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ABSTRACT

Keywords

The most prominent over-the-counter antipyretic-analgesic drug is paracetamol (n-AcetylPara-Amino-Phenol, APAP). This study attempted to examine whether allicin (AC) and/or
Omega-3 fatty acids (O3FA) could protect rats from the liver damage induced by APAP.
Seventy rats were randomly distributed into seven groups (n=10): Control (saline), AC group
received allicin (10 mg/kg, PO), O3FA group given omega-3 (100 mg/kg, PO), APAP group
given paracetamol (1000 mg/kg, PO single dose on the 27th day), AC+APAP group received
AC (10mg/kg) for 30 days and then given single dose of paracetamol on the 27th day (1000
mg/kg, PO), O3FA+APAP group received O3FA (100 mg/kg) for 30 days and then given
single dose of paracetamol on the 27th day (1000 mg/kg, PO), and AC+O3FA+APAP group
received O3FA (100 mg/kg) and AC (10 mg/kg) for 30 days and then given single dose of
paracetamol on the 27th day (1000 mg/kg, PO). APAP had a significant negative impact on
haematological and serum biochemical markers suggested that hepatic injury occurred in
response to the APAP exposure. Histopathological examination of liver sections confirmed this
hepatic damage where hepatic denegeration and necrosis were evident after APAP treatment.
Allicin and/or omega 3 fatty acids treatment restore hepatic tissue architecture after treatment.
Thus, pre-treatment with AC and O3FA alone or in combination was effective to reduce hepatic
injury in APAP-intoxicated rats.
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1. INTRODUCTION
Liver is the most vital organ in the body because it performs
numerous biological functions during the metabolism of
substances such as drugs, carbohydrates, proteins, and lipids
(Islam et al., 2021). The primary causes of APAP-induced
hepatotoxicity are hepatic cytochrome P-450, which
produce N-acetyl-p-benzoquinoneimine (NAPQI) (Wang et
al., 2017). NAPQI levels rise after an APAP overdose, which
lowers cellular glutathione levels (GSH), alters
mitochondrial proteins, causes mitochondrial oxidative
stress, and ultimately leads to a high amount of reactive
oxygen species (ROS) as superoxide anions (Ebada, 2018).
Several studies recorded the hepatic toxicity of paracetamol
(Jaeschke et al., 2020; Sinaga et al., 2021; Elshal and
Abdelmageed, 2022).
More and more people are using herbal medications made
from plant extracts that have natural antioxidant and
pharmacological properties to counteract the potentially
toxic effects of chemical agents like paracetamol. (Wu et al.,
2017).
The predominant biologically active component derived
from garlic is allicin, which is a diallylthiosulfinate (Wang
et al., 2015). Alliinase catalyses the transformation of Sallylcysteine sulfoxide into diallylthiosulfinate or allicin
once garlic has been damaged (Borlinghaus et al., 2014). A
thiosulfinate compounds called allicin has a wide range of
pharmacological and biological effects, including,
antimicrobial (Reiter et al., 2017), hepatoprotective (Yang et

al., 2017), nephroprotective (Abdel-Daim et al., 2019), and
antioxidant effects (Saleh et al., 2021).
In addition to scavenging oxygen free radicals and hydroxyl
radicals, the natural antioxidant allicin also inhibits the liver
homogenates' lipids from oxidizing due to hydroxyl radicalinduced lipid peroxidation (Chung et al., 2013). Allicin has
been demonstrated to have hepatoprotective effects against
paracetamol-induced hepatic damage (Samra et al., 2020) by
inhibiting apoptosis, lowering the inflammasome pathway
and reducing oxidative stress. Consequently, allicin may be
a cutting-edge strategy in order to resist the development of
APAP-caused hepatotoxicity (Samra et al., 2020).
Long-chain fatty acids called omega-3 polyunsaturated fatty
acids are distinguished by the presence of a double bond at
the third carbon atom of the hydrocarboxylic chain counted
from the methyl end (Calder, 2018). The highest sources of
docosahexanoic acid (DHA) and eicosatetranoic acid (EPA)
are fish (particularly oily fish) and other seafood, despite the
fact that these very long chain fatty acids can be found in a
wide variety of foods (Scorletti and Byrne, 2018).
The DHA and EPA that are biochemically active
downstream fatty acids from omega-3 fatty acids, are
metabolised to anti-inflammatory and proresolving
mediators (Calder, 2012). They have a number of different
hypothesised modes of action, but the most important ones
would include regulating cell proliferation, controlling fatty
acid metabolism, preventing lipogenesis, and lowering
inflammation and oxidative stress. (Wang et al., 2017).
Therefore, the current study attempts to elucidate the
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preventive role of AC and/or O3FA in preventing liver
damage caused by APAP.

The liver tissue from each rat was fixed quickly in 10%
neutral-buffered formalin for histopathology. The liver were
progressively dehydrated, embedded in paraffin, cut into 5μm sections, and stained with the hematoxylin and eosin
(H&E) for histological inspection according to the method
described by Bancroft and Gamble (2008). Finally, light
microscopy was used to examine liver tissue sections (Leica,
Germany).

2. MATERIAL AND METHODS
2.1. Chemicals:
Paracetamol (APAP, 1 g) was bought as Panadol® from
GlaxoSmithKline Pharmaceuticals Company (Brentford,
United Kingdom). Allicin, was bought as pure powder (35%
Conc.) from Delta Vet Center (Cairo, Egypt). Omega-3 fatty
acids, was bought as pure fish oil (Conc.100%) from Sigma
Pharmaceutical Industries (Cairo, Egypt). The used kits were
bought from Bio-diagnostic Company (Giza, Egypt).

2.8. Statistical analysis:
Statistical analysis was carried out using SPSS (Version 20;
SPSS Inc., Chicago, USA). The significant divergence
through multiple groups comparisons were analyzed by oneway ANOVA and Duncan test as a post hoc test was used.
All values are expressed as mean ± SE, with significance
considered at P ≤ 0.05.

2.2. Experimental animals:
Seventy male albino Wister rats, 2 months age weighing
160-200 gm were obtained from the Center of Laboratory
Animals, Faculty of Veterinary Medicine, Benha University,
Egypt. Prior to the experiment, the rats were left for
acclimatization for 14 days (temperature 25°C) and were fed
ideal laboratory commercial diet and water ad libitum.
Ethical approval from Animals Care and Use Committee
Research Ethics Board was obtained from Faculty of
Veterinary Medicine, Benha University (BUFVTM 07–0322).

3. RESULTS
3.1. Hematological examination:
Figure 1 depicts the haematological analysis results. When
compared to the control group, exposure to APAP
significantly reduced the values of RBC counts, Hb
concentrations, Plateletes counts (PL), and packed cell
volumes (PCV), while increasing the values of WBC counts.
Allicin and/or omega3 administration reduced the harmful
effects of APAP by reversing these changes in
haematological parameters to the values observed in control
rats.

2.3. Experimental design:
Rats were divided into 7 equal groups (10 rats in each
group). Group 1 (Control); had been given distilled water.
Group (2); AC (10 mg/kg b.wt, orally). Group (3); O3FA
(100 mg/kg b.wt, orally). These doses of AC according to
Samra et al. (2021) and for O3FA (El-Gendy et al. 2021).
Group (4); APAP toxic control group that received saline,
orally once daily and a single dose of APAP 1 g/kg b.wt
orally on the 27th day of the experiment. Group (5);
(AC+APAP). Group (6); (O3FA+APAP). Group (7);
(AC+O3FA+APAP). rats in these groups have been received
allicin, omega-3 and APAP as described before. Saline,
allicin, and omega-3 were administered for 30 days.
2.4. Sampling:
Rats were euthanized at 31st day of the experiment, blood
samples were collected from Retro-bulbar venous plexus.
The liver tissues were taken out for histopathological
investigation.
2.5. Hematological analysis:
The whole blood samples were used directly after collection
on EDTA for estimation of hematological parameters
including the red blood cells (RBCs) count, hemoglobin
(Hb) concentration, white blood cells (WBCs) count,
hematocrit value (PCV%) and platelets (Plt) count. These
parameters were estimated using automated hematology
analyzer (Mindray BC-2800, China).
2.6. Serum biochemical analysis:
The biochemical markers were AST and ALT (Reitman and
Frankel, 1957), ALP (Tietz et al. 1983), triglycerides (TG)
and cholesterol (Shah et al. 2011), albumin (Doumas et al.
1971) and total protein (Doumas and Biggs, 1975). The
previous biochemical tests were evaluated in accordance
with data protocol provided by using commercial kits (BioDiagnostic Company, Giza, Egypt).

Figure (1) Effect of allicin and/or omega3 and paracetamol on
hematological parameters

3.2. Biochemical analysis:
The increased serum levels of the liver biomarkers showed
the induction of hepatotoxicity (Figure 2). When compared
to the control rats, the effects of APAP toxicity significantly
elevated the AST, ALT, and ALP activities as well as the
cholesterol and triglycerides levels. Also, APAP decreases

2.7. Histopathological alteration:
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the concentrations of total protein and albumin levels in
serum.Contrarily, the case is different where these
parameters were significantly decreased in the APAP
treated-rats with AC, O3FA, or combination treatment (AC
and O3FA) in comparison with the APAP group. When
APAP-intoxicated rats were treated with both AC and
O3FA, these parameters were restored almost to normal
levels when compared to treatment with either AC or O3FA
alone. Thus, combination of AC and O3FA showed better
protection from liver damage caused by APAP than either
alone.

congestion of central veins and sinusoids with no
inflammatory cellular infiltration (Fig. 4C).

Figure (3) Histopathological sections of livers from control, allicin, omega 3
and paracetamol. A, B and C; Control, allicin and omega 3 groups showed
normal hepatic histo-architecture. Hepatocytes organized in cords radiating
from central vein (CV). D-E; Paracetamol intoxicated rats showed several
histological changes. D; severe congestion of the central vein (CV) and
hydropic degeneration of the hepatocytes (Thick arrow). E; inflammatory
cells aggregation (I). H&E stain, scale bars=50µm.

Figure (2) Effect of allicin and/or omega3 on hepatic damage
induced by paracetamol indicated by liver biomarkers including,
ALT, AST, ALP, total protein, albumin, cholesterol, and
triglycerides.

3.3. Histopathological changes of liver:
Liver sections from control, AC and O3FA treated rats
exhibited normal hepatic histo-architecture. Hepatocytes
organized in cords radiating from central veins and separated
by regular sinusoids (Figs. 3A, B, C). Otherwise, APAP
intoxicated rats revealed several histological changes
represented by severe congestion of the central veins and
hydropic degeneration of the hepatocytes (Fig.3D), necrosis
of some hepatocytes as well as inflammatory cells
aggregation
(Fig.
3E).
Liver
sections
from
paracetamol+allicin treated rats represented mild congestion
in the central veins with few inflammatory cells infiltration
(Fig. 4A). The examined liver of rats in paracetamol+O3FA
group revealed few inflammatory cellular infiltrations in
addition to congestion of blood sinusoids (Fig. 4B). While
the liver in paracetamol +AC+O3FA group showed

Figure (4) Histopathological sections of livers from the rest of
paracetamol+allicin, paracetamol+omega 3, and paracetamol+allicin+omega
3 groups groups. A, B and C; respectively. A; showed mild congested central
vein (CV) with some inflammatory cells infiltration (I). B; showed few
inflammatory cells infiltration (I) in addition to congestion of blood sinusoids
(thin arrow). C; showed congestion of central vein (CV) without
inflammatory cells infiltration. H&E stain, scale bars=50µm.

4. DISCUSSION
The goal of the current study was to establish a scientific
basis for the use of allicin and omega-3 combination therapy
in conventional medicine by examining its protective effects
against APAP-induced hepatotoxicity in Wistar rats. One of
the most commonly used experimental models for assessing
a drug's hepatoprotective capabilities is APAP-induced liver
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damage. Indeed, APAP-treated rats showed higher serum
levels of each of these indicators than did controls, which
supported the existence of hepatic injury and demonstrated
the model's viability.
Drug-induced hepatotoxicity is one of the leading causes of
mortality in the world (Bhawna & Kumar, 2009). Because
of its analgesic and antipyretic effects, APAP is used all over
the world; nevertheless, if taken in excess, it can induce
acute liver damage (Akhilraj et al., 2021).
Both APAP and its NAPQI, often referred to as Nacetyllimidoquimone, have harmful impact on the liver.
NAPQI destroys liver cells directly and depletes the natural
antioxidant glutathione in the liver, which results in liver
failure (Akhilraj et al., 2021). Additionally, APAP plays a
direct role in oxidative stress development, which results in
lipid peroxidation, antioxidants depletion, and the reduction
of ATP generation, all of which contribute to liver damage
(Rabiul et al., 2011).
The current investigation showed that a single acute
overdose of APAP led to a significant changes in some
hematological and biochemical parameters. Oyedeji et al.,
(2013) stated that erythrocyte deformability is decreased and
membrane permeability is increased in toxic APAP doses,
which lowers erythrocyte survival. Our results recorded
decreased values of RBCs, Hb, PCV, and PL counts in
APAP-intoxicated rats. Therefore it was presumed that
APAP increases the degradation rate of erythrocytes. The
rise in WBCs seen in the APAP-treated rats is consistent
with the result of Matić et al. (2021) and that may be an
indicator to acute inflammation. The harmful effects were
reduced by allicin and/or omega3 treatment, which returned
changes in the haematological parameters to the recorded
values in the control group.
Furthermore, APAP intoxication revealed significant
elevations of serum ALT, AST, ALP, triglycerides (TG) and
total cholesterol (TC). Both serum ALT and AST
concentrations as a diagnostic for hepatic necrosis. Also,
APAP caused reduction in serum levels of total protein and
albumin. The reductive transfer of amino acids from alanine
or aspartate, respectively, to alpha ketoglutarate to produce
pyruvate or oxaloacetate, is carried out by both the ALT and
AST enzymes. Hepatocytes that have been damaged
discharge their contents, including ALT and AST, into the
extracellular space (Islam et al., 2021).
The hepatic cells are harmed by the NAPQI which created
by an excess intake of paracetamol through lipid
peroxidation, which damages cellular permeability and
raises blood levels of ALT and AST (Islam et al., 2021).
Furthermore, a rise of ALP serum level seen may be due to
impaired hepatic excretion or enhanced ALP production by
hepatic parenchymal or duct cells in the presence of rising
biliary pressure. (Iyanda and Adeniyi, 2011). The
lipoprotein metabolism appears to be compromised by
APAP overdose (Kobashigawa and Kasiske, 1997) resulting
in a change in the metabolism and level of triglycerides and
cholesterol in intoxicated group in comparison with control
groups. The reduction in total protein and albumin levels
seen in APAP-treated rats suggests the destruction of many
hepatic cells, which may result in a decrease in hepatic
capacity to synthesis protein as most plasma proteins are
synthesized by hepatocytes (Chaphalkar et al., 2017).
Freshly crushed garlic's main active compound is allicin.
Anti-inflammatory and antioxidant activities have been
documented for it (Shang et al., 2019). In addition to
scavenging oxygen free radicals and hydroxyl radicals, the

natural antioxidant allicin also stops the liver homogenates'
lipids from oxidising due to hydroxyl radical-induced lipid
peroxidation (Zhang et al., 2012). According to the results
of the current investigation, dietary allicin can reduce the
toxicity of APAP to some extent.
Since cytosolic aminotransferases and ALP seep into the
blood after exposure to chemicals, including medicines and
hazardous compounds, they are utilised as a marker for
hepatocellular membrane damage (Al-Brakati et al., 2019).
The APAP-treated group showed a considerable increase in
these indicators. Serum liver functions, including ALT,
AST, ALP, TG, and cholesterol, were significantly reduced.
Additionally, allicin elevated total protein and albumin level
when compared to toxic group. Remarkably, the elevated
serum liver function markers that occurred after APAP
administration were decreased by allicin supplementation.
These findings suggest that allicin protects the liver from
damage caused by APAP exposure by maintaining the
hepatocyte membrane's shape and integrity.
Nowadays, daily intakes of omega-3 long-chain
polyunsaturated fatty acids (Omega-3 PUFAs) are advised
due to their anti-inflammatory and antioxidant properties
(El-Gendy et al., 2021). The most significant of their various
hypothesised modes of action could be be attributed to
regulating cell proliferation, controlling fatty acid
metabolism, preventing lipogenesis, as well as reducing
oxidative stress and inflammation (Huang et al., 2015).
Numerous studies have demonstrated the hepatoprotective
effects of omega-3 fatty acids (Adeyemi and Olayaki, 2017;
Eraky and Abo El-Magd, 2020).
A considerable increase in blood ALT, AST, ALP activities,
TG and cholesterol concentrations and significant reduction
in total protein and albumin levels compared with normal
group, which indicates cell damage with cell membrane
breakdown, leading to cellular leakage and hepatic
dysfunction, was conducted to prove the APAP-induced
hepatocellular injury while administration of O3FA fatty
acids altered these liver markers almostly to normal and
prevented hepatic impairment.
Additionally, the results of histopathological examination of
the liver confirmed the serum biochemical findings which
have been reported in other studies and showed that APAP
hepatic damages tissue by causing oxidative damage (Saritas
et al., 2014; Uysal et al., 2016). The liver tissue was arranged
in lobules according to the histological report of the normal
control group. Significant and widespread necrosis with
degenerative changes, central veins dilatation, were seen in
the paracetamol group and these result compatible with
previous study (Akhilraj et al., 2021). While the treated rats
with allicin or omega 3 represented mild congested central
veins with some inflammatory cells infiltration in addition
to congestion of blood sinusoids in the combined treated
rats, the examined liver showed congestion of central vein
and sinusoids without inflammatory cells infiltration.

5. CONCLUSION
Pretreatment with allicin and/or omega-3 fatty acids had
better protective effects on APAP-induced liver injury than
either one alone. Therefore, combining allicin with omega-3
therapy could be a unique way to slow the progression of
APAP-induced hepatotoxicity.
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