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Keywords: has been identified as the major bioactive component of Nigella sativa, which exhibits various
Nigella sativa, biological, antioxidant and cytoprotective effects. The study aimed to evaluate the hepatoprotective
Thymoquinone, effect of thymoquinone extract from Nigella sativa against acetaminophen-induced hepatotoxicity.

Acetaminophen,

Hepatic Injury. The experimental design incorporates histopathological analysis, oxidative stress biomarkers, and

biochemical liver function tests. According to experimental data, pretreatment with thymoquinone
significantly reduces the elevation of liver enzymes caused by APAP, restores antioxidant defense
systems, lowers lipid peroxidation, and maintains the histological architecture of the liver. These
results support the potential of thymoquinone as a natural hepatoprotective agent against
acetaminophen -related liver damage.

Copyright © 2026 Libyan Journal of Medical and Applied Sciences LIMAS.
Published by Higher Institute of Medical Science and Technology, Bani Walid, Libya,.
This is an open access article licensed under CC BY: (https://creativecommons.org/licenses/by/4.0) =

1. Introduction

Acetaminophen (APAP) is frequently used as an antipyretic and analgesic; however,
overdosing or improper long-term use is a major contributor to acute liver failure and drug-induced
liver injury (DILI) [1,2]. Hepatic toxicity results from the saturation of the normal glucuronidation and
sulfation pathways, which increases the metabolism of APAP by cytochrome P450 enzymes, primarily
CYP2EL, and produces the highly reactive metabolite N-acetyl-p-benzoquinone imine (NAPQI) [3].

In normal scenarios, conjugation with reduced glutathione (GSH) detoxifies NAPQI. Hepatic GSH is
quickly depleted during overdose due to excessive NAPQI formation, which causes oxidative stress,
lipid peroxidation, mitochondrial dysfunction, and hepatocyte necrosis [4,5]. This cascade appears
histologically as centrilobular necrosis, inflammatory infiltration, and sinusoidal congestion, and
biochemically as significant increases in serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), and bilirubin [2,6].

One of the main pathological mechanisms underlying APAP hepatotoxicity is oxidative stress.
Depletion of endogenous antioxidant enzymes like superoxide dismutase (SOD), catalase (CAT), and
GSH increases hepatocellular vulnerability, while elevated levels of malondialdehyde (MDA) indicate
increased lipid peroxidation. As a result, oxidative stress-targeting therapeutic approaches have
drawn a lot of interest [7,8]

The antioxidant, anti-inflammatory, and hepatoprotective properties of Nigella sativa L. (black seed)
have been thoroughly studied [9,10]. Several studies have shown that N. sativa seed oil or extract
reduces chemically induced liver damage by improving hepatic histology and reestablishing
antioxidant [11,12].

The primary bioactive component of Nigella sativa, thymoquinone (TQ), has strong free radical
scavenging action and modifies several molecular pathways related to inflammation, apoptosis, and
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oxidative stress [13,14]. It has been demonstrated that thymoquinone have a potential
hepatoprotective action through maintaining mitochondrial integrity, boosting AMPK signaling,
reducing CYP2E1 expression, and blocking JNK activation [15]. However, comprehensive studies
integrating biochemical, oxidative, and histopathological evaluation are needed for fully understanding
this beneficial effect. Therefore, the present study aims to evaluate the protective effects of Nigella
sativa thymoquinone extract against acetaminophen-induced hepatic injury in rats.

2. Materials and Methods
2.1. Experimental Animals

Adult male Wistar rats (180-220 g) were housed under standard laboratory conditions (22 + 2
°C; 12 h light/dark cycle) with free access to standard chow and water. Animals were acclimatized for
one week prior to experimentation. All procedures were conducted in accordance with NIH guidelines
for laboratory animal care and approved by the Institutional Animal Ethics Committee.

2.2.Chemicals and Reagents

High purity acetaminophen was obtained from Pioneer Pharmaceutical Company
(Sulaymaniyah-Ilraq) and Nigella sativa thymoquinone extract, CAS No0.490-91-5 was obtained from
Aladdin Scientific (Meridian, USA)

ALT, AST, ALP, total bilirubin levels were evaluated in serum using Biochemical assay kits
obtained From Active Bio Lab. MDA, GSH, SOD, and CAT levels were evaluated in liver tissue using
assay kits commercially sourced from Beijing Solarbio Science & Technology Co., Ltd. (China) and
used according to manufacturers’ protocols.

2.3. Experimental Design

Hepatic toxicity was induced using Single dose of 1000 mg/kg APAP orally, produces clear
evidence of liver injury at 24-48 h, with histopathological necrosis and biochemical transaminase
elevations according to Buttar et al [16]
Rats were randomly divided into four groups (n = 6):

A: Control group: received normal saline.

B: APAP group: received acetaminophen (1,000 mg/kg, orally) on day 7.

C: TQ + APAP group: received thymoquinone (20 mg/kg/day) for 7 days prior to APAP

administration.

D: TQ group: received thymoquinone only.
The control group received 0.5% DMSO orally for seven consecutive days. The APAP group received
a single oral dose of 1000 mg/kg body weight. For the TQ + APAP group, thymoquinone was
administered orally at 20 mg/kg body weight daily for 5—7 days prior to APAP exposure to enhance
hepatic antioxidant defenses [14,17]. On the final day, the rats received the 1000 mg/kg APAP dose
to induce liver injury. The TQ only group received TQ without APAP to assess potential intrinsic
effects of TQ on the studied parameters.
Variability in APAP absorption and metabolism were reduced by fasting the rats for 12 h befor
administration. APAP was prepared freshly by dissolving it in 0.5% DMSO in saline and delivered at
a constant volume of 10 mL/kg.
After 48 hours of APAP administration Blood was collected from ocular vin for serum analysis of ALT,
AST, ALP, and total bilirubin, while liver tissues were harvested for oxidative stress assays (MDA,
GSH, SOD, CAT) and histopathological evaluation.

2.4. Oxidative Stress and Histopathology

MDA, GSH, SOD and CAT estimation in liver homogenates. The fixed liver sections were
stained with hematoxylin and eosin (H&E) followed by examination of structural changes according
to. [18]

2.5. Statistical Analysis
Data were expressed as mean + SEM. One-way ANOVA followed by Tukey’s post-hoc test was
applied. A p-value < 0.05 was considered statistically significant.
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3. Results and Discussion
3.1. Liver Function Biomarkers

Administration of acetaminophen resulted in a marked increase in serum ALT, AST, ALP and
total bilirubin levels confirming hepatocellular damage and impaired biliary excretion Table 1.
Thymoquinone pre-treatment markedly prevented these changes, implying the maintenance of
hepatic cell membrane integrity and enhanced hepatic functional capacity.

Table 1. Serum levels of Liver Function Biomarkers

Group Total Bilirubin (mg/dL) ALT (U/L) AST (U/L) ALP (U/L)
Control 0.42 £ 0.05 42+ 4 78+6 126+ 9
APAP 1.68 £ 0.14* 185+ 15* 296 +21* 312 + 24*
TQ + APAP 0.63 £ 0.07# 78x7# 132+ 11# 165 + 13#
TQ 0.41+£0.04 44 +5 81+7 129+ 10

Values expressed as mean + SEM (n = 6).
*Significantly different from control (p < 0.05).
#Significantly different from APAP group (p < 0.05).

The present study has been shown that Nigella sativa thymoquinone extract has very
significantly protective effect against acetaminophen-induced hepatic damage. Elevation of serum
liver enzymes in APAP-treated rats is an indication of hepatocyte membrane permeability, and it has
been well demonstrated that this is due to liver necrosis, a characteristic and destination effect found
in APAP intoxication, both in experimental and clinical studies. The decrease of ALT, AST, ALP and
bilirubin after thymoquinone in the pretreatment group provides evidence that the toxic effects on
homogenization of hepatocyte membrane preventable by and liver function was preserved. [2,5]

3.2. Oxidative Stress Parameters

The animals given APAP only showed significant oxidative stress indicated by elevated liver
MDA and depleted antioxidant levels (GSH, SOD, and CAT) Table 2. Treatment with thymoquinone
greatly reduced this oxidative stress by decreasing lipid peroxidation and increasing antioxidant
enzyme activity.

Table 2. Hepatic Oxidative Stress Markers

G SOD (U/mg CAT (U/mg MDA (nmol/mg GSH (umol/g
roup ] - - .
protein) protein) protein) tissue)
Control 124+ 11 385+27 21+0.2 7.8+0.6
APAP 5.3+0.6* 15.6 £ 1.8* 6.9+0.5" 3.1+04%
TQ + APAP 10.7 £ 0.9# 32.1 % 2.4# 3.0+ 0.3# 6.5 £ 0.5#
TQ 126+1.0 39.2+29 20+0.2 79+0.6

Values expressed as mean + SEM (n = 6).
*Significantly different from control (p < 0.05).
#Significantly different from APAP group (p < 0.05).

Oxidative stress is believed to be the underlying basis for APAP-induced liver damage. The

overproduction of NAPQI causes depletion of GSH and generation of reactive oxygen species, which
cause lipid peroxidation and mitochondrial damage [4]. The elevation of MDA and inhibition of
antioxidant enzymes caused by APAP-treatment was consistent with previous studies [7,8]. Reduction
in MDA levels and restoration of GSH, SOD and CAT activities by Thymoquinone indicated its strong
antioxidant potential and substantiated earlier evidences that showed induction in endogenous
antioxidants by Thymoquinone [13,14]
On the molecular mechanism level, studies found thymoquinone reduced the expression of CYP2E1,
which limited NAPQI production and alleviated oxidative stress [15]. The inhibition of JNK
phosphorylation and activation of AMPK signaling also played a role in decreasing mitochondrial
damage and hepatocyte apoptosis [7,15]. These mechanisms provide a plausible explanation for the
expected biochemical and histological protection observed in thymoquinone-treated animals.
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3.3. Histopathological Findings

Histological examination from the normal control group shows a normal hepatic tissue, with a
preserved hepatocytes arranged in cords around the central vein, sinusoids, and no signs of
inflammation (Figure 1: A).
Liver sections from the APAP group shows a histopathological alteration, including hepatocyte
necrosis, vacuolization, congestion, infiltration of inflammatory cell, and hepatic architecture disruption
(Figure 1: B).
In the APAP rats pretreated with thymoquinone (Figure 1: C), liver shows marked improvement in
hepatic architecture, with less necrotic areas, minimal inflammatory cells infiltration, and close to
normal sinusoidal structure. Liver sections from the thymoquinone-only (Figure 1: D) group showed
no significant histopathological changes compared to the control (A) group.

Figure 1. Representative Histopathological Changes in Rat Liver Tissue (H&E Staining) x200.

Photomicrographs illustrate the histological architecture of liver sections from different experimental groups following
acetaminophen-induced hepatotoxicity and thymoquinone treatment. (N = Centrilobular necrosis, BD = Ballooning degeneration
of hepatocytes, SC = Sinusoidal congestion, | = Inflammatory cell infiltration, CV = Central vein, H = Hepatocyte, S = Sinusoid)

Histopathological preservation of hepatic architecture remains a critical endpoint in evaluating
hepatoprotection. The lesions that have been noticed in the APAP group are characteristic of
acetaminophen-induced liver injury and correlate with the observed biochemical disturbances [2,6].
The reduction in centrilobular necrosis, inflammatory infiltration, and sinusoidal congestion
corroborates previous reports demonstrating Nigella sativa-mediated structural protection in
chemically induced liver injury models [11,19]. The close correlation between biochemical
normalization and histological improvement reinforces the integrative protective role of thymoquinone.
These protective histological effects are consistent with earlier reports demonstrating thymoquinone-
mediated suppression of oxidative damage and inflammatory signaling pathways [15,20].
Furthermore, thymoquinone’s anti-inflammatory properties may contribute significantly to its
hepatoprotective effects. APAP-induced liver injury is accompanied by activation of inflammatory
mediators such as TNF-q, IL-13, and neutrophil infiltration, which exacerbate tissue damage [2,21].
Thymoquinone has been shown to suppress pro-inflammatory cytokine release and inflammasome
activation, further limiting secondary hepatic injury and inflammation [22].
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4. Conclusion

Based on strong experimental evidence, Nigella sativa thymoquinone extract significantly
protect against acetaminophen-induced hepatic injury in rats. Its hepatoprotective action is mediated
through attenuation of oxidative stress, restoration of antioxidant defenses, suppression of
inflammatory signaling, and preservation of hepatic histoarchitecture. Thymoquinone may therefore
represent a promising natural therapeutic candidate for the prevention and management of drug-
induced liver injury.
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