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Abstract
Background: Acetaminophen (N-acetyl-para-aminophenol, or APAP) poisoning, whether intentional or accidental, is a major gen-
eral health problem, with its toxicity prevalence significantly increasing in many countries. Currently, acetaminophen is considered 
one of the main causes of acute liver failure globally.

Aim: The aim of this study was to evaluate the possible hepatoprotective effect of Omega-3,6,9 against acetaminophen-induced 
hepatotoxicity in albino male mice.

Methods: Thirty-five albino male mice were randomly divided into five groups: Group 1 (the negative control) received liquid par-
affin orally at a dose of 10 ml/kg for ten days, followed by a single intraperitoneal injection (IP) of 10 ml/kg normal saline on the 
eleventh day of the test. Group 2 (positive control) received liquid paraffin. Group 3 was treated with Omega-3,6,9 (50 mg/kg/80 mL). 
Group 4 was treated with Omega-3,6,9 (100 mg/kg/35 mL). Group 5 was treated with N-acetylcysteine (100 mg/kg/10 ml). The mice 
were treated with Omega-3,6,9, N-acetylcysteine, and liquid paraffin once daily by oral gavage for ten days.

Result: TNF-α, IL-10, ALT, and AST levels in the positive control group were significantly higher than those in the negative control 
group. TNF-α, IL-10, ALT, and AST levels in mice given Omega-3,6,9 (50 mg/kg), Omega-3,6,9 (100 mg/kg), and N-acetylcysteine 
(100 mg/kg) orally prior to acetaminophen injection were significantly decreased compared to those in the positive control group.

Conclusion: Oral intake of Omega-3,6,9 may reduce the risk of acetaminophen-induced liver damage.
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Introduction
The liver is the most critical organ responsible for the me-
tabolism and detoxification of several medications; how-
ever, it can also be affected by several side effects or medi-
cation toxicity that can cause liver damage. Although some 

medications have little to no metabolism within the liver, 
most pharmaceuticals undergo some liver metabolism be-
fore being excreted by the kidneys or bile (Al-Rikabi and 
Alshawi 2016). Drug-induced hepatotoxicity is a severe 
condition, now the primary factor in hepatic dysfunction 
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and accounting for 20–40% of liver transplant cases in the 
US. These medications use different mechanisms, includ-
ing oxidative stress, fatty acid peroxidation, fat buildup, 
antibody-mediated cytotoxicity, and apoptosis, to damage 
liver cells (Mahmood and Askar 2022).

Acetaminophen, also known as N-acetyl-para-amino-
phenol (APAP), is one of the most frequently utilized med-
ications and is relatively safe compared to other non-steroi-
dal anti-inflammatory drugs. However, an APAP overdose 
can cause various liver problems, including increased liver 
enzymes, abrupt liver failure, and hepatic encephalopathy 
(Hameed and Hassan 2022). At the therapeutic level, the 
primary metabolic pathways of APAP involve conjugation 
with glucuronic acid and sulfate, which are then excreted 
in the urine (McGill andJaeschke 2013). However, a tiny 
amount of APAP can be oxidized by cytochrome P450 
(CYP450) activity to form the potentially reactive molecule 
N-acetyl-p-benzoquinone imine (NAPQI). NAPQI is large-
ly processed by CYP2E1 and subsequently combined with 
hepatic glutathione before being eliminated in the urine 
(Zaher et al. 1998; Ramachandran and Jaeschke 2017).

Large doses of APAP can lead to glutathione depletion 
due to increased NAPQI synthesis and saturation of its 
main metabolic pathways (glucuronidation and sulfation) 
(Zaher et al. 1998; Ghanem 2016). NAPQI is then attached 
to macromolecules in the liver, leading to irreversible he-
patic necrosis (Hamad 2016; Al-Kuraishy 2019). Severity of 
liver injury is indicated by changes in multiple hepatic in-
dicators, such as serum alanine aminotransferase (SALT), 
serum aspartate aminotransferase (SAST), and serum al-
kaline phosphatase (SALP) (Al-Razzuqi 2012). Liver dam-
age results in a severe inflammatory process characterized 
by an increase in cell inflow and production and release 
of inflammatory mediators, primarily tumor necrosis fac-
tor-alpha (TNF-alpha ) (Martin-Murphy 2010; Kim et al. 
2013). TNF-alpha is a crucial regulator that affects inflam-
mation in various ways by causing the release of other cyto-
kines and chemokines. N-acetylcysteine (NAC) is utilized 
as a therapy for APAP toxicity to avoid cell damage from 
NAPQI and enhance clinical outcomes (Smilkstein 1988).

Omega-3 fatty acids are utilized by the human body to 
make anti-inflammatory molecules called prostaglandins, 
which help the body maintain balance, particularly in the 
digestive system. These acids are essential for maintaining 
proper joint and brain function. Although omega-3s are 
generally beneficial, they can cause side effects when used in 
large quantities. Doctors recommend increasing omega-3 in-
take from fish or fish oil supplements to treat inflammatory 
conditions such as arthritis and chronic pain. However, some 
believe the risks of taking too much fish oil outweigh the ben-
efits. This leads to the question of whether fish oil is a safe and 
effective way to manage inflammation (Al-hussainy 2022).

Omega-3 fatty acids are known to be beneficial in repair-
ing damage caused by free radicals – harmful molecules that 
can damage cell structures. These radicals are naturally pro-
duced by the body during normal metabolic processes and 
are also introduced through environmental factors such as 
pollution and sun exposure. They lead to inflammation as 
the body tries to fight off the damage caused by them. Stud-

ies have shown that fish oil can reduce free radical damage 
in the body by up to 50 percent. This effect makes fish oil 
an important component of anti-aging products as it helps 
preserve youthful skin and prevent wrinkles and sagging.

Apart from reducing free radical damage, omega-3s in-
hibit COX-1 and COX-2 enzymes in certain bodily process-
es. COX-1 enzymes produce inflammatory prostaglandins in 
response to bodily trauma or damage, while COX-2 enzymes 
produce protective prostaglandins during normal metabolic 
processes. Though both COX enzymes are essential for bodi-
ly function, excessive COX activity leads to excess inflam-
mation. Fish oil helps regulate these enzymes and reduce 
unwanted inflammation, thereby protecting cells and tissues 
from damage caused by free radicals or bodily trauma.

Another way omega-3s decrease inflammation is by 
protecting the liver from damage and reducing liver dam-
age caused by drug toxicity (Al-hussainy 2022).

Drug toxicity occurs when a person takes too much of 
a particular drug or combines drugs that negatively inter-
act with each other. Doctors may recommend increasing 
omega-3 intake from fish or fish oil supplements to treat 
inflammatory conditions such as arthritis and chronic 
pain (Aljuboury and Al-Shawi 2022). However, some be-
lieve this method is ineffective at reducing liver damage 
caused by drug toxicity or bodily trauma.

The body requires dietary lipids because they are critical 
to all biological systems. Except for long-chain fatty acids 
(FAs), which are classified into the Omega-3, Omega-6, 
and Omega-9 categories, all lipids may be synthesized by 
humans (Alexander 1998; Alhusseiny and El-Beshbishi 
2020). When the body has adequate Omega-3 and Ome-
ga-6, it can create oleic acid (OA), a non-essential FA that 
belongs to the Omega-9 family (Elbossaty 2018).

Omega-3 fatty acids can stimulate or suppress the 
creation of pro- and/or anti-inflammatory cell signaling 
molecules and have been reported as agents that modulate 
inflammation. In a recent randomized controlled experi-
ment, Omega-3 polyunsaturated fatty acid supplementa-
tion decreased blood proinflammatory cytokines (John-
son and Bradford 2014). Cod liver oil (CLO) contains 
omega-3 fatty acids and is crucial for maintaining normal 
health. Numerous studies have verified several beneficial 
effects of dietary n-3 PUFA, such as immunological re-
sponse, lipid peroxidation, and antioxidative characteris-
tics. Omega-3 PUFAs have been shown to have anti-in-
flammatory effects (Abdulwahid et al. 2016).

Methods

A total of thirty-five albino male mice, weighing 25–33 g, 
were used in this study. They were obtained and housed 
in the Animal House at the College of Pharmacy, Univer-
sity of Baghdad, under standardized conditions of tem-
perature, humidity, and light/dark cycles. The mice were 
provided with regular pellet food and unlimited access to 
tap water. The experimental protocol was reviewed and 
approved by the scientific and ethical committee of the 
College of Pharmacy, University of Baghdad.
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Acetaminophen (APAP) and Omega 369

Paracetamol ampoule of 500 mg/5 mL was purchased 
from Ajanta Pharma Limited (India) and Omega 369 was 
purchased from Adrien Gagnon, Canada.

Experimental design

Thirty-five albino male mice were divided randomly and 
equally into five groups and received their treatment as follows:

•	 Group 1 – (Negative control) received liquid paraf-
fin 10 ml/kg by oral gavage for 10 successive days, 
followed by a single intraperitoneal injection (IP) 
10ml/kg normal saline on day 11 of the experiment.

•	 Group 2 – (Positive control) received liquid paraf-
fin 10 ml/kg by oral gavage for 10 successive days, 
followed by a single intraperitoneal injection (IP) of 
400 mg/kg/10ml APAP on day 11 of the experiment 
(Nikravesh et al. 2018).

•	 Group 3 – Treated with Omega 369 (50 mg/
kg/80ml) by oral gavage for 10 successive days, fol-
lowed by a single intraperitoneal injection (IP) of 
400 mg/kg/10ml APAP on day 11 of the experiment.

•	 Group 4 – Treated with Omega 369 (100 mg/kg/35 
ml ) by oral gavage for 10 days, followed by a sin-
gle intraperitoneal injection (IP) of 400 mg/kg/10ml 
APAP on day 11 of the experiment.

•	 Group 5 – Treated with NAC (100 mg/kg/10 ml ) by 
oral gavage for 10 days, followed by a single intra-
peritoneal injection (IP) of 400 mg/kg/10ml APAP 
on day 11 of the experiment (Nikravesh et al. 2018).

Blood samples were obtained, serum was made, and mice’s 
blood serum was tested for the level of alanine aminotrans-
ferase (ALT) ,aspartate aminotransferases (AST), tumor ne-
crosis factor alpha (TNF-alpha) and interleukin 10 (IL10) 
after the animals in each group had been receiving thera-
py for 24 hours (Nikravesh et al. 2018). An enzyme-linked 
immunosorbent assay (ELISA) was used to measure TNF-α 
and IL10 level  according to the instructions given on the kit 
by the manufacturer (MyBiosource, Inc, USA). The colori-
metric method was used to measure concentration of  (ALT) 
and (AST) according to the instructions given on the kit by 
the manufacturer (LINEAR CHEMICALS, SPAIN).

Statistical analysis

The investigation results are shown as mean and standard 
deviation (SD). The statistical analysis used the Statistical 
Package for the Social Sciences, version 25. (SPSS). An un-
paired t-test was used to gauge the statistical significance be-
tween groups. At P< 0.05, statistics were deemed significant.

Results

The liver was shown in this investigation to be adversely 
affected by (APAP), but Omega 369 was shown to coun-

teract that effect. Fig. 1 reveals that TNF-α, IL10, AST, and 
ALT levels in the positive control group were significantly 
increased (P < 0.05) compared to those in the negative con-
trol group. Omega 369 at a dose (50 mg/kg), Omega 369 at 
a dose (100 mg/kg), and NAC (100 mg/kg) as a prophylac-
tic treatment produced significant reduction (P < 0.05) in 
TNF-α, IL-10, AST and ALT levels as compared to those 

Figure 1.  Effect of APAP, Omega 369, and NAC on (a) tumor 
necrosis factor-alpha (TNF-α) pg/ml (b) Interleukin 10 (IL-10) 
ng/ml (c) aspartate aminotransferase (AST) ng/ml (d) alanine 
aminotransferase (ALT) ng/ml. Values are mean±SD, n = 7; when 
compared to the negative control group, the use of superscript (*) 
reveals a significant variation (P<0.05). The superscript (#) de-
notes a significant difference (P< 0.05) compared to the Positive 
Control group. The difference between groups 3 and 4 is shown 
in superscripts (a, b) as being statistically significant (P < 0.05).

a

b

c

d
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in the positive control group. Furthermore, TNF-α, IL-10, 
AST, and ALT levels in mice given Omega 369 (50 mg/
kg) and Omega 369 (100 mg/kg) were significantly differ-
ent (P < 0.05) when comparing them. At the same time, a 
nonsignificant difference (p > 0.05) was observed in mice 
given NAC (100 mg/kg) when comparing TNF-α and ALT 
levels with those in negative control group.

Discussion

(APAP) overdose is a significant contributor to self-poi-
soning due to its easy accessibility and availability. Accord-
ing to reports, (APAP) is the drug that people intention-
ally or unintentionally overdose on the most across many 
nations (Gunnell et al. 1997; Taima 2023). An earlier study 
showed that oxidative stress is related to the development 
of (APAP) toxicity through the formation of the reactive 
compound NAPQI, resulting in peroxidation of lipids, 
antioxidant attenuation, mitochondrial dysfunction, and 
ultimately DNA damage and cell death by necrosis (Mo-
hamed Kamel et al. 2022).

The current study discovered that mice in the positive 
control group had significantly higher TNF-α levels than 
those in the negative control group, indicating a severe in-
flammatory response. This finding is consistent with ear-
lier studies that showed liver damage caused by (APAP) 
was associated with a significant rise in serum TNF-α lev-
els (Fu et al. 2018; Bian et al. 2019). Hepatocyte necrosis 
brought on by (APAP)-induced oxidative stress triggers 
the influx of inflammatory cells and the inflammatory re-
sponse (Du et al. 2016). Damage-associated molecular pat-
terns (DAMPs) produced by necrosis in hepatocytes are 
detected by TLR4 and TLR9 (Mihm 2018), activating the 
innate immune system and releasing excessive amounts of 
inflammatory mediators like TNF-α and other cytokines, 
ultimately causing severe hepatic injury (Yang et al. 2019).

According to this study, the positive control group’s 
IL-10 level was also significantly higher than the negative 
control group’s. Hepatocytes, sinusoidal endothelial cells, 
and Kupffer cells all contribute to producing the potent 
anti-inflammatory cytokine known as IL-10 in the liver. 
In chronic liver disorders, it is unmistakably linked to pro-
tective roles, and it is increased in several circumstances 
during liver inflammation (Hammerich and Tacke 2014).

Given that IL10 has been shown to protect the liver 
from drug-induced liver damage, the upregulation of IL-
10 in this study was an accurate reflection of the liver’s im-
munoreactive reaction to (APAP)-induced hepatotoxicity 
(Bourdi et al. 2002). This result is in line with earlier stud-
ies that looked at the hepatoprotective effects of carnosine 
and histidine on (APAP)-induced liver injury in mice and 

discovered a considerable rise in IL-10 levels following 
high dosage (APAP) administration (Yan et al. 2009).

In the present study, a single dose of APAP caused dam-
age to liver cells, which was linked to a significant increase 
in serum ALT and AST activity levels. In contrast, Omega 
369 resulted in a significant decrease in these levels. This 
may be attributable to the anti-inflammatory properties 
of Omega 369. The present study’s findings are consistent 
with previous research (Yoon et al. 2006; Forouzandeh  et 
al. 2015; Majeed and Al-Shawi 2019).

Additionally, NAC at a dose of 100 mg/kg significantly 
attenuated the APAP intoxication-related increases in the 
activity level of these two enzymes. Elevated serum activ-
ity levels of AST and ALT have been linked to liver tissue 
dysfunctions since they are normally found in the cyto-
plasm and leak into the circulation as a result of cellular 
damage (Abdelkader et al. 2020; Al-Hussaniy  et al. 2022; 
Al-Kuraishy et al. 2022; Naji et al. 2022). Normalizing 
these two enzymes’ serum activity levels by Omega 369 
suggests liver cell protection. Injury brought on by APAP’s 
free radical metabolites (Aljuboury and Al-Shawi 2022; 
Mohammed and Hossain 2022) and the liver’s defense 
against free radical production or antioxidant activity is 
crucial in preventing APAP-induced liver damage (Forou-
zandeh et al. 2013; Shaaban et al. 2023).

Pretreatment of mice with Omega 369 at doses of 50 
and 100 mg/kg against APAP-induced acute hepatotox-
icity suggests that Omega 369 mitigates liver damage 
through anti-inflammatory action. The increase of EPA 
and DHA reduces the concentration of arachidonic acid 
(AA) and lowers several series of inflammatory reactions 
(Ibrahim et al. 2021; Awad and Elsahar 2022).

Conclusion

According to this investigation’s findings, it is clear that 
omega-3s have anti-inflammatory properties that prevent 
overall bodily damage when taken in moderation. Al-
though some believe they are not always effective at pre-
venting all types of damage, they decrease inflammation 
and lower the risk of bodily trauma. It can be inferred that 
Omega 369 can reduce signs of inflammation through 
significant reduction of TNF alpha , IL 10, ALT and AST 
levels in  blood serum of mice.

Acknowledgments

The authors wish to express their deep thanks to the Col-
lege of Pharmacy, University of Baghdad, for the coopera-
tion and support of this work.

References
Abdelkader NF, Elyamany M, Gad AM, Assaf N, Fawzy HM, Elesawy 

WH (2020) Ellagic acid attenuates liver toxicity induced by valpro-
ic acid in rats. Journal of Pharmacological Sciences 143(1): 23–29. 
https://doi.org/10.1016/j.jphs.2020.01.007

https://doi.org/10.1016/j.jphs.2020.01.007


Pharmacia 70(3): 419–424 423

Abdulwahid M, Zahid A, Kadhum M (2016) Effect of vitamin e and 
cod liver oil supplement with bivalent oil based vaccine of newcas-
tle disease and Infectious bronchitis disease on immune response of 
the broilers. Iraqi Journal of Agricultural Sciences 47(3): 892–899. 
https://doi.org/10.36103/ijas.v47i3.582

Al-Hussaniy HA, Mohammed ZN, Alburghaif AH, Naji MA (2022) 
Panax ginseng as Antioxidant and Anti-inflammatory to reduce 
the Cardiotoxicity of Doxorubicin on rat module. Research Jour-
nal of Pharmacy and Technology 15(10): 4594–4600. https://doi.
org/10.52711/0974-360X.2022.00771

Al-hussainy HA, AL-Biati HA, Ali IS (2022) The effect of nefopam hy-
drochloride on the liver, heart, and brain of rate. Journal of Phar-
maceutical Negative Results 13(3): e393. https://doi.org/10.47750/
pnr.2022.13.03.061

Aljuboury RA, Al-Shawi NN (2022) Anti-obesity effect of simvasta-
tin and omega-3 and its combination on obese model male Wis-
tar rats: Effect of simvastatin, omega-3 and their combination on 
UCP1. Iraqi Journal of Pharmaceutical Sciences 31(2): 101–112. 
[P-ISSN 1683-3597 E-ISSN 2521-3512] https://doi.org/10.47750/
pnr.2022.13.03.061

Al-Kuraishy HM, Al-Gareeb AL, Naji HA (2019) Febuxostat modulates 
oxidative and apoptotic pathways in acute doxorubicin-induced 
cardiotoxicity: an experimental animal model study. Asian Journal 
of Pharmaceutical and Clinical Research 12(4): 73–76. https://doi.
org/10.22159/ajpcr.2019.v12i4.31162

Al-Kuraishy HM, Al-Hussaniy HA, Al-Gareeb AI, Negm WA, El-Kadem 
AH, Batiha GE, Welson NN, Mostafa-Hedeab G, Qasem AH, Con-
te-Junior CA (2022) Combination of panax ginseng ca mey and 
febuxostat boasted cardioprotective effects against doxorubicin-in-
duced acute cardiotoxicity in rats. Frontiers in Pharmacology 13: 
e905828. https://doi.org/10.3389/fphar.2022.905828

Al-Razzuqi R, Al-Jawad F, Al-Hussaini J, Al-Jeboori A (2012) Hepato-
protective effect of Glycyrrhiza glabra in carbon tetrachloride-in-
duced model of acute liver injury. Journal of Physiology and Phar-
macology 2(7): 259–263.

Al-Rikabi AK, Alshawi NN (2016) Impacts of simultaneous administra-
tion of omega-3 fatty acids with amoxicillin/clavulanic acid on albino 
rats’ liver and bile. International Journal of Pharmaceutical Sciences 
and Research 41(2): 1–5.

Alexander JW (1998) Immunonutrition: the role of ω-3 fatty ac-
ids. Nutrition 14(7–8): 627–633. https://doi.org/10.1016/S0899-
9007(98)00004-5

Alhusseiny SM, El-Beshbishi SN (2020) Omega polyunsaturated fatty ac-
ids and parasitic infections: An overview. Acta tropica 207: e105466. 
https://doi.org/10.1016/j.actatropica.2020.105466

Awad MM, Elsahar MI (2022) Asymptomatic bacterial infection in 
pregnancy: A new update: Asymptomatic Bacterial infection in preg-
nancy. Medical and Pharmaceutical Journal 1(2): 1–9. https://doi.
org/10.55940/medphar20228

Bian X, Wang S, Liu J, Zhao Y, Li H, Zhang L, Li P (2019) Hepatoprotec-
tive effect of chiisanoside against acetaminophen-induced acute liver 
injury in mice. Natural product research 33(18): 2704–2707. https://
doi.org/10.1080/14786419.2018.1460841

Bourdi M, Masubuchi Y, Reilly TP, Amouzadeh HR, Martin JL, George 
JW, Shah AG, Pohl LR (2002) Protection against acetaminophen-in-
duced liver injury and lethality by interleukin 10: role of induc-
ible nitric oxide synthase. Hepatology 35(2): 289–298. https://doi.
org/10.1053/jhep.2002.30956

Du K, Ramachandran A, Jaeschke H (2016) Oxidative stress during 
acetaminophen hepatotoxicity: Sources, pathophysiological role 
and therapeutic potential. Redox biology 10: 148–156. https://doi.
org/10.1016/j.redox.2016.10.001

Elbossaty WF (2018) Clinical influence of triple omega fatty acids (Ome-
ga-3, 6, 9). Biomedical Journal of Scientific & Technical Research 
6(3): 5332–5334. https://doi.org/10.26717/BJSTR.2018.06.001365

Forouzandeh H, Azemi ME, Rashidi I, Goudarzi M, Kalantari H (2013) 
Study of the protective effect of Teucrium polium L. extract on acet-
aminophen-induced hepatotoxicity in mice. Iranian journal of phar-
maceutical research 12(1): e123.

Fu T, Wang S, Liu J, Cai E, Li H, Li P, Zhao Y (2018) Protective effects 
of α-mangostin against acetaminophen-induced acute liver injury in 
mice. European journal of pharmacology 827: 173–180. https://doi.
org/10.1016/j.ejphar.2018.03.002

Ghanem CI, Pérez MJ, Manautou JE, Mottino AD (2016) Acetamino-
phen from liver to brain: New insights into drug pharmacological 
action and toxicity. Pharmacological research 109: 119–131. https://
doi.org/10.1016/j.phrs.2016.02.020

Gunnell D, Hawton K, Murray V, Garnier R, Bismuth C, Fagg J, Simkin 
S (1997) Use of paracetamol for suicide and non-fatal poisoning in 
the UK and France: are restrictions on availability justified? Journal 
of Epidemiology & Community Health 51(2): 175–179. https://doi.
org/10.1136/jech.51.2.175

Hamad ZM (2016) Protective role of Nigella sativa oil on renal damage 
induced by acetaminophen in male rats. The Iraqi Journal of Vet-
erinary Medicine 40(2): 77–81. https://doi.org/10.30539/iraqijvm.
v40i2.116

Hameed HA, Hassan AF (2022) The prophylactic anti-inflammatory 
effect of Omega-7 against paracetamol-induced liver injury in rats. 
The Iraqi Journal of Veterinary Medicine 46(2): 43–47. https://doi.
org/10.30539/ijvm.v46i2.1412

Hammerich L, Tacke F (2014) Interleukins in chronic liver disease: les-
sons learned from experimental mouse models. Clinical and Exper-
imental Gastroenterology 2014: 297–306. https://doi.org/10.2147/
CEG.S43737

Ibrahim MA, Khudhair AR, AL-shawi NN (2021) Possible protective 
effects of omega 3, diazepam and their combination against yohim-
bine-induced clonic seizure in mice: comparative study. Iraqi Journal 
of Pharmaceutical Sciences 30(2): 241–248. https://doi.org/10.31351/
vol30iss2pp241-248

Johnson M, Bradford C (2014) Omega-3, omega-6 and omega-9 fatty 
acids: implications for cardiovascular and other diseases. Jour-
nal of Glycomics & Lipidomics 4(123): 2153–0637. https://doi.
org/10.4172/2153-0637.1000123

Kim YR, Lee NJ, Ban JO, Yoo HS, Lee YM, Yoon YP, Eum SY, Jeong HS, 
Yoon D-y, Han SB, Hong JT (2013) Curative effects of thiacremonone 
against acetaminophen-induced acute hepatic failure via inhibition 
of proinflammatory cytokines production and infiltration of cytotox-
ic immune cells and Kupffer cells. Evidence-Based Complementary 
and Alternative Medicine. https://doi.org/10.1155/2013/974794

Mahmood SK, Askar SJ (2022) Study the hepatoprotective effects and 
oxidant-antioxidant status of beta vulgaris roots ethanolic extract in 
hepatotoxic rats induced by acetaminophen. International Journal 
of Health Sciences 6(S5): 1385–1403. https://doi.org/10.53730/ijhs.
v6nS5.8975

Martin-Murphy BV, Holt MP, Ju C (2010) The role of damage associ-
ated molecular pattern molecules in acetaminophen-induced liv-

https://doi.org/10.36103/ijas.v47i3.582
https://doi.org/10.52711/0974-360X.2022.00771
https://doi.org/10.52711/0974-360X.2022.00771
https://doi.org/10.47750/pnr.2022.13.03.061
https://doi.org/10.47750/pnr.2022.13.03.061
https://doi.org/10.47750/pnr.2022.13.03.061
https://doi.org/10.47750/pnr.2022.13.03.061
https://doi.org/10.22159/ajpcr.2019.v12i4.31162
https://doi.org/10.22159/ajpcr.2019.v12i4.31162
https://doi.org/10.3389/fphar.2022.905828
https://doi.org/10.1016/S0899-9007(98)00004-5
https://doi.org/10.1016/S0899-9007(98)00004-5
https://doi.org/10.1016/j.actatropica.2020.105466
https://doi.org/10.55940/medphar20228
https://doi.org/10.55940/medphar20228
https://doi.org/10.1080/14786419.2018.1460841
https://doi.org/10.1080/14786419.2018.1460841
https://doi.org/10.1053/jhep.2002.30956
https://doi.org/10.1053/jhep.2002.30956
https://doi.org/10.1016/j.redox.2016.10.001
https://doi.org/10.1016/j.redox.2016.10.001
https://doi.org/10.26717/BJSTR.2018.06.001365
https://doi.org/10.1016/j.ejphar.2018.03.002
https://doi.org/10.1016/j.ejphar.2018.03.002
https://doi.org/10.1016/j.phrs.2016.02.020
https://doi.org/10.1016/j.phrs.2016.02.020
https://doi.org/10.1136/jech.51.2.175
https://doi.org/10.1136/jech.51.2.175
https://doi.org/10.30539/iraqijvm.v40i2.116
https://doi.org/10.30539/iraqijvm.v40i2.116
https://doi.org/10.30539/ijvm.v46i2.1412
https://doi.org/10.30539/ijvm.v46i2.1412
https://doi.org/10.2147/CEG.S43737
https://doi.org/10.2147/CEG.S43737
https://doi.org/10.31351/vol30iss2pp241-248
https://doi.org/10.31351/vol30iss2pp241-248
https://doi.org/10.4172/2153-0637.1000123
https://doi.org/10.4172/2153-0637.1000123
https://doi.org/10.1155/2013/974794
https://doi.org/10.53730/ijhs.v6nS5.8975
https://doi.org/10.53730/ijhs.v6nS5.8975


Mohammed YH & Hassan AF: Omega 369 against acetaminophen-induced hepatotoxicity in mice424

er injury in mice. Toxicology letters 192(3): 387–394. https://doi.
org/10.1016/j.toxlet.2009.11.016

McGill MR, Jaeschke H (2013) Metabolism and disposition of acetamin-
ophen: recent advances in relation to hepatotoxicity and diagnosis. 
Pharmaceutical research 30(9): 2174–2187. https://doi.org/10.1007/
s11095-013-1007-6

Majeed IA, Al-Shawi NN (2019) Effects of omega-3 co-administered 
with therapeutic dose of lornoxicam on male rats’ liver. Iraqi Jour-
nal of Pharmaceutical Sciences 28(2): 159–164. [P-ISSN 1683-3597 
E-ISSN 2521-3512] https://doi.org/10.31351/vol28iss2pp159-164

Mihm S (2018) Danger-associated molecular patterns (DAMPs): molecular 
triggers for sterile inflammation in the liver. International journal of mo-
lecular sciences 19(10): e3104. https://doi.org/10.3390/ijms19103104

Mohamed Kamel GA, Harahsheh E, Hussein S (2022) Diacerein amelio-
rates acetaminophen hepatotoxicity in rats via inhibiting HMGB1/
TLR4/NF-κB and upregulating PPAR-Î³ signal. Molecular Biology 
Reports: 5863–5874. https://doi.org/10.1007/s11033-022-07366-5

Mohammed ZS, Hossain AO (2022) Study the effects of anadrol over-
dose on liver function in male rats. Iraqi Journal of Pharmaceuti-
cal Sciences 31(1): 65–71. [P-ISSN 1683-3597 E-ISSN 2521-3512] 
https://doi.org/10.31351/vol31iss1pp65-71

Naji MA, Alburghaif AH, Saleh NK, Al-hussaniy H (2022) Patient ex-
pectations regarding consultation with a family doctor: a cross-sec-
tional study. Medical and Pharmaceutical Journal 1(1): 35–40.

Nikravesh H, Khodayar MJ, Mahdavinia M, Mansouri E, Zeidooni L, 
Dehbashi F (2018) Protective effect of gemfibrozil on hepatotoxicity 
induced by acetaminophen in mice: the importance of oxidative 
stress suppression. Advanced pharmaceutical bulletin 8(2): e331. 
https://doi.org/10.15171/apb.2018.038

Ramachandran A, Jaeschke H (2017) Mechanisms of acetaminophen 
hepatotoxicity and their translation to the human pathophysiology. 

Journal of Clinical and Translational Research 3(1): e157. https://doi.
org/10.18053/jctres.03.2017S1.002

Shaaban SM, Gaber Z, Semary S, Dewidar AM (2023) Impact of vitamin 
B12 on outcome of early stage luminal A and B breast cancer, single 
center experience. Medical and Pharmaceutical Journal 2(1): 17–27. 
https://doi.org/10.55940/medphar202227

Smilkstein MJ, Knapp GL, Kulig KW, Rumack BH (1988) Efficacy of 
oral N-acetylcysteine in the treatment of acetaminophen overdose. 
New England Journal of Medicine 319(24): 1557–1562. https://doi.
org/10.1056/NEJM198812153192401

Taima RK (2023) Idiopathic recurrent pregnancy loss related with GPIa 
gene in Iraqi patient women. Medical and Pharmaceutical Journal 
2(1): 65–74. https://doi.org/10.55940/medphar202326

Yan Sl, Wu St, Yin Mc, Chen Ht, Chen Hc (2009) Protective effects from 
carnosine and histidine on acetaminophen‐induced liver injury. 
Journal of Food Science 74(8): H259–H265. https://doi.org/10.1111/
j.1750-3841.2009.01330.x

Yang S, Kuang G, Jiang R, Wu S, Zeng T, Wang Y, Xu F, Xiong L, Gong X, 
Wan J (2019) Geniposide protected hepatocytes from acetaminophen 
hepatotoxicity by down-regulating CYP 2E1 expression and inhibit-
ing TLR 4/NF-κB signaling pathway. International immunopharma-
cology 74: e105625. https://doi.org/10.1016/j.intimp.2019.05.010

Yoon MY, Kim SJ, Lee B-H, Chung J-H, Kim YC (2006) Effects of di-
methylsulfoxide on metabolism and toxicity of acetaminophen in 
mice. Biological and Pharmaceutical Bulletin 29(8): 1618–1624. 
https://doi.org/10.1248/bpb.29.1618

Zaher H, Buters JT, Ward JM, Bruno MK, Lucas AM, Stern ST, Cohen 
SD, Gonzalez FJ (1998) Protection against acetaminophen tox-
icity in CYP1A2 and CYP2E1 double-null mice. Toxicology and 
applied pharmacology 152(1): 193–199. https://doi.org/10.1006/
taap.1998.8501

https://doi.org/10.1016/j.toxlet.2009.11.016
https://doi.org/10.1016/j.toxlet.2009.11.016
https://doi.org/10.1007/s11095-013-1007-6
https://doi.org/10.1007/s11095-013-1007-6
https://doi.org/10.31351/vol28iss2pp159-164
https://doi.org/10.3390/ijms19103104
https://doi.org/10.1007/s11033-022-07366-5
https://doi.org/10.31351/vol31iss1pp65-71
https://doi.org/10.15171/apb.2018.038
https://doi.org/10.18053/jctres.03.2017S1.002
https://doi.org/10.18053/jctres.03.2017S1.002
https://doi.org/10.55940/medphar202227
https://doi.org/10.1056/NEJM198812153192401
https://doi.org/10.1056/NEJM198812153192401
https://doi.org/10.55940/medphar202326
https://doi.org/10.1111/j.1750-3841.2009.01330.x
https://doi.org/10.1111/j.1750-3841.2009.01330.x
https://doi.org/10.1016/j.intimp.2019.05.010
https://doi.org/10.1248/bpb.29.1618
https://doi.org/10.1006/taap.1998.8501
https://doi.org/10.1006/taap.1998.8501

	Evaluation the anti-inflammatory effect of Omega 369 against acetaminophen-induced hepatotoxicity in mice
	Abstract
	Introduction
	Methods
	Acetaminophen (APAP) and Omega 369
	Experimental design
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	References

