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Abstract
Hepatic encephalopathy (HE) is a debilitating and life-threatening disease. Results from acute or chronic liver failure and is
characterized by abnormal cerebral and neurological alterations. This study aimed at investigating the effect of allicin, the
major functional component in freshly crushed garlic extract, on thioacetamide (TAA)-induced HE in rats. Induction of HE
by a single dose of TAA (300 mg/kg; I.P.) was associated with a marked elevation in the serum levels of alanine amino-
transferase, aspartate aminotransferase, bilirubin, albumin, total protein, blood urea nitrogen and serum ammonia besides
reduction in the serum level of albumin. Moreover, it was accompanied with an increase in the hepatic and brain levels of
inflammatory mediators; TNF-α and IL-1β as well as elevation of the hepatic and brain levels of oxidative stress biomarkers;
reduced glutathione and lipid peroxidation evidenced by malondialdeyde. Oral administration of allicin (50, 100 and
200 mg/kg; P.O.) for 6 days prior to TAA injection restored the serum liver function, hepatic and brain levels of inflamma-
tory mediators as well as oxidative stress biomarkers in a dose-dependent manner. From our results, it can be concluded that
allicin has a protective effect on TAA-induced HE in rats in a dose-dependent manner due to its powerful antioxidant and
anti-inflammatory properties.
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Introduction

Hepatic encephalopathy (HE) is a decline of brain function
which occurs when the liver is unable to remove toxins from
the blood. It is a consequence of liver disease complicating up
to 25% of presentations of acute liver failure (ALF)
(Ahboucha and Butterworth 2004; Bernal et al. 2007).
Clinical manifestations of HE include lethargy, depressed
consciousness, loss of cognitive function and coma. Minimal
hepatic encephalopathy affects about 60–80% of patients with
liver cirrhosis (Ortiz et al. 2005).

Ammonia is generated by the degradation of amines,
amino acids and urea by enteric bacteria. In liver failure,

the ammonia produced in the gut bypasses the liver, and
high amounts of it reach the systemic circulation. In addi-
tion, liver impairment reduces the conversion of ammonia
into urea, resulting in further accumulation of ammonia in
the blood (Afifi et al. 2020; Ahmed et al. 2014). Thus, am-
monia plays an important role in the pathogenesis of HE
(Cooper and Plum 1987). It is directly toxic to the brain,
and in acute liver failure causes disturbance of inhibitory
and excitatory neurotransmission. Ammonia impairs brain
energy metabolism, alters expression of several genes that
code for important proteins involved in brain function, and
impairs auto-regulation of cerebral blood flow (Seyan et al.
2010; Larsen et al. 2000).

Infection and inflammation are leading factors in delir-
ium development. Acute and chronic liver failure neuro-
logical manifestations are exacerbated by inflammation.
In case of HE, inflammation can affect brain functions
directly or indirectly and systemically (Bernal et al.
2007). Systemic inflammatory response syndrome
(SIRS) is a phenotype of cytokine storm. SIRS plays an
important role in exacerbating HE manifestations and de-
velopment of covert HE into sever one in which the
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markers of inflammation correlates with neurodegenera-
tive severity (Tranah et al. 2013).

The dysregulation of innate immune system in patients
with liver failure makes them immune-suppressed and at high
risk of infection development. Patients with ALF and cirrhosis
have neutrophil abnormalities (Shawcross et al. 2010).
Neutrophils swelling in case of hyper-ammonemia, develop
impairment in their phagocytic activity and produce reactive
oxygen species (Shawcross et al. 2008). Impaired neutrophil
phagocytic activity correlates with the peak arterial concentra-
tion of ammonia (Taylor et al. 2013). Hyperammonemia,
SIRS, and dysregulation of innate immune system play a great
role in pathogenesis of HE (Tranah et al. 2013).

In this study acute HE was induced by TAA as a series of
experimental models found that HE model could be
established successfully in rats via administration of single
dose of 300 mg/kg TAA (Mladenović et al. 2014). TAA-
induced HE by intraperitoneal injection has high similarity
to the HE phenotypes in human, good reproducibility, high
success rate, and easy operation (Felipo 2013).

Garlic (Allium sativum) has been known as an impor-
tant therapeutic agent many years ago. From freshly
crushed garlic, allicin is produced from its allin (S-
allylcysteinesulfoxide) precursor using alliinase enzyme
as a catalyst (Kendler 1987). Properties of garlic are at-
tributed to allicin (2-pro-pene-1sulfinothioic acid S-2-
propenyl ester) which is the major functional component
in freshly crushed garlic extract. Allicin is an organosulfur
pungent smelling compound with anti-oxidant and anti-
inflammatory properties. Compounds that have antioxi-
dant properties may act against free radical directly by
scavenging ROS. On the other hand, antioxidants may
act indirectly by increasing the activity of endogenous
cellular antioxidant defenses (Kelsey et al. 2010). In ad-
dition, allicin can affect endogenous immune system
(Borlinghaus et al. 2014). The migration of neutrophilic
granulocytes into epithelia is a crucial process during in-
flammation that is inhibited by allicin. The release of
TNFα-dependent pro-inflammatory cytokines in intestinal
epithelia is inhibited by allicin (Hobauer et al. 2000).

This study aimed to investigate the effect of allicin, the
major functional component in freshly crushed garlic extract,
on on the liver and brain damage associated with HE induced
by thioacetamide (TAA) in rats.

Materials and methods

Animals

Thirty adult male albino rats; weighing about 120-150 g, were
purchased from the Vacsera, Giza, Egypt. Rats were randomly
divided into five groups (6 rats/group) in standard

polypropylene cages in the animal house of October
University of Modern Sciences and Arts (MSA). Rats were
kept in standard environmental condition of temperature about
25 °C with regular 12 h light/12 h dark cycle and allowed
access to commercially available rat pellet diet and water.
These conditions were maintained until the end of the exper-
iment. Rats are left a week for acclimatization before the be-
ginning of the study.

Drugs and chemicals

Allicin was purchased from boots pharmacies in United States
and thioacetamide (TAA) was purchased from Sigma–
Aldrich. Any other chemicals used were of analytical grades.

Induction of hepatic encephalopathy

Hepatic encephalopathy was induced with a single intraperi-
toneal injection of TAA (300 mg/kg; I.P.) (Mladenović et al.
2014). Rats were injected with TAA dissolved in sterile dis-
tilled water to a concentration of 300 mg/kg after weighing
them.

Study design

Evaluation of the protective efficacy of allicin administration
against TAA-induced acute HE

In the current study, HEwas induced by single I.P. injection of
TAA (300 mg/kg). Rats were randomly divided into five ex-
perimental groups (6 rats/group). Group I served as negative
control group which received saline only. Group II served as
positive control which received I.P single dose of TAA
300 mg/kg. Groups III, IV and V received oral allicin at doses
50, 100, 200 mg/kg; respectively, for 6 consecutive days prior
to TAA injection. Forty-eight hours after the TAA injection,
rats were sacrificed, blood samples were collected and the
serum was separated. Liver and brain were isolated, each di-
vided into two parts; one part used for preparation of liver and
brain homogenates and the other part stored in formalin for
histopathological examination.

Measurement of biochemical parameters

Measurement of serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), bilirubin, albumin, total
protein, blood urea nitrogen (BUN) and serum ammonia

All serum liver biomarkers were determined using reagent kits
(Biodiagnostic, Dokki, Giza, Egypt). Serum levels of (ALT)
and (AST) were determined following the methods of Lippes
et al (Lippes et al. 1972). The absorbance was measured at
546 nm and the results were expressed as U/L. Bilirubin levels
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were determined according to the method of Walter
and Gerade (1970). The absorbance was measured at
546 nm and the results are expressed in milligrams per
decilitre of serum. Albumin levels were determined following
the method of Doumas et al. (1971). The absorbance was
measured at 630 nm and the results are expressed in milli-
grams per decilitre of serum. Total protein levels were mea-
sured according to the method of Peterson (1983). The absor-
bance was measured at 535 nm and the results are expressed in
milligrams per decilitre of serum. Blood urea nitrogen (BUN)
levels were measured following the methods of Tiffany et al.
(1972). Serum ammonia levels were measured according to
the methods of Jensen et al. (1998).

Preparation of liver and brain homogenates and
estimation of oxidative stress biomarkers and
inflammatory mediators

The livers and brains homogenization was carried out and
homogenate was used for the estimation of liver and brain
contents of malondialdehyde (MDA), reduced glutathione
(GSH), tumer necrosis factor alpha (TNF-α), and interlukin-
1beta (IL-1β). MDA levels were determined using the method
of Matsumiya and Hoshino (2003). GSH levels were mea-
sured following the method of Vaziri et al. (2000). The tissue
level of tumor necrosis factor alpha (TNF-α) was determined
with an enzyme-linked immunosorbent assay (ELISA) using a
test reagent kit (Raybiotech) according to the method of Sun
et al. (2004). The tissue levels of interleukin (IL-1β) were also
determined with ELISA using a test reagent ki t
(ImmunoBiological Laboratories) according to the method
of Govindan and DeVita (2009).

Histopathology

Autopsy samples were taken from the liver and brain of rats in
different groups and fixed in 10% formalin for twenty-four
hours. Washing was done in tap water then serial dilutions
of alcohol (methyl, ethyl and absolute ethyl) were used for
dehydration. Specimens were cleared in xylene and embeded
in paraffin at 56 degrees in hot air oven for twenty-four hours.
Paraffin bees wax tissue blocks were prepared for sectioning

at 4 μm thickness by slide microtome. The obtained tissue
sections were collected on glass slides, deparaffinized, and
stained by hematoxylin &eosin stain for routine examination
through the light electric microscope (Banchroft et al. 1996).

The main histopathological criteria used for assessment
was illustrated in Table 1. The total pathologic score is the
sum of the individual score of each histopathological param-
eter. For assessment of astrocytes size, the mean diameter of
astrocytes was measured in random fifteen high power field
(HPF) per group (Ishak et al. 1995).

Statistical analysis

Data are presented as mean value ± SEM. Statistical analysis
was carried out by one-way analysis of variance (ANOVA)
followed by Tukey test for multiple comparisons. *: signifi-
cantly different from control group at P ≤ 0.05. @: significant-
ly different from TAA induced HE group at P ≤ 0.05.

Results

The effect of allicin on serum liver functions in TAA-
induced HE in rats

Induction of HE by a single injection of TAA (300mg/kg; i.p)
showed an elevation in the ALT, AST, bilirubin 19%, 33%,
18%; respectively and a suppression in albumin and total pro-
tein levels by 30% and 31%; respectively. Pre-treatment of
TAA-injected rats with allicin (50 mg/kg; P.O.) for 6 days
showed a decrease in AST, ALT and bilirubin by 8%, 8%
and 2%; respectively and increase in albumin and total protein
by 7%, and 2%; respectively. Pre-treatment of TAA-injected
rats with allicin (100 mg/kg; P.O.) for 6 days showed a de-
crease in AST, ALT and bilirubin by 11%, 12% and 12%;
respectively and increase in albumin and total protein by
12% and 6%; respectively. Pre-treatment of TAA-injected rats
with allicin (200 mg/kg; P.O.) for 6 days showed a decrease in
AST, ALT and bilirubin by 14%, 30% and 13%; respectively
and increase in albumin and total protein by 16% and.17%;
respectively (Table 2).

Table 1 The main histopathological criteria

Grade Cellular balloononing Apoptosis Portal Inflammation Focal Necrosis

0 Absent None None Absent

1 Mild (focal, some hepatic lobules) Sparse Mild (some or all portal areas) One focus/LPF(10X)

2 Moderate (focal,˂50% of hepatic lobules Few Moderate (some or all portal areas) Tow to 4foci/LPF(10X)

3 Severe (diffuse, ˃50 of hepatic lobules Numerous Marked (marked in all portal areas) ≥5foci/LPF(10X)
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The effect of allicin on blood urea nitrogen, serum
and brain ammonia level in TAA-induced HE in rats

Induction of HE by a single injection of TAA (300 mg/kg;
I.P.) showed an elevation in BUN, serum and brain ammonia
level by 41%, 39% and 142%; respectively. Pre-treatment of
TAA-injected rats with allicin (50 mg/kg; P.O.) for 6 days
showed a decrease in BUN, serum and brain ammonia level
by 5%, 10% and 47%; respectively. Pre-treatment of TAA-
injected rats with allicin (100 mg/kg; P.O.) for 6 days showed
a decrease in BUN, serum and brain ammonia level by 31%,
12% and 79%; respectively. Pre-treatment of TAA-injected
rats with allicin (200 mg/kg; P.O.) for 6 days showed a de-
crease in BUN, serum and brain ammonia level by 32%, 24%
and 119%; respectively (Table 3).

The effect of allicin on hepatic and brain oxidative
stress biomarkers in TAA-induced HE in rats

Induction of HE by a single injection of TAA (300 mg/kg;
I.P.) showed an elevation in liver MDA by 58% and suppres-
sion in hepatic glutathione by 26%. Pre-treatment of TAA-
injected rats with allicin (50, 100, 200 mg/kg; P.O.) for 6 days
showed a decrease in liver MDA level by 18% and 29% and
21%; respectively and an increase in hepatic GSH level by
28%, 34% and 40%; respectively (Table 4).

On the other hand, induction of HE by a single injection of
TAA (300 mg/kg; I.P.) showed an elevation in brain MDA by
73% and suppression in brain glutathione by 47%. Pre-treatment
of TAA-injected rats with allicin (50, 100, 200 mg/kg; P.O.) for
6 days showed a decrease in brainMDA level by 35%, 30% and
44%; respectively and an increase in brain GSH level by 29%,
7% and 36%; respectively (Table 4).

The effect of allicin on hepatic and brain
inflammatory mediators in TAA-induced HE in rats

Induction of HE by a single injection of TAA (300 mg/kg;
I.P.) showed an elevation in hepatic TNF-α and IL-1β levels
by 111% and 50% while brain TNF-α and IL-1β by 147%
and 110%; respectively. Pre-treatment of TAA-injected rats
with allicin (50 mg/kg; P.O.) for 6 days showed a decrease
in hepatic TNF-α and IL-1β levels 22% and 11% levels and
brain TNF-α and IL-1β levels by 15% and 35%; respectively.
Pre-treatment of TAA-injected rats with allicin (100 mg/kg;
P.O.) for 6 days showed a decrease in hepatic TNF-α and IL-
1β levels by 27% and 18% and brain TNF-α and IL-1β levels
by 37%, and 39%; respectively. Pre-treatment of TAA-
injected rats with allicin (200 mg/kg; P.O.) for 6 days showed
a decrease in hepatic TNF-α and IL-1β levels by 34% and
23% and brain TNF-α and IL-1β levels by 51%, and 49%;
respectively (Fig. 1).

The effect of allicin on liver and brain
histopathological alterations in TAA-induced HE in
rats

Liver isolated from TAA-induced HE rats showed inflammato-
ry cells infiltration with few fibroblastic cells proliferation orig-
inated in the portal area and extended between the fatty
degenerated hepatocytes in the parenchyma. Karyomegalocyte
with prominent nucleoli were detected in some of the hepato-
cytes with inflammatory cells infiltration in between. The portal
area showed congestion in the portal vein with periductal fibro-
sis surrounding the dilated bile ducts (Figs. 2b, c). Similarly,
brain tissue showed nuclear pyknosis and degeneration and cel-
lular edema were detected in the astrocytes of the cerebral cor-
tex. There was focal gliosis in the cerebral cortex. The striatum

Table 2 The effect of allicin on serum liver functions in TAA-induced HE in rats

Parameter Alanine aminotransferase ALT
(U/L)

Aspartate transaminase
AST(U/L)

Bilirubin BIL
(mg/dl)

Albumin (mg/
dl)

Total protein
(mg/dl)Groups

Normal control (saline) 31.59±0.46 40.02±1.09 0.87±0.01 3.99±0.15 6.92±0.25

TAA-induced HE
(300 mg/kg; I.P.)

37.56*±0.69 53.37*±2.26 1.02*±0.02 2.79*±0.07 4.76*±0.05

TAA+Allicin (50 mg/kg;
P.O.)

35.07*@±0.28 50.29*±0.611 1.01*±0.01 3.05*±0.14 4.88*±0.095

TAA+Allicin (100 mg/kg;
P.O.)

34.19*@±0.61 48.76*@±0.36 0.923*@±0.007 3.28*±0.19 5.13*±0.13

TAA+Allicin (200 mg/kg;
P.O.)

33.35@±0.42 41.57@±0.62 0.916*@±0.007 3.44*@±0.04 5.91*@±0.04

HEwas induced in rats with a single injection in TAA 300mg/kg i.p. TAA injected rats where pretreated with allicin (50, 100, and 200mg\kg P.O.) for 6
days. Forty-eight hours after TAA injection, blood was collected, centrifuged and sera was used for ALT, AST, bilirubin, albumin, and total protein
measurement. Data are presented as mean value ± SEM. Statistical analysis was carried out by one-way analysis of variance (ANOVA) followed by
Tukey test for multiple comparisons. *: significantly different from control group at P≤0.05.@: significantly different from TAA induced HE group at
P≤0.05
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showed edema in the perivascular tissue surrounding the blood
vessels (Figs. 3c, d).

On the other hand, the liver isolated rats protected by allicin
(50 mg/kg) showed inflammatory cells infiltration with few
fibrosis were detected in the portal area. The portal area of rats
protected by allicin (50 mg/kg; P.O.) showed few inflamma-
tory cells infiltration associated with diffuse degeneration in
the hepatocytes. Liver isolated from allicin (100 mg/kg; P.O.)
group had few inflammatory cells infiltration was detected in
the portal area (Table 5, Figs. 2d-i).

Moreover, the cerebral cortex of rats treated with allicin
(50 mg/kg) showed nuclear pyknosis and degeneration in the
astrocytes with perivascular edema. However, the cerebral cor-
tex of rats protected with allicin (100 and 200 mg/kg) showed
intact histological structure, while the striatum showed diffuse
as well as mild perivascular edema (Table 5, Fig. 3e, j).

Discussion

Liver damage can be induced via administration of several
agents such as carbon, D-galactose amine, acetaminophen

and TAA. In the current study, acute liver injury and HE were
induced through single I.P. injection of TAA (300 mg/kg).
The current study showed a significant elevation in BUN,
serum and brain ammonia level in TAA treated rats which
indicate liver injury. In accordance with Grant et al. (2018)
our results showed that marked elevation in ALT, AST and
bilirubin level with decrease in albumin level.

In case of liver injury, there is a state of hyperammonemia.
Ammonia bypass liver into systemic circulation and then as-
trocytes in the brain take ammonia and convert glutamate into
glutamine. Astrocytic swelling and cerebral edema occurs due
to osmotic effect of glutamine (Butterworth et al. 2009). In
brain, astrocytes are the main sites that reveal the histo-
pathological findings as removal of ammonia from brain de-
pends mainly on glutathione synthetase which is localized in
astrocytes (Butterworth et al. 2009). In agreement, our histo-
pathological examination results of brain tissue showed nucle-
ar pyknosis, degeneration and cellular edema in the astrocytes
of the cerebral cortex in TAA-treated rats.

Rapid progression in severity of HE was observed in pa-
tients with ALF who had more marked inflammation (Tranah
et al. 2013).According to Bone et al. (2009) after liver injury,

Table 3 The effect of allicin on BUN, serum and brain ammonia in TAA induced HE in rats

Parameter Blood urea nitrogen (BUN) (mg/dl) Serum ammonia (nmol/L) Brain ammonia (nmol/L)

Normal control (saline) 18.37±0.43 8.19±0.16 2.24±0.07

TAA induced HE (300 mg/kg) 25.86*±0.94 11.41*±0.17 5.42*± 0.11

TAA+Allicin (50 mg/kg) 24.96*±0.63 10.38*@±0.04 4.37*@±0.04

TAA+Allicin (100 mg/kg) 20.09@±0.56 10.54*@±0.06 3.65*@±0.06

TAA+Allicin (200 mg/kg) 19.93@±0.74 9.50*@±0.04 2.77*@±0.06

HE was induced in rats with a single injection in TAA 300 mg/kg i.p. TAA injected rats where pretreated with allicin (50, 100, and 200 mg\kg P.O.) for
6 days. Forty-eight hours after TAA injection, blood was collected, centrifuged and sera was used for BUN and ammonia measurement. Rats were
sacrificed. Brain was isolated, brain tissue was homogenized and homogenate was used for brain ammonia measurement. Data are presented as mean
value ± SEM and as % change from normal control group. Statistical analysis was carried out by one-way analysis of variance (ANOVA) followed by
Tukey test for multiple comparisons.

*: significantly different from control group at P ≤ 0.05

Table 4 The effect of allicin on hepatic and brain MDA and GSH in TAA-induced HE in rats

Parameter Liver malondialdhyde
(MDA) (nmol/ml)

Brain malondialdhyde
MDA (nmol/ml)

Liver glutathione
(GSH) (nmol/dl)

Brain glutathione
(GSH) (nmol/dl)Groups

Normal control (saline) 0.67±0.02 0.38±0.04 0.49±0.001 1.176±0.04

TAA- induced HE (300 mg/kg) 1.07*±0.02 0.67*±0.05 0.35*±0.01 0.63*±0.09

TAA+Allicin (50 mg/kg) 0.94*@±0.02 0.56*±0.01 0.45*±0.001 0.78*±0.01

TAA+Aliicin (100 mg/kg) 0.92*@±0.04 0.53*@±0.01 0.47*@±0.002 0.96*@±0.03

TAA+Allicin
(200 mg/kg)

0.86*@±0.01 0.49@±0.01 0.49*@±0.002 1.04@±0.01

HE was induced in rats with a single injection of TAA 300 mg/kg i.p. TAA injected rats where pretreated with allicin (50, 100, and 200 mg\kg P.O.) for
6 days. Forty-eight hours after TAA injection, rats were sacrificed, liver and brain were isolated, liver and brain tissue were homogenized and
homogenate was used for MDA and GSH measurement. Data are presented as mean value ± SEM and as % change from normal control group.
Statistical analysis was carried out by one-way analysis of variance (ANOVA) followed by Tukey test for multiple comparisons. *: significantly different
from control group at P ≤ 0.05; @: significantly different from TAA induced HE group at P ≤ 0.05.

1335Metab Brain Dis (2021) 36:1331–1340



systemic inflammation develops. As a result, blood ammonia
level is increased and pro-inflammatory mediators are re-
leased into the circulation. Results of our study showed an
elevation in inflammatory mediators; TNF-α and IL-1β in
both liver and brain tissue of TAA treated rats. In HE inflam-
mation may develop directly within brain or indirectly affect
the brain function. Astrocytic, microglial and neuronal dys-
function are the consequences of inflammation that arise di-
rectly within the brain (Wright and Jalan 2007). In accordance
with Tranah et al. (2013) there is a synergistic relationship
between ammonia and systemic inflammation in the patho-
genesis of HE.

In accordance with the study done by Shawcross et al.
(2008) which demonstrated that elevated ammonia blood
levels in ammonia-fed rats and cirrhotic patients results in
impairment of neutrophiles phagocytic activity as well as
spontaneous release of ROS by neutrophiles and induction
of oxidative stress. Our results in the current study showed
marked elevation in hepatic and brain levels of MDA and
reduction in GSH antioxidant enzyme. This significant
increase in oxidative stress may indicate negative shift in the
oxidant/antioxidant balance. The role of oxidative stress in

pathogenesis of HE is proven by a study done by Afifi et al.
(2020) which indicate that development of brain edema in
dimethyl malate-induced oxidative stress in hyper
ammonaemic portacaval anastomosis rats implies a synergis-
tic effect between ammonia and oxidative stress.

Allicin is the main active ingredient in freshly crashed gar-
lic. It has been reported to have anti-inflammatory and anti-
oxidant properties (Shang et al. 2019; Rabinkov et al. 1998).
In the current study, allicin was administrated orally in three
different dose levels (50, 100, 200 mg/kg) for 6 days prior to
TAA injection. Our results showedmarked reduction in serum
liver functions, ALT, AST, albumin, BUN and both serum
and brain ammonia in a dose dependent manner when com-
pared to TAA-induced HE group. Restoring serum liver func-
tions and Lowering in BUN, and ammonia levels indicate the
improvement in the ability of the liver to remove toxins; thus,
these results imply the hepato-protective effect of allicin in
HE. In addition, allicin has anti-oxidant properties. The anti-
oxidant effect of allicin may be direct through scavenging of
ROS or indirect by activating and increasing activity of en-
dogenous cellular antioxidant defenses (Kelsey et al. 2010). In
the current study, our results indicated that rats in groups that

Fig. 1 The effect of allicin on liver (a), brain (b) IL-1β, liver (c) and brain
(d) TNF-α levels in TAA-induced HE in rats. Normal control group
received saline for 6 days, group 2 received TAA (300 mg/kg) single
dose I.P, then euthanized after 48 h. group 3 received allicin (50 mg/kg
orally) for 6 days followed by TAA administration then euthanized after
48 h, group 4 received allicin (100 mg/kg) orally for 6 days followed by
TAA administration then euthanized after 48 h, group 5 received allicin
(200 mg/kg orally) for 6 days followed by TAA administration then

euthanized after 48 h. Rats were euthanized; liver and brain were isolated,
then liver and brain homogenates were used for determination o TNF-α
and IL-1β level. Data are presented as % change from normal control
group. Statistical analysis was carried out by one-way analysis of variance
(ANOVA) followed by Tukey test for multiple comparisons. *: signifi-
cantly different from control group at P ≤ 0.05. @: significantly different
from TAA induced HE group at P ≤ 0.05
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received allicin (50, 100 and 200 mg/kg) for 6 days prior to
TAA developed marked reduction in both hepatic and brain
MDA and significant increase in hepatic and brain GSH anti-
oxidant enzyme in a dose dependent manner. These results
may account for the anti-oxidant effect of allicin. According
to Malhotra et al. (2008) synergistic relationship between
hyperammonemia and systemic oxidative stress is responsible
for development of brain edema in HE; therefore, when pro-
oxidant enzymes inhibited, ROS are suppressed and HE is

improved. Thus, reduction in MDA and elevation in GSH
levels, in the present study, account for the powerful anti-
oxidant effect of allicin in improving TAA-induced HE in
rats.

In addition to the anti-oxidant properties, allicin has anti-
inflammatory properties. Previous studies indicate that allicin
can modulate the activity of inflammatory cells and inhibit the
activation of NF-κB induced by TNF-α. Moreover, allicin can
affect endogenous immune system, inhibit migration of

(a) x40

(b) x40 (c) x80

(d) x40 (e) x80

(f) x40 (g) x80

(h) x40 (i) x80

Fig. 2 The effect of allicin on
liver histopathological alteration
in TAA-induced HE in rats. a
Liver of rat in group1 Showing
normal histological structure of
the central vein and surrounding
hepatocytes in parenchyma
(X40). b Liver of rat in group 2
Showing degenerative fatty
change in the cytoplasm of hepa-
tocytes with inflammatory cells
infiltration and few fibroblastic
cells proliferation, extending from
the portal area to hepatic paren-
chyma between the degenerated
hepatocytes (X40). c Liver of rat
in group 2 Showing magnifica-
tion to identify the congestion in
portal vein with dilated bile duct
and priductal fibrosis (X80). d
Liver of rat in-group 3 showing
inflammatory cells infiltration and
few fibroblastic cells proliferation
in the portal area (X40). e Liver of
rat in group (3) showing inflam-
matory cells infiltration in portal
area (X80). f Liver of rat in group
(4) Showing few inflammatory
cells with the degeneration in he-
patocytes (X40). g Liver of rat in
group (4) showing the magnifica-
tion of (fig. b) to identify the in-
flammatory cells (X80). h Liver
of rat in group (5) Showing few
inflammatory cells infiltration in
portal area (X40). i Liver of rat in
group (5) showing the magnifica-
tion of (fig.d) to identify the in-
flammatory cells infiltration in
portal area (X80)
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neutrophilic granulocytes into epithelia, and inhibit release of
TNF-α pro-inflammatory cytokines (Hobauer et al. 2000).
These outcomes were emphasized by the results obtained
from the present study, rats in groups that receive allicin (50,
100, 200 mg/kg) for 6 days prior to TAA showed a significant
reduction in hepatic and brain levels of IL-1β and TNF-α in a
dose dependent manner.

Anti-inflammatory effects of allicin in the current study are
in agreement with Wang et al. (2017) and Bruck et al. (2005)
who stated that allicin inhibits aminotransferase and TNF-α in

mice pre-treated with allicin before concavalin A injection
which induces liver injury. Significant reduction in hepatic
and brain levels of IL-1β and TNF-α, in the current study,
indicate that allicin is powerful anti-inflammatory. All results
of biomarkers obtained in our study are supported by the re-
sults of histopathological examination of both liver and brain
tissues of rats in groups that receive (50, 100, 200 mg/kg) for
6 days prior to TAA. These results of histopathological exam-
ination also indicate that allicin improve TAA-induced HE in
a dose dependent manner.

(a) x40 (b) x40

(c) x40 (d) x40

(e) x40 (f) x80

(h) x40(g) x40

(i) x40 (j) x40

Fig. 3 The effect of allicin on
brain histopathological alteration
in TAA-induced HE in rats. a
Brain of rat in group 1 Showing
normal histological structure of
cerebral cortex (X40). b Brain of
rat in group 1 showing normal
histological structure of striatum
(X40). c Brain of rat of group 2
showing nuclear pyknosis with
cellular edema in astrocytes of
cerebral cortex (X80). [d] Brain of
rat in group 2 Showing
perivascular edema surrounding
the blood capillaries of striatum
(X40). e Brain of rats in group (3)
showing nuclear pyknosis of the
astrocytes with perivascular ede-
ma surrounding the blood vessles
in cerebral cortex (X40). f Brain
of rats in group (3) showing nu-
clear pyknosis of astrocytes and
privascular edema in cerebral
cortex (X80). g Brain of rat in
group (4) showing normal histo-
logical structure of the cerebral
cortex (X40). h Brain of rat in
group (4) Showing edema in stria
with perivascular edema sur-
rounding the blood vessels (X40).
i Brain of rat in group (5)
Showing normal histological
structure in cerebral cortex (X40).
j Brain of rat in group (5)
Showing congestion and
perivascular oedema of blood
vessels in striatum (X40)
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Conclusion

The current study showed that allicin has the ability to improve
HE not only through its antioxidant and its anti-inflammatory
effect but also it leads to reduction in serum and brain ammonia
level in a dose dependent manner. In conclusion, ammonia plays
an important role in the pathogenesis of HE but the poor corre-
lation between its level and the severity of HE assure that other
factors such as oxidative stress and inflammation are crucial
factors in the pathogenesis of HE. Thus, agents with anti-
oxidant and anti-inflammatory properties such as allicin are con-
sidered good candidates for treatment of HE.

Our study showed that allicin is powerful antioxidant and
anti- inflammatory and it has a protective effect on TAA-
induced HE in rats in a dose dependant manner. Allicin acts
peripherally and centrally. Furthermore, its effect on brain is
greater than its hepatic effects, which may be attributed to its
ability to pass the blood brain barrier. Allicin showed significant
reduction in the elevated ammonia levels in both serum and brain
in a dose dependant manner. Thus, allicin plays a crucial role in
the threemain factors included in the pathogenesis of HE as it has
a significant effect on liver enzymes, oxidative stress biomarkers,
and inflammatory mediators, as well as ammonia content. In
addition, from our study we can conclude that allicin can be used
alone or as adjuvant therapy in management of HE.

@: significantly different from TAA induced HE group at
P ≤ 0.05

HEwas induced in rats with a single injection of TAA 300
mg/kg i.p. TAA injected rats where pretreated with allicin
(50, 100, and 200 mg\kg P.O.) for 6 days. 24 hours after
the last dose of the drugs, mean total hepatic pathologic
score and astrocyte size were evaluated. Results are
expressed as mean ±SEM (n=8). *Significant difference
from normal control group p < 0.05. @ Significant differ-
ence from TAA- injected group.

Author’s contribution D. O. Saleh has designed the work, collected and
interpreted the data, drafted and revised the article and has been respon-
sible for the publication. D. F. Mansour has collected the data and drafted
the article. A. M. Fayez has interpreted the data and finally approved the
version for publishing.

Data availability The data that support the findings of this study are
available from the corresponding author, D. Saleh, upon reasonable
request.

Declarations

Conflict of interest Authors declare no conflict of interest. The study
was carried out according to the guidelines of the Ethics Committee,
Faculty of Pharmacy, October University for Modern Sciences and Arts
(approval no. PH2/EC2/2016F).

References

Afifi NA, Ramadan A., Erian E., Sedik A.A., Amin M.M., Hassan A.,
Saleh D.O. (2020). Synergistic effect of Aminoguanidine and L-
Carnosine against Thioacetamide-induced hepatic encephalopathy
in rats: Behavioral, Biochemical and Ultra Structural Evidences,
Canadian journal of physiology and pharmacology, in press

Ahboucha S, Butterworth RF (2004) Pathophysiology of hepatic enceph-
alopathy: a new look at GABA from the molecular standpoint.
Metab Brain Dis 19(3):331–343

Ahmed HH, Saeed RM, Sayed AA, Ahmed YS (2014) Update on path-
ophysiologic mechanisms of thioacetamide-induced hepatic enceph-
alopathy. World J Pharmacy PharmaceutSci 3(12):138–167

Banchroft, J.D.; Stevens, A. and Turner, D.R. (1996). Theory and prac-
tice of histological techniques.Fourth Ed. Churchil Livingstone
,New York, London, San Francisco , Tokyo

Bernal W, Hall C, Karvellas CJ, Auzinger G, Sizer E, Wendon J (2007)
Arterial ammonia and clinical risk factors for encephalopathy and
intracranial hypertension in acute liver failure. Hepatology 46(6):
1844–1852

Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA,
Schein RM, Sibbald WJ (2009) Definitions for sepsis and organ
failure and guidelines for the use of innovative therapies in sepsis.
The ACCP/SCCM Consensus Conference Committee, American
College of Chest Physicians/Society of Critical

Borlinghaus J, Albrecht F, Gruhlke MC, Nwachukwu ID, Slusarenko AJ
(2014) Allicin: chemistry and biological properties. Molecules
19(8):12591–12618

Bruck R,Aeed H, Brazovsky E, Noor T, Hershkoviz R (2005) Allicin, the
active component of garlic, prevents immune_mediated,
concanavalinA_induced hepatic injury in mice. Liver Int 25(3):
613–621

Butterworth RF, NorenbergMD, FelipoV, Ferenci P, Albrecht J, Blei AT
(2009) Experimental models of hepatic encephalopathy: ISHEN
guidelines. Liver Int 29(6):783–788

Cooper AJ, Plum FRED (1987) Biochemistry and physiology of brain
ammonia. Physiol Rev 67(2):440–519

Doumas BT, Watson WA, Biggs HG (1971) Albumin standards and the
measurement of serum albumin with bromcresol green. Clin Chim
Acta 31(1):87–96

Table 5 The effect of allicin on
hepatic pathologic score and brain
astrocyte size TAA-induced HE
in rats

Parameter Total pathologic score Mean astrocyte size (diameter in μm/HPF)
Groups

Normal control (saline) 0.32±0.1 6.64±0.41

TAA- induced HE (300 mg/kg) 8.80*±0.46 10.83*±0.33

TAA+Allicin (50 mg/kg) 0.52@±0.23 7.88*@±0.33

TAA+Allicin (100 mg/kg) 1.73*@±0.19 7.89*@±0.33

TAA+Allicin (200 mg/kg) 0.43@±0.18 7.23@±0.35

1339Metab Brain Dis (2021) 36:1331–1340



Felipo V (2013) Hepatic encephalopathy: effects of liver failure on brain
function. Nat Rev Neurosci 14(12):851–858

Grant S, McMillin M, Frampton G, Petrescu AD, Williams E, Jaeger V,
Kain J, DeMorrow S (2018) Direct comparison of the
Thioacetamide and Azoxymethane models of type A hepatic en-
cephalopathy in mice. Gene Expr 18(3):171–185

Govindan R, DeVita VT (eds) (2009) DeVita, Hellman, and Rosenberg's
Cancer: principles & practice of oncology review. Lippincott
Williams & Wilkins

Hobauer R, Frass M, Gmeiner B, Kaye AD, Frost EA (2000) Garlic
extract (allium sativum) reduces migration of neutrophils through
endothelial cell monolayers. Middle East J Anaesthesiol 15(6):649–
658

Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F et al
(1995) Histological grading and staging of chronic hepatitis. J
Hepatol 22(6):696–699

Jensen DE, Belka GK, Du Bois GC (1998) S-Nitrosoglutathione is a
substrate for rat alcohol dehydrogenase class III isoenzyme.
Biochem J 331(2):659–668

Kelsey NA, Wilkins HM, Linseman DA (2010) Nutraceutical antioxi-
dants as novel neuroprotective agents. Molecules 15(11):7792–
7814

Kendler BS (1987) Garlic (Allium sativum) and onion (Allium cepa): a
review of their relationship to cardiovascular disease. Prevent Med
16(5):670685

Larsen FS, Strauss G, Møller K, Hansen BA (2000) Regional cerebral
blood flow autoregulation in patients with fulminant hepatic failure.
Liver Transpl 6(6):795–800

Lippes J, Enders RG, Pragay DA, Bartholomew WR (1972) The collec-
tion and analysis of human fallopian tubal fluid. Contraception 5(2):
85–103

Malhotra D, Thimmulappa R, Navas-Acien A, Sandford A, Elliott M,
Singh A, Chen L, Zhuang X, Hogg J, Pare P, Tuder RM (2008)
Decline in NRF2-regulated antioxidants in chronic obstructive pul-
monary disease lungs due to loss of its positive regulator, DJ-1. Am
J Respir Crit Care Med 178(6):592–604

Matsumiya H, Hoshino H (2003) Selective determination of beryllium
(II) ion at Picomole per Decimeter cubed levels by kinetic differen-
tiation mode reversed-phase high-performance liquid chromatogra-
phy with Fluorometric detection using 2-(2 ‘-Hydroxyphenyl)-10-
hydroxybenzo [h] quinoline as Precolumn chelating reagent. Anal
Chem 75(3):413–419

Mladenović D, Hrnčić D, Petronijević N, Jevtić G, Radosavljević T,
RašićMarković A, Puškaš N, Maksić N, Stanojlović O (2014)
Finasteride improves motor, EEG, and cellular changes in rat brain
in thioacetamide-induced hepatic encephalopathy. Am J Physiol-
Gastrointest Liver Physiol 307(9):G931–G940

Ortiz M, Jacas C, Córdoba J (2005) Minimal hepatic encephalopathy:
diagnosis, clinical significance and recommendations. J Hepatol
42(1):S45–S53

Peterson GL (1983) [12] determination of total protein. Methods
Enzymol 91:95–119

Rabinkov A, Miron T, Konstantinovski L, WilchekM, Mirelman D,Weiner
L (1998) The mode of action of allicin: trapping of radicals and inter-
action with thiol containing proteins. BiochimicaetBiophysicaActa
(BBA)-General Subjects 1379(2):233–244

Seyan AS, Hughes RD, Shawcross DL (2010) Changing face of hepatic
encephalopathy: role of inflammation and oxidative stress. World J
Gastroenterol 16:3347–3357

Shang A, Cao SY, Xu XY, Gan RY, Tang GY, Corke H et al (2019)
Bioactive compounds and biological functions of garlic (Allium
sativum L.). Foods 8(7)

Shawcross DL, Shabbir SS, Taylor NJ, Hughes RD (2010) Ammonia and
the neutrophil in the pathogenesis of hepatic encephalopathy in cir-
rhosis. Hepatology 51(3):1062–1069

Shawcross DL, Wright GA, Stadlbauer V, Hodges SJ, Davies NA,
Wheeler-Jones C, Pitsillides AA, Jalan R (2008) Ammonia impairs
neutrophil phagocytic function in liver disease. Hepatology 48(4):
1202–1212

Sun J, Li F, Chen J, Xu J (2004) Effect of ketamine on NF-kappa B
activity and TNF-alpha production in endotoxin-treated rats.
Annals Clin Lab Sci 34(2):181–186

Taylor NJ, Nishtala A, Vijay M, Godhev K, Abeles RD, Auzinger G,
Bernal W, Ma Y, Wendon JA, Shawcross DL (2013) Circulating
neutrophil dysfunction in acute liver failure. Hepatology 57(3):
1142–1152

Tiffany TO, Jansen JM, Burtis CA, Overton JB, Scott CD (1972)
Enzymatic kinetic rate and end-point analyses of substrate, by use
of a GeMSAEC fast analyzer. Clin Chem 18(8):829–840

Tranah TH, Vijay GKM, Ryan JM, Shawcross DL (2013) Systemic in-
flammation and ammonia in hepatic encephalopathy. Metab Brain
Dis 28(1):1–5

Vaziri ND, Wang XQ, Oveisi F, Rad B (2000) Induction of oxidative
stress by glutathione depletion causes severe hypertension in normal
rats. Hypertension 36(1):142–146

Walter M, Gerade R (1970) Bilirubin direct/total. Microchem J 15:231–
233

Wang L, Jiao H, Zhao J, Wang X, Sun S, Lin H (2017) Allicin alleviates
Reticuloendotheliosis virus-induced immunosuppression via ERK/
mitogen-activated protein kinase pathway in specific pathogen-free
chickens. Front Immunol 8:1856

Wright G, Jalan R (2007) Ammonia and inflammation in the pathogen-
esis of hepatic encephalopathy. Hepatology 46(2):291–294

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

1340 Metab Brain Dis (2021) 36:1331–1340


	Thioacetamide-induced acute hepatic encephalopathy: central vs peripheral effect of Allicin
	Abstract
	Introduction
	Materials and methods
	Animals
	Drugs and chemicals
	Induction of hepatic encephalopathy
	Study design
	Evaluation of the protective efficacy of allicin administration against TAA-induced acute HE

	Measurement of biochemical parameters
	Measurement of serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), bilirubin, albumin, total protein, blood urea nitrogen (BUN) and serum ammonia

	Preparation of liver and brain homogenates and estimation of oxidative stress biomarkers and inflammatory mediators
	Histopathology
	Statistical analysis

	Results
	The effect of allicin on serum liver functions in TAA-induced HE in rats
	The effect of allicin on blood urea nitrogen, serum and brain ammonia level in TAA-induced HE in rats
	The effect of allicin on hepatic and brain oxidative stress biomarkers in TAA-induced HE in rats
	The effect of allicin on hepatic and brain inflammatory mediators in TAA-induced HE in rats
	The effect of allicin on liver and brain histopathological alterations in TAA-induced HE in rats

	Discussion
	Conclusion
	References


