.63 £ 0.53¢ 2385+ 15.022 3.20 +£0.59¢
T3 8.52 £1.02b 1630 + 12.04° 5.40+0.16°
C 10.66 + 0.30° 2342 +53.392 3.49+0.67¢

LSD 2.03 87.10 1.46

The numbers represent the mean + standard error (Mean + SE). Different letters indicate significant
differences (P<0.05) among the groups. C: Control group. T1: First treatment group injected with
paracetamol at a dose of 470 mg/kg body weight for 30 days. T2: Second treatment group administered
luteolin at a dose of 100 mg/kg body weight for 30 days. T3: Third treatment group injected with
paracetamol at a dose of 470 mg/kg body weight concurrently with luteolin at a dose of 100 mg/kg body
weight by oral gavage for 30 days.

Inflammatory markers: The results of these markers showed a significant increase
(P<0.05) in the inflammatory markers TNF-o and IL-6 in the T1 group with paracetamol-induced
nephrotoxicity compared with the control group (Table 4). In contrast, the results demonstrated a
significant decrease (P<0.05) in the T2 and T3 groups compared with the T1 group. However, a
significant increase (P<0.05) was observed in the T3 group compared with both the T2 and control
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groups, while no significant differences were recorded between the T2 group and the control

group.

Table 4. Effect of paracetamol and luteolin on inflammatory markers

Group IL-6 (ng/L) TNF-a (ng/L)
T1 2.87 +£0.042 63.84 + 1.402
T2 1.34 £ 0.10¢ 2948 £1.12¢
T3 2.04 £0.030 45.03 £1.52b
C 1.25 +£0.05¢ 30.65+3.11¢

LSD 0.204 5.85

The numbers represent the mean + standard error (Mean + SE). Different letters indicate significant
differences (P<0.05) among the groups. C: Control group. T1: First treatment group injected with
paracetamol at a dose of 470 mg/kg body weight for 30 days. T2: Second treatment group administered
luteolin at a dose of 100 mg/kg body weight for 30 days. T3: Third treatment group injected with
paracetamol at a dose of 470 mg/kg body weight concurrently with luteolin at a dose of 100 mg/kg body
weight by oral gavage for 30 days.

Discussion

Body weight: The current results illustrated a significant decrease (P<0.05) in body weight
gain rate in the T1 group treated with paracetamol at a dose of 470 mg/kg body weight for one
month compared with the control group. These findings are consistent with results of other
researchers, who indicated that paracetamol administration caused a significant reduction in body
weight. This decrease may be attributed to loss of appetite resulting from the effect of paracetamol
on the hypothalamic centers responsible for appetite regulation and digestion, leading to reduced
food and water intake and consequently decreased body weight (Assi et al., 2024). The significant
reduction in body weight gain may also be explained by disturbances in metabolic processes
caused by the toxic effects of paracetamol (Jaeschke et al., 2024). Administration of high doses
of paracetamol results in the formation of toxic metabolites such as N-acetyl-p-benzoquinone
imine (NAPQI), which depletes glutathione reserves and induces oxidative stress (Liao et al.,
2023). The oxidative stress generated by paracetamol toxicity contributes to mitochondrial
dysfunction by disrupting cellular respiration and reducing intracellular energy production (Hu et
al., 2024; Li et al., 2025). Consequently, the body increases catabolic processes to compensate
for the energy deficit through the consumption of stored fats and proteins, thereby contributing to
body weight loss. This reduction may also be associated with dehydration resulting from the toxic
effects of paracetamol on renal tubules (Latif et al., 2021). Oxidative stress-induced damage to
the epithelial cells lining the renal tubules impairs the efficiency of water and electrolyte
reabsorption, leading to excessive fluid loss and subsequent body weight reduction (Pakravan et
al., 2007). This explanation revealed necrosis and dilation of renal tubules accompanied by
flattening and degeneration of the tubular epithelial cells, as well as the presence of cellular debris
and proteinaceous casts within the tubular lumina. These alterations indicate marked impairment
in renal tubular function and a reduced capacity to maintain fluid balance. Furthermore, toxic
doses of paracetamol may have caused deterioration in the general physiological condition of the
animals, leading to lethargy and reduced physical activity, as observed during the experimental
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period. Such changes may reduce food consumption and consequently contribute to body weight
loss. Regarding the T2 group treated with luteolin at a dose of 100 mg/kg body weight for one
month, the results demonstrated no significant differences in body weight gain rate compared
with the control group. These findings are in agreement with those reported by (Liu et al., 2021),
who observed no significant differences in body weight gain in animals treated with luteolin at a
dose of 100 mg/kg body weight for four weeks, confirming its relative safety at this dose. This
may be explained by the fact that luteolin does not induce disturbances in physiological functions
such as digestion, absorption, and metabolism (Wan et al., 2025), thereby maintaining normal
feeding behavior and physiological stability in the animals. In addition, the antioxidant and anti-
inflammatory properties of luteolin appear to exert greater effects under conditions of oxidative
stress or cellular injury, whereas its role remains limited under normal physiological conditions
(Lin et al., 2015). Finally, regarding the T3 group treated with paracetamol at a dose of 470 mg/kg
body weight concurrently with luteolin at a dose of 100 mg/kg body weight for one month, the
results demonstrated a significant increase (P<0.05) in body weight gain rate compared with the
T1 group treated with paracetamol alone. These findings are consistent with those reported by
(Owumi et al., 2020), who observed improvement in body weight gain following luteolin
administration. This improvement may be attributed to the protective role of luteolin against
paracetamol-induced toxicity (Tai et al., 2015). Luteolin is a flavonoid compound possessing
potent antioxidant activity, which is mainly related to its ability to scavenge free radicals, inhibit
lipid peroxidation, and enhance intracellular antioxidant defense systems. These actions
contribute to the attenuation of oxidative stress and preservation of cellular integrity, thereby
maintaining mitochondrial function and improving energy production. Consequently, the overall
physiological condition of the animals improves, leading to increased food intake and enhanced
body weight gain (Gu et al., 2024). Moreover, this improvement may also be attributed to the
protective effects of luteolin on renal tubules through reducing oxidative stress and limiting
tubular cellular damage. This explanation showed improvement in the histological architecture of
the renal tubules, thereby enhancing the efficiency of water and electrolyte reabsorption and
reducing fluid loss, ultimately leading to improved body weight gain (Hong et al., 2017).
Kidney function indicators: The results of the current study revealed a significant increase
(P<0.05) in the levels of urea, creatinine, and uric acid in the T1 group treated with paracetamol
at a dose of 470 mg/kg body weight for one month compared with the control group. These
findings are consistent with those reported by (Fadda et al., 2019; Parameshappa et al., 2012).
This increase may be attributed to the reduction in glomerular filtration rate (GFR) resulting from
damage to the proximal renal tubules caused by oxidative stress induced by the toxic effects of
paracetamol. When paracetamol is administered at high doses, it is metabolized into the toxic
reactive metabolite N-acetyl-p-benzoquinone imine (NAPQI). This metabolite depletes
antioxidant enzymes, particularly glutathione, thereby promoting oxidative stress within the cells
(Yan et al., 2018). The proximal renal tubules are especially susceptible to this injury because of
their high metabolic activity, abundance of mitochondria, and active role in reabsorption, making
them more vulnerable to toxic substances (Lorz et al., 2004). Consequently, mitochondrial

damage and tubular cell dysfunction occur, leading to apoptosis and necrosis of renal cells. In
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addition, the accumulation of proteinaceous materials and cellular debris contributes to the
formation of renal casts within the tubules, causing partial obstruction of the tubular lumen and
impaired glomerular filtrate flow, which ultimately reduces glomerular filtration efficiency
(Basile et al., 2012; Hanif et al., 2025). As a result, the kidney’s ability to excrete nitrogenous
waste products declines, leading to the accumulation of urea, creatinine, and uric acid and the
elevation of their serum levels (Roy et al., 2015; Abdel-Hafez et al., 2017). The significant
elevation in kidney function markers may also be attributed to the inflammatory response
associated with paracetamol intoxication. The present study demonstrated a significant increase
in the inflammatory cytokines TNF-a and IL-6. These cytokines exacerbate renal injury through
enhancement of tubular damage, stimulation of oxidative stress, induction of mitochondrial
dysfunction, increased cellular membrane permeability, and activation of cell death pathways
(Sanchez-Gonzalez et al., 2011). Consequently, tubular cell injury and impairment of renal
functional efficiency occur, resulting in increased accumulation of nitrogenous waste products in
the blood. Regarding the T2 group treated with luteolin at a dose of 100 mg/kg body weight for
one month, the results showed no significant differences (P<0.05) in the levels of urea, creatinine,
and uric acid compared with the control group. These findings are consistent with those reported
by (Abubakr et al., 2025). This may be explained by the fact that luteolin does not exert harmful
effects on renal tissue and does not disturb glomerular filtration rate or renal efficiency in
excreting nitrogenous wastes under normal physiological conditions (Albarakati et al., 2020).
Histological examination further supported this interpretation by revealing normal renal
histoarchitecture without pathological alterations, confirming the relative safety of luteolin at the
administered dose. This may also be attributed to the role of luteolin as an antioxidant and
regulator of oxidative stress, which becomes more evident under pathological conditions
associated with excessive free radical production (Lin et al., 2008). Under normal physiological
conditions, where oxidative stress levels remain within normal limits, luteolin does not alter
normal physiological values but rather contributes to maintaining cellular balance and functional
stability. Concerning the T3 group treated with paracetamol at a dose of 470 mg/kg body weight
concurrently with luteolin at a dose of 100 mg/kg body weight for one month, the results
demonstrated a significant decrease (P<0.05) in the levels of urea, creatinine, and uric acid
compared with the T1 group treated with paracetamol alone, with these values approaching those
of the control group. This finding indicates the protective role of luteolin against paracetamol-
induced nephrotoxicity. The present findings are consistent with several previous studies
(Domitrovi¢ et al., 2013; Dar et al., 2021), which demonstrated that luteolin significantly reduced
kidney function markers and improved renal functional efficiency. This protective effect may be
attributed to the role of luteolin in enhancing antioxidant defenses and reducing paracetamol-
induced oxidative stress. Luteolin decreases free radical generation and inhibits lipid
peroxidation, thereby reducing renal cellular damage, preserving the integrity of tubular cells, and
improving their functional efficiency, which ultimately reduces the accumulation of nitrogenous
waste products in the blood (Mahwish et al., 2025). The absence of necrosis, reduction in renal
cast formation, and preservation of open tubular lumina in most sections further confirm the

protective role of luteolin in attenuating tissue injury and improving renal histological structure.
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The improvement in kidney function indicators may also be related to the anti-inflammatory
effects of luteolin (Chen et al., 2023). The currect study demonstrated a marked reduction in the
levels of inflammatory cytokines TNF-a and IL-6 in this group compared with the T1 group,
indicating the ability of luteolin to suppress the inflammatory response associated with
nephrotoxicity. This suppression contributes to reducing renal tissue injury, particularly within
the renal tubules. Consequently, glomerular filtration rate improves, leading to enhanced
excretion of nitrogenous waste products such as urea, creatinine, and uric acid, and thereby
causing a marked reduction in their serum concentrations.

Oxidative stress and antioxidant indicators: The current findings showed a significant
increase (P<0.05) in malondialdehyde (MDA) levels, accompanied by a significant decrease
(P<0.05) in glutathione (GSH) and catalase (CAT) levels in the serum of animals in the T1 group
treated with paracetamol at a dose of 470 mg/kg body weight for one month compared with the
control group. These findings are consistent with those reported by (Kandemir et al., 2017;
Baponwa et al., 2022). The first study indicated that administration of paracetamol at a dose of
500 mg/kg body weight for six consecutive days caused an elevation in MDA levels and a
reduction in antioxidant markers, including GSH and CAT, compared with the control group.
This may be attributed to oxidative stress induced by the toxic effects of paracetamol when
administered at high doses. Accumulation of its toxic reactive metabolite, N-acetyl-p-
benzoquinone imine (NAPQI), leads to depletion of glutathione (GSH) reserves, resulting in
impairment of antioxidant defense capacity and increased generation of free radicals due to
mitochondrial dysfunction. Consequently, lipid peroxidation of cellular membranes is stimulated,
leading to elevated MDA levels, which represent the final product of this process and serve as a
biological indicator of oxidative damage severity (Sohail et al., 2024; Murad et al., 2016).
Persistent oxidative stress further exhausts the antioxidant defense system, causing reduced
catalase (CAT) activity as a result of its continuous utilization in neutralizing accumulated
hydrogen peroxide (Elsafty et al., 2024). This effect may also be attributed to the ability of
paracetamol to stimulate inflammatory responses. Oxidative stress and cellular injury activate
intracellular inflammatory pathways, leading to increased secretion of inflammatory cytokines,
which in turn enhance reactive oxygen species (ROS) production. This process promotes
membrane lipid peroxidation and elevation of MDA levels, while the continuous consumption of
antioxidants results in depletion of glutathione (GSH) reserves and reduction in catalase (CAT)
activity (Mittal et al., 2014; Karthivashan et al., 2016). Regarding the T2 group treated with
luteolin at a dose of 100 mg/kg body weight for one month, the obtained results revealed no
significant differences in MDA, CAT, and GSH levels compared with the control group. These
findings are in agreement with those reported by (Albarakati et al., 2024), who observed no
significant differences in MDA, GSH, and CAT levels in animals treated with luteolin at a dose
of 50 mg/kg body weight compared with the control group. This finding confirms the relative
safety of luteolin and indicates that it does not induce oxidative stress when administered at
appropriate doses. This may be explained by the fact that the antioxidant activity of luteolin is
mainly activated under conditions of disrupted cellular homeostasis, whereas in the absence of
harmful stimuli, these parameters remain within normal physiological ranges. This indicates that
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luteolin does not disturb the cellular balance of healthy cells (Nabavi et al., 2015). Finally,
concerning the T3 group treated with paracetamol at a dose of 470 mg/kg body weight
concurrently with luteolin at a dose of 100 mg/kg body weight for one month, the results of the
present study demonstrated a significant decrease (P<0.05) in MDA levels accompanied by a
significant increase (P<0.05) in both GSH and CAT levels compared with the T1 group treated
with paracetamol alone, with these markers approaching the values of the control group. These
findings are consistent with several previous studies (Tan et al., 2018; Wang et al., 2024), which
reported reduced MDA levels and elevated GSH and CAT levels following luteolin
administration. This protective effect may be attributed to the antioxidant properties of luteolin
(Fernando et al., 2024), as it scavenges free radicals and reduces lipid peroxidation, thereby
decreasing MDA levels (Ma, 2013; Khayyat et al., 2025). In addition, luteolin enhances the
antioxidant defense system through activation of the Nrf2/ARE signaling pathway, which is one
of the major molecular pathways responsible for protecting cells against oxidative stress.
Activation of this pathway stimulates glutathione (GSH) synthesis and regulates detoxification
enzymes (Alekhya Sita et al., 2019). Furthermore, the beneficial effects of luteolin may also be
related to its anti-inflammatory activity. Reduction in inflammatory cytokine secretion suppresses
immune cells responsible for free radical generation, leading to decreased lipid peroxidation and
consequently lower MDA levels. As a result, antioxidant consumption decreases, contributing to
the preservation of glutathione levels and catalase enzyme activity. Therefore, luteolin plays an
important role in restoring the balance between oxidants and antioxidants and reducing cellular
injury (Liu et al., 2017).

Inflammatory indicators: The results of the present study demonstrated a significant
increase (P<0.05) in the levels of the inflammatory markers TNF-a and IL-6 in the T1 group
treated with paracetamol at a dose of 470 mg/kg body weight for one month compared with the
control group. These findings are consistent with those reported by Taslipinar et al. (2013) and
Algahtani et al. (2023), who indicated that paracetamol administration caused a significant
elevation in inflammatory cytokine levels. This could be explained by the fact that toxic doses of
paracetamol induce oxidative stress through the formation of the reactive toxic metabolite N-
acetyl-p-benzoquinone imine (NAPQI). This metabolite depletes glutathione reserves and
increases free radical generation. Accumulation of free radicals causes lipid peroxidation and
cellular damage, thereby stimulating inflammatory responses and increasing cytokine secretion
(Haidara et al., 2019). The toxic effects of paracetamol are not limited to the induction of oxidative
stress but also extend to the activation of inflammatory pathways. Accumulation of free radicals
generated during paracetamol metabolism activates the NF-xB signaling pathway, which is
considered one of the principal regulators of cytokine gene expression (Karimi-Dehkordi et al.,
2026). Activation of this pathway consequently enhances the release of inflammatory cytokines,
thereby amplifying the inflammatory response. The significant elevation in these inflammatory
markers may also be explained by the marked tissue injury observed in the renal tubules, as
demonstrated in the present study. Necrosis and degeneration of tubular epithelial cells result in
the release of damage-associated molecular patterns (DAMPs), which activate inflammatory

pathways within renal tissue, particularly the NF-«B pathway, thereby stimulating the gene
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expression of inflammatory cytokines (Rock & Kono, 2008). Regarding the T2 group treated with
luteolin at a dose of 100 mg/kg body weight for one month, the results demonstrated no significant
differences (P<0.05) in the levels of the inflammatory markers TNF-a and IL-6 compared with
the control group. These findings are consistent with those reported by (Liang et al., 2025), who
observed no significant differences in TNF-a and IL-6 levels in the luteolin-treated group
compared with the control group. This confirms the relative safety of luteolin and supports its
safety when administered at carefully selected therapeutic doses. This may be explained by the
fact that luteolin does not stimulate inflammatory responses under normal physiological
conditions, and its activity is mainly restricted to the presence of inflammatory stimuli. Luteolin
does not activate inflammatory signaling pathways or enhance cytokine gene expression under
normal physiological conditions (Jang et al., 2008; Tian et al., 2022), which explains the
maintenance of these markers within normal ranges. This finding may also be attributed to the
ability of luteolin to maintain immune homeostasis without disturbing the cellular
microenvironment, as luteolin selectively suppresses inflammation without adversely affecting
normal physiological cellular functions. Concerning the T3 group treated with paracetamol at a
dose of 470 mg/kg body weight concurrently with luteolin at a dose of 100 mg/kg body weight
for one month. TNF-a and IL-6 levels were significantly elevated (P < 0.05) in the T1 group
compared with the control group treated with paracetamol alone. These findings are in agreement
with those reported by (Boeing et al., 2020; Taweesap et al., 2025), which confirmed that luteolin
exerts anti-inflammatory effects and reduces inflammatory cytokine levels. This protective effect
may be attributed to the anti-inflammatory activity of luteolin, as it suppresses primary
inflammatory cytokines, particularly tumor necrosis factor-alpha (TNF-a), which is considered
one of the major mediators initiating the inflammatory cascade and stimulating secondary
cytokines such as IL-6. Therefore, inhibition of TNF-a contributes to suppression of inflammatory
reactions (Okusa, 2002; Hong et al., 2017). In addition, luteolin reduces infiltration of
inflammatory cells into renal tissue, thereby limiting renal damage (Seelinger et al., 2008). This
effect may also be explained by the ability of luteolin to inhibit the NF-«kB signaling pathway, a
well-known inflammatory mediator (Dos Santos Pereira et al., 2020). Free radicals play a major
role in activating this pathway through stimulation of its phosphorylation, leading to increased
production of inflammatory cytokines (Subramanian et al., 2015; Hassanein et al., 2021).
However, luteolin, due to its antioxidant properties, reduces oxidative stress levels, thereby
inhibiting NF-«xB activation and consequently decreasing inflammatory cytokine production.

Study Limitations: The present study was limited by the absence of molecular analyses and
detailed histopathological scoring. Further studies are recommended to investigate the molecular
mechanisms underlying the nephroprotective effects of luteolin.

Conclusion: The results of the present study showed that administration of paracetamol at a
dose of 470 mg/kg body weight for 30 days caused significant nephrotoxicity in male rats. This
renal injury was accompanied by a significant increase in renal function indices including urea,
creatinine and uric acid, an increase in the levels of malondialdehyde (MDA) and inflammatory
cytokines TNF-a and IL-6, as well as a significant decrease in the antioxidant indices glutathione
(GSH) and catalase (CAT). In addition, the decrease in body weight in animals receiving
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paracetamol indicated the adverse effects of this drug on the general and metabolic status of the
animals. In contrast, concomitant administration of luteolin significantly improved these changes,
such that renal function indices and inflammatory and oxidative stress markers decreased and the
level of endogenous antioxidants increased. Luteolin was also able to partially compensate for the
weight loss induced by paracetamol. These findings suggest that the protective effects of luteolin
are likely to be exerted through the inhibition of oxidative stress, enhancement of the antioxidant
defense system, and reduction of inflammatory responses. Overall, the results of this study
indicate that luteolin has a significant capacity to reduce paracetamol-induced renal injury and
can be considered as a natural compound with antioxidant and anti-inflammatory properties in
the prevention or reduction of drug-induced nephrotoxicity. However, further studies at the
molecular and histological levels are necessary to clarify the precise mechanisms of action and

evaluate its potential therapeutic applications.
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