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Abstract

Background: A common analgesic and antipyretic medication is
acetaminophen. In therapeutic doses, it induces hepatotoxicity over an
extended period of time. High dosages of it can cause centrilobular hepatic
necrosis. Nigella sativa and citrus lemon both play protective roles in the
fight against hepatotoxicity. In order to determine how Nigella sativa oil
and lemon oil can treat hepatotoxicity brought on by acetaminophen, the
current study was designed.

Method: 20 rats were sorted into 4 subgroups before being used in this
investigation one control and 3 treatment groups, liver function tests and
histo-pathological examination were used to remark the liver toxicity and
the hepatic-protective effects of the herbals medicine.

Results: Consuming acetaminophen raises serum liver enzyme levels while
lowering total protein levels. Potential hepatoprotective effects of citrus
lemon and Nigella sativa include reversing alterations in ALT, AST,
Alkaline Phophatase, bilirubin, and the total protein levels brought on by
acetaminophen. Moreover, the acetaminophen-induced histological
alterations could be reversed.

Discussion and Conclusion: The antioxidant-rich plant extraction had
hepatic protective effects by controlling cell permeation, maintaining
cellular stability, and squelching the oxidative impacts. With our result
shows pretreatment with lemon oil at dose (500 mg) exhibited a
considerable reduction in level of (TSh, AST and significant decrease in
level of ALT) this show that liver damage improves when it compared with
acetaminophen-treated alone suggesting a protective effect of lemon oil. It
is common knowledge that an essential oil incorporates the phenolic, ester,
and aromatic and aliphatic acid components, by eliminating anion of
superoxide, H,O,, hydroxy radical, and reducing the lipid peroxidation,
many of these phenolic substances can protect cells. Acetaminophen cause
liver injury. lemon oil and black seed oil have hepatoprotective effect so
administration of these natural products reduce this damage effectively in a
rat model by lowering serum ALT and AST and prevent the hepatotoxicity
induced by acetaminophen.
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1. Introduction

One of the most common and often used as antipyretics and painkillers and medications, (acetaminophen)
acetaminophen is available over _the counter either alone or in combination with other component form. More calls
to poison are made as a result of acetaminophen overdose than any other overdose .(J6zwiak-Bebenista and Nowak,
2014) acetaminophen are responsible for more than 100,000 calls, 56,000 emergency room visit, 2,600 hospital
admissions, with 458 deaths related to acute liver failure. (Lee, 2020) Fig.1 illustrated acetaminophen mechanism of

action.
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Figure 1: The Prevailing Hypothesis on The Mechanism of Action of Acetaminophen

According to the Food and Agricultural Organization (FAQ), citrus is the most significant crop in the world. Citrus
fruits, including lemons, are indeed widely cultivated and consumed around the world. The genetic ancestry of the
lemon being a hybrid of the bitter orange and the citron is a fascinating finding. It highlights the complexity and
diversity of plant breeding and evolution .(Elbagerma et al., 2011). When determining the biological activity of Citrus
Limon fruit and oils, Flavonoids that containing flavonones like eriodictyol, Naringin and Hesperetin, Flavones like
Diosmin and Apigenin, while Flavonols like quercetin with their derivatives were crucial. (Ben Hsouna et al., 2017)
Fig.2. Nigella sativa (NS), which has long been revered as one of the plants with highest nutrition in human history
evidence has been made to support the historically asserted usage of this species’ tiny seeds. (Yimer et al., 2019)Due
to its high concentration of vegetable protein, minerals, fibers and vitamins, black seeds have a high nutritional value.
(Hassanien, 2007). According to a number of sources, the nutritional breakdown varied in the following order: 20—
85% proteins, 38.20% fats, 7-94% the fiber, while 31.94% carbohydrates in total are included in a diet. Among the
amino acids discovered were Arginin, Glutamate, and Aspartate, but Methionin and Cystein were the minor and major
amino acids. (Khalil et al., 2021)Approximately forty distinct chemicals were represented by essential makeup oil

(0.4-0.45%) reported in Multiple inquiries, among the plentiful. The quantity of the volatile oil's most important
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bioactive component, thymoquinone that was extracted using various techniques from the seeds of N. sativa ranged
widely, respectively .(Shahid et al., 2022) Furthermore, Black seeds have high levels of folic acid, thiamin, niacin,
copper, zinc, phosphorus, calcium, and phosphorus .(Chouhan, Sharma and Guleria, 2017)
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Figure 2: Citrus Oil Active Constituents (Guerra £t Al., 2020)

2. Materials and Methods
The present research complied with all guidelines provided by the animal ethics committee and was carried out in
December 2023 at the pharmacy college of University of Kerbala.

2.1. Animals
20 adult rats of 6 weeks old and approximately 140-270 mg weight were acquired from the college's pharmacology
department's animal house. To ensure uniform rat growth and performance, all the rats were kept in typical light-dark
circles, fed a standard diet in laboratory with free access to water.

2.2.Inclusion Criteria
Weight and age: rats weighing approximately 200-230grams and age around 8-12 weeks were only included in the
study to ensure uniformity and comparability of results.
Gender: the study included only male rats, to mitigate the effects of hormonal changes in females during the
experimental period.
Health status: The only healthy rats without pre-existing liver diseases that didn’t participate in a previous research
experiment were included.
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2.3.Exclusion Criteria
1. Pre-existing liver disease: The rats with pre-existing liver diseases or any other conditions that may affect the
outcomes of the study were excluded from the study.
2. Gender, age and weight: The females, and male rats that do not fall with the specified age and weight were excluded.
3. Unwillingness to participate: rats that didn’t comply with the procedures of the study and showed distress signs
were excluded.

2.4.Experimental Design
Rats have been subdivided randomly into four subgroups one for control and the other three as the treatment groups
and as the following Table 1.

Table 1: Experimental Design

Group number | Group name Rats number | Categorization
1 Control 6 Didn’t take any medications
2 Acetaminophen group 6 Received acetaminophen only
3 Acetaminophen + limon oil 4 Received acetaminophen and limon oil
4 acetaminophen + black seed oil 4 Received acetaminophen and black seed oil

2.5.Hepatotoxicity Induction and Biochemical Analysis

The research continues for 14 days, Acetaminophen syrups 250mg/5ml of Julphar Pharmaceuticals company UAE
were used to prepare the dose used to induce toxicity, which is 500 mgjgm. Lemon oil in dose of 400 mg\1lkg and
Black seed oil in dose of 4 mi\1kg (each from Emad factory, Iraq) were given by gastric lavage. 24 hours following
the last dosage, rats have been undergoing anesthesia by the aid of chloroform and then sacrificed by cervical
dislocation. then the blood separated with centrifugation by (3000 rpm) for 10 min, the serum carefully aspirated and
liver function tests for Alanine-aminotransferases (ALT) and Aspartate Aminotransferases (AST) biochemical
measurements.

The biochemical analysis Using Dri-Chem- NX500 auto-analyzer (Fujifilm Corporations, Japan), were assessed in

the blood samples. The liver was excised and fixed in saline formaldehyde solution for histological examination.
3. Results

3.1.Biochemical Analysis
For the measured biochemical parameters, the values are within normal range for the control group and in high levels
for the acetaminophen group revealed acute liver injury and toxicity. Additionally, lemon oil and black seed
administration have shown a positive result concerning the acetaminophen toxicity protective effects indicated by
lowering the measuring enzymes levels and as shown in Table 2 and Fig.4.
Table 2: The Measured Parameters for The Experimental Groups

Group GPT GOT TSB
Control 35.6+3.42a 130.4+£9.76 a 0.15+0.034 a
acetaminophen 74 +£3.42b 208.6 +8.76 b 0.544+0.24b
Lemon oil 58 £+ 8.55 ab 133+54.73 a 0.3955+0.14 ab
Black seed 39+ 233a 139+28.29a 0.2025+0.11a
Biochemical values have been expressed as mean + SEM and different small letters mean the
significant difference when (p<0.05)
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Figure 4: Presents the Measured Biochemical Parameters.
A) GOT (Glutamate Oxaloacetate Transaminase)
B) GPT (Glutamate Pyruvate Transaminase)
C) TSB (Total Serum Bilirubin)—in the experimental groups. These parameters were assessed
to evaluate liver function followina treatment.

3.2.Histological Analysis

The control group liver analysis showing normal tissue characteristics while the acetaminophen group section at 100
X microscopic strength presenting showed because hepatic circulatory system has been deteriorating, there is a
stagnation of blood within the liver parenchyma that results in congestion and when the microscopic strength was
increase to 400x, the degradation of hepatocytes was clearly appeared_some hepatocyte was with irregular cytoplasm
and some hepatocyte was without nuclei which mean they exposed to necrosis because of acetaminophen toxicity.as
explained by Fig.5A-B. While for rats treating with lemon oil, the histological examination showed a few cells was
exposed to degeneration on 400x microscopic strength and clarified in Fig.5C. For the black seed receiving group, the
histological examination showed that there is no any congestion or degeneration and look like a normal liver slide.
This indicates the strength of the effect of black seed oil on protecting the liver from Acetaminophen toxicity and as
shown in Fig.5D-E.
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Figure 5: The Effects of Acetaminophen on The Liver of Rats in the 2nd Group. (A and B) illustrate liver
histopathological changes induced by acetaminophen toxicity, including potential signs of hepatocellular damage,
such as inflammation, necrosis, and cellular degeneration. The observed damage is consistent with acetaminophen-
induced hepatotoxicity, which disrupts normal liver architecture. C) Histological analysis under reveals fewer necrotic

areas and improved cellular morphology, indicating hepatoprotective properties of lemon oil. D and E) show
improved hepatocyte integrity and fewer areas of cellular degeneration or congestion.
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4. Discussion

Acetaminophen had been known as the most typical reason for sudden liver failure. Numerous over-the-counter and
prescribed medications include acetaminophen and There is a substantially higher risk of overdose because to its
widespread availability and comparable high toxicity when compared to ibuprofen and aspirin among the
consumers.(Rotundo and Pyrsopoulos, 2020) Since then, a large number of research investigations have linked
acetaminophen consumption to dose-related liver damage. When there is concurrent alcohol addiction, starving
ketosis, or concurrent illnesses, these consequences are exacerbated. The microsomal cytochrome of P450 (CYP450)
in hepatocyte cells breaking down acetaminophen into byproducts with harmless effect. The reactive oxygen species
are yielded by this CYP450 metabolism pathway, particularly by cytochrome P450 2E1 (CYP2EL), which was initially
believed to be the primary source of liver damage in acetaminophen abuse.(Ramachandran and Jaeschke, 2018) That
long-held misconception has recently been disproved, and now the primary cause of the free radicals and oxidative
damage in acetaminophen hepatotoxicity is thought to be mitochondrial malfunction. Reactive metabolite of
acetaminophen as N-acetyl-p-benzoquinone imine (NAPQI), forms drug-protein adducts with the proteins in
mitochonria that contribute to chain of electron transporting, as a first sign of mitochondrial malfunction. Furthermore,
an overdose of acetaminophen results in an elevated level of activity of mitochondrial complex I, a site renowned for
producing free radicals. It has been found out that the degree of activity related to the severity of liver damage.
Peroxynitrite and Superoxide produced by the mitochondria are chiefly responsible for the Oxidative Stress that
achieved by an extreme usage dose of acetaminophen.(Kheradpezhouh et al., 2014) Main cause of oxidative and
nitrosative stress is the extreme reactive peroxy-nitrite species that is created when nitric oxide and superoxide
combined. When it taken by oral-route, over 80% of acetaminophen medication has a high bioavailability .(Li et al.,
2015) Half-life of acetaminophen in people who have not experienced hepatocyte liver damage is about 2-3 hours.
90% of acetaminophen is transformed into not harmful metabolites by both sulfidation and glucuronidation pathways
at the therapeutic blood level before being eliminated through kidneys. Still, these pathways reach saturation at
overdose stages, which causes CYP450 to convert significant amounts of acetaminophen into its hazardous metabolite
(NAPQI). After being converted to innocuous metabolites by glutathione conjugated system, the NAPQI is
subsequently eliminated .(Kadhim, Mosa and Ubaid, 2022)The main metabolic processes for acetaminophen are the
glucuronidation and sulfation system. Approximately 5% of it is processed by CYP2E1. During this process,
superoxide and NAPQI had been produced. NAPQI is quickly detoxified via conjugation when there is a sufficient
amount of glutathione present. Glutathione is quickly reduced when there is a severe overload. NAPQI combines
covalently with multiple proteins as its concentration rises, resulting in toxicity. The collapse of ATP synthesis, the
onset of lactic acidosis, and the dissolution of calcium in ionized form from the mitochondrial reserves are all effects
of the uncoupling oxidative phosphorylation, which is of particular interest. Hepatocellular apoptosis and necrosis are
the result .(Ubaid, 2019) The loss of liver cells caused by acetaminophene excess raises the blood levels of the enzyme
aminotransferases. the evaluation of particular liver enzyme levels in the serum as AST, ALT and TSB, were mostly
the common used biochemical parameters for hepatotoxic screen (Ubaid, 2019)Therefore, study of serum hepatic
biomarkers is crucial for identifying damage to the liver. In our study work, acetaminophene administered in (500

mg/kg) for two weeks to the rat, cause increased in the level of the transaminases and phosphatase which established
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by induced acetaminophen hepatotoxicity in the experimental rats. Numerous investigations shown that antioxidant-
rich plant extraction had hepatic protective effects by controlling cell permeation, maintaining cellular stability, and
squelching the oxidative impacts. With our result shows pretreatment with lemon oil at dose (500 mg) exhibited a
considerable reduction in level of (TSh, AST and significant decrease in level of ALT) this show that liver damage
improves when it compared with acetaminophen-treated alone suggesting a protective effect of lemon oil. It is
common knowledge that an essential oil incorporates the phenolic, ester, and aromatic and aliphatic acid components,
by eliminating anion of superoxide, H,O2, hydroxy radical, and reducing the lipid peroxidation, many of these phenolic
substances can protect cells. (Ubaid, 2019) Possibly, the Eriocitrin exhibits stronger anti-oxidant properties than other
citrus flavonoids components. It also protects rats' livers from oxidative damage, scavenges the reactive oxygen
species, and inhibits the production of both superoxide and hydroperoxide and it could be employed to boost liver
tissue levels of catalase and glutathione as anti-oxidant enzymes, in addition to the presence of citrates, flavonoids,
vitamin E, vitamin C, and lemonades which shown powerful antioxidant effect. Researchers noticed anti clastogenic
and antimutagenic agents in vitamin C that worked as strong anti-oxidant and as scavengers for the free radicals,
keeping the cells and tissues from being destroyed by them .(Quita, 2016) There are several studies concerning the
effects of the lemon oils such as that introduced by Zhou, T., et al. Our update study shown that the hepatic protection
effect were observed by lemon juice administered in liver damage induction in alcohol consumption mice groups by
decreasing serum GOT, GPT level and this result agreed by additional study confirming the beneficial effect of citrus
limon essential oil against aspirin toxic effect in rat model.(Zhou et al., 2017) It was experiential in the ongoing study
that Nigella sativa maintained the defense system in rats liver that exposure to acetaminophen toxicity through several
mechanism: Firstly, Nigella sativa oil contains various bioactive compounds, with thymoquinone being one of the
most studied and prominent. Thymoquinone has been found to possess antioxidant properties, meaning it can
neutralize harmful free radicals and reduce oxidative stress in the liver. Acetaminophen-induced liver toxicity is partly
mediated by the production of reactive oxygen species (ROS) and oxidative stress, which can damage liver cells. By
reducing oxidative stress, thymoquinone helps protect the liver from acetaminophen-induced damage. One of the
causes of oxidative stress is the accumulation of harmful lipids, measured by the lipid profile. (Ashraf et al., 2011),
(Abed Al-Kareem, Aziz and Ali Zghair, 2022). Secondly, Nigella sativa oil has been shown to possess anti-
inflammatory effects. Acetaminophen-induced liver toxicity is associated with inflammatory response, characterized
by releasing the inflammatory mediators and infiltrating the immune cells into the liver. The anti-inflammatory
features of Nigella sativa oil, again attributed to compounds like thymogquinone, can help suppress this inflammatory
response and reduce liver damage (El-Sayed, 2011) Additionally, Nigella sativa oil has been found to modulate various
signaling pathways involved in liver health and regeneration. For example, it has been shown to upregulate the
expression of certain enzymes with antioxidant effect such as glutathione peroxidase and superoxide dismutase, which
can further enhance the liver's ability to combat oxidative stress. It has also been found to inhibit the activation of
certain pro-inflammatory signaling molecules, such as nuclear factor-kappa B (NF-«kB), which can help dampen the

inflammatory response in the liver .(Hamed, EI-Rigal and Ali, 2013).
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5. Conclusion
Acetaminophen cause liver injury. lemon oil and black seed oil have hepatoprotective effect so administration of
these natural products reduce this damage effectively in a rat model by lowering serum ALT and AST and prevent the
hepatotoxicity induced by acetaminophen.

6. Limitations of The Study
The research may have some limitations to consider. Firstly, the sample size used in the study could be small, which
restricts the hypothesize of these findings to a larger population. Additionally, while rats can provide useful insights,
their behavior may not fully represent human behavior, so the findings may not directly apply to humans.
Methodological limitations, such as the specific parameters measured and the doses administered, could also affect
the study's conclusions. Secondly, it's essential to acknowledge that there may be bias or confounding factors present,
and ethical guidelines regarding animal experimentation must be followed. Understanding these limitations is crucial

when interpreting the study's results.
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