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ORIGINAL ARTICLE

Protective effect of artichoke leaf extract against paracetamol-induced
hepatotoxicity in rats

Engy M. El Morsy and Rehab Kamel

Department of Pharmacology and Toxicology, Faculty of Pharmacy, Helwan University, Ein Helwan, Cairo, Egypt

Abstract

Context: Paracetamol overdose is a predominant cause of hepatotoxicity in both humans and
experimental animals.
Objective: In this study, we investigated the protective effect of aqueous artichoke leaf extract
(ALE) against paracetamol-induced liver injury in rats using N-acetylcysteine (NAC) as a
reference drug.
Materials and methods: Rats were divided into five groups: negative control, paracetamol
(2 g/kg, single oral dose), ALE (1.5 g/kg, orally for 14 d), ALE + paracetamol, and NAC (100 mg/
kg) + paracetamol. Indices of liver damage (serum alanine aminotransferase and aspartate
aminotransferase) were measured. Liver homogenates were analyzed for oxidative stress
biomarkers (MDA, malondialdehyde; SOD activity, superoxide dismutase activity; NO, nitric
oxide; GSH content, reduced glutathione), glutathione cycling (GR, glutathione reductase), and
utilization (GST, glutathione-S-transferase). Apoptosis was assessed using the comet assay.
Results: Paracetamol caused marked liver damage as noted by significant increased activities of
serum aminotransferases (p50.05) as well as a significant increase in hepatic MDA and NO
levels (p50.001) compared with the negative control group. GSH content, GR, GST, and SOD
activities were decreased significantly (p50.001). Comet assay parameters (tail length,
percentage of tailed cells, percentage of migrated DNA, and tail moment) were increased
(p50.05), indicating apoptosis. Histopathological examination showed necrotic areas.
Pre-treatment with ALE replenished hepatic GSH, reversed oxidative stress parameters, DNA
damage, and necrosis induced by paracetamol.
Discussion and conclusion: These results suggest that ALE may protect from paracetamol-
induced liver toxicity via its antioxidant and anti-apoptotic properties.
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Introduction

Paracetamol is one of the mostly used analgesics and

antipyretics. It is considered to be a safe drug when used at

therapeutic levels. However, it is known to cause centrilobular

necrosis upon overdose with the potential to progress to liver

failure (Davidson & Eastham, 1966; Lee, 2004). A large

portion of a therapeutic dose of paracetamol is directly

conjugated with glucuronic acid or sulfate. The remaining

part of the dose is metabolized by the P450 system to a

reactive metabolite, presumably N-acetyl-p-benzoquinone

imine (NAPQI) (Nelson, 1990). NAPQI reacts with glutathi-

one (GSH) spontaneously or catalyzed by GSH-S-transferases

to form GSH-adduct (Chen et al., 2003). Thus, the earliest

effect of paracetamol metabolism is a profound depletion of

hepatocellular GSH (Mitchell et al., 1973), which affects

both the cytosolic and the mitochondrial compartments.

Once GSH is exhausted, any remaining NAPQI formed will

react with alternative targets, in particular cellular proteins

(Jollow et al., 1973). Covalent binding to mitochondrial

proteins may be to a significant degree responsible for the

initial mitochondrial dysfunction followed by mitochondrial

oxidant stress (Jaeschke et al., 2003; Ramsay et al., 1989).

The formation of peroxynitrite in mitochondria is followed by

nuclear DNA fragmentation (Cover et al., 2005).

N-Acetylcysteine (NAC) is usually used as an antidote for

the prevention of paracetamol-induced hepatotoxicity.

However, some cases do not respond and adverse anaphy-

lactoid reactions were reported (Mant et al., 1984; Tripathi,

2008).

Cynara scolymus L. (Asteraceae), popularly known as

artichoke, has multiple pharmacological actions. It was shown

to have antitoxic activity (Heidarian et al., 2013), antiulcero-

genic activity (Nassar et al., 2013), and glycemia-lowering

effect (Fantini et al., 2011). It helped in the management of

mild hypercholesterolaemia (Rondanelli et al., 2013) and was

protective against hepatocellular carcinoma (Metwally et al.,

2011) and human breast cancer (Mileo et al., 2012). It exerted

hepatoprotective activity in different models of liver injury
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in vitro and in vivo (Adzet et al., 1987; Gebhardt, 1997;

Mehmetçik et al., 2008; Metwally et al., 2011).

However, its protective effect on paracetamol-induced

toxicity has not been yet investigated. In this study, we

examined the possible protective effect of artichoke leaf

extract (ALE) on hepatotoxicity induced by paracetamol

in rats.

Materials and methods

Chemicals and drugs

ALE (batch number 12342) was purchased from Western

Pharmaceutical Industries, Cairo, Egypt. Paracetamol and

NAC were supplied by SEDICO Pharmaceutical Company

(Giza, Egypt). Other chemical reagents were purchased from

Sigma Aldrich Co. (St. Louis, MO).

Animals

Fifty male Sprague–Dawley rats weighing 180–200 g were

housed at cages in a temperature-controlled (25 ± 1 �C)

environment and provided free access to pelleted food and

purified drinking water ad libitum, and left to accommodate

for 1 week before the experiment. The animal experiments

described later were approved by the Ethics Committee,

Faculty of Pharmacy, Helwan University, Cairo, Egypt.

Experimental design

The animals were divided into five groups, 10 per each group,

as follows:

Group I: control group received 10% Tween 80 solution

orally by gavage for 14 d.

Group II: rats received 10% Tween 80 solution orally by

gavage for 14 d. About 1 h after the last dose, rats received

2 g/kg paracetamol (Galal et al., 2012) suspended in 10%

Tween 80 solution orally by gavage.

Group III: rats received 1.5 g/kg ALE (Mehmetçik et al.,

2008) suspended in 10% Tween 80 solution orally by gavage

for 14 d.

Group IV: rats received ALE (1.5 g/kg) suspended in 10%

Tween 80 solution orally by gavage for 14 d. About 1 h after

the last dose, rats received 2 g/kg paracetamol suspended in

10% Tween 80 solution orally by gavage.

Group V: rats received NAC (100 mg/kg) dissolved in 10%

Tween 80 solution orally by gavage for 14 d. About 1 h after

the last dose, rats received 2 g/kg paracetamol suspended in

10% Tween 80 solution orally by gavage.

Rats were fasted on the 13th day for 18 h before

paracetamol administration. Twenty-four hour after receiving

paracetamol, blood was collected from animals by retroorbital

puncture. Animals were then sacrificed by cervical disloca-

tion. The liver was rapidly removed and washed in ice-cold

saline solution. A part was homogenized in phosphate buffer

saline (0.1 M PBS, pH 7.4). The homogenates were

centrifuged at 10 000 rpm for 30 min at 4 �C, and supernatants

were stored at �70 �C until biochemical assays could

be performed. The second part of liver was stored in

10% neutral buffered formalin for the histopathological

study, and the third was used for apoptosis assessment by

the comet assay.

Liver function tests

Serum activities of alanine aminotransferase (ALT) and

aspartate aminotransferase (AST) were measured as indica-

tors of hepatic injury using standard diagnostic kits (Quimica

Clinica Aplicada s.a., Tarragona, Spain).

Determination of lipid peroxide level

Lipid peroxidation was assessed by the measuring MDA level

in the liver homogenates supernatants (Mihara & Uchiyama,

1978). The principle of the assay depends on a colorimetric

determination of pink pigment product, resulting from the

reaction of one molecule of MDA with two molecules of

thiobarbituric acid (TBA) at low pH (2–3) at 95 �C for 45 min.

The resultant color product was extracted by n-butanol and

measured at 535 nm spectrophotometrically.

Determination of nitric oxide (NO) level

NO, measured as nitrite, was determined by using the Griess

reagent according to the method of Miranda et al. (2001). The

amount of nitrite (the stable end product of NO radical) was

measured by mixing with the colorless Griess reagent which

results in the formation of purple complex. The degree of the

color developed is measured spectrophotometrically at

540 nm.

Determination of superoxide dismutase activity

Superoxide dismutase (SOD) activity was determined

spectrophotometrically according to Robak and Gryglewski

(1988). This assay is based on the generation of superoxide

ions from the conversion of xanthine and oxygen to uric acid

and hydrogen peroxide by xanthine oxidase. Superoxide

anions then convert nitroblue tetrazolium (NBT) to NBT–

diformazan, which absorbs light at 550 nm. SOD reduces the

superoxide ion concentration and thereby lowers the rate of

NBT–diformazan formation. The extent of reduction in the

appearance of NBT–diformazan is the measure of SOD

activity present in an experimental sample.

Determination of reduced GSH level

GSH was estimated spectrophotometrically by the method of

Ellman (1959). Protein in liver homogenate was precipitated

with 10% trichloroacetic acid and the contents were

centrifuged at 2000 rpm for 5 min. An aliquot of the clear

supernatant (0.1 ml) was taken and mixed with 1.7 ml of

0.1 mM potassium phosphate buffer (pH 8) and 0.1 ml

of Ellman’s reagent. The optical density was measured at

412 nm.

Determination of GSH reductase activity

The GSH reductase (GR) activity was measured spec-

trophotometrically by the method of Carlberg and

Mannervik (1985), where GSH reductase together with its

co-factor (NADPH) catalyzes the reduction of oxidized GSH

to reduced GSH. The oxidation of NADPH to NADP+ is

monitored as a decrease in the absorbance at 340 nm. The rate

of decrease is directly proportional to the GR activity in the

sample
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Determination of GSH-S-transferase (GST) activity

GST activity was determined spectrophotometrically by the

method of Habig et al. (1974) using 1-chloro-2,4-dinitroben-

zene as a substrate, with reduced GSH. The conjugation is

accompanied by an increase in the absorbance at 340 nm. The

rate of increase is directly proportional to the GST activity in

the sample.

Determination of total protein

The protein content was measured using bovine serum albumin

(BSA) as a standard (Lowry et al., 1951). Different concen-

trations of BSA (0.01–0.1 mg/ml) were used to plot a standard

curve. The principle of the assay is based on the copper that

reacts with protein molecule in alkaline media, and then the

Folin–Ciocalteu reagent is reduced by the copper–protein

complex resulting in a blue purple color. The final color

developed at room temperature was measured at 500 nm.

Comet assay (single cell gel electrophoresis)

The comet assay was performed according to the method

developed by Singh et al. (1988). Briefly, 1 g of liver tissue

was transferred to 1 ml ice-cold PBS. This suspension was

stirred for 5 min and filtered. The cell suspension (100ml) was

mixed with 600 ml of low-melting agarose (0.8% in PBS).

This mixture (100ml) was spread on pre-coated slides. The

coated slides were immersed in lysis buffer [0.045 M Tris–

borate–EDTA (TBE), pH 8.4, containing 2.5% sodium

dodecyl sulphate (SDS)] for 15 min. The slides were placed

in electrophoresis chamber containing the same TBE buffer,

but devoid of SDS. The electrophoresis conditions were

2 V/cm for 2 min and 100 mA. Slides were stained with

ethidium bromide (EtBr, 20 ml/ml) at 4 �C. The observation

was with the samples still humid, the DNA fragment

migration patterns of 100 cells for each sample were

evaluated with a fluorescence microscope (with excitation

filter 420–490 nm [issue 510 nm]). For visualization of DNA

damage, EtBr-stained DNA was observed using a 400�
magnification using a fluorescent microscope. Comet 5 image

analysis software developed by Kinetic Imaging, Ltd.

(Liverpool, UK) linked to a charge-coupled device (CCD)

camera was used to assess the qualitative and quantitative

extent of DNA damage in the cells by measuring the length

of DNA migration (tail length, TL in mm), the percentage

of tailed cells (%T) and the percentage of migrated

DNA (% DNA). Finally, tail moment was calculated

(TM¼TL�% DNA).

Histopathological examination

Autopsy samples taken from liver of rats in different groups

were fixed in 10% neutral buffered formalin. Serial dilutions

of alcohol (methyl, ethyl, and absolute ethyl) were used.

Specimens were cleared in xylene embedded in paraffin at

56 �C in hot air oven for 24 h. Paraffin bees wax tissue blocks

were prepared for sectioning at 4 mm thickness by a sledge

microtome. The obtained tissue sections were collected on

glass slides, deparaffinized, and stained by hematoxylin and

eosin stain for histopathological examination through the light

microscope.

Statistical analysis

Results are expressed as the mean ± SEM, and different

groups were compared using a one-way analysis of variance

(ANOVA) followed by the Tukey–Kramer test for multiple

comparisons.

Results

Effect of ALE on paracetamol-induced alteration in
liver function tests

Administration of a single dose (2 g/kg) of paracetamol

(group II) increased ALT and AST activities by 51% and 48%,

respectively, compared with the control group (group I).

Pre-treatment of the paracetamol-injected group with ALE

(1.5 g/kg) (group IV) reduced these activities significantly by

51% and 22%, respectively, as compared with group II.

Pre-treatment with NAC (100 mg/kg) (group V) showed a

significant reduction in ALT and AST activities by 57% and

33%, respectively (Table 1).

Effect of ALE on paracetamol-induced alterations in
hepatic lipid peroxidation, NO level, and SOD enzyme
activity

Oral administration of paracetamol induced a significant

increase in liver lipid peroxides measured as malondialdehyde

(MDA) and NO levels by 112% and 92%, respectively, as

compared to the control group (group I). Pre-treatment with

ALE and NAC significantly reduced the level of MDA by

34% and 19%, while that of NO was reduced by 26% and

16%, respectively. In contrast, paracetamol administration

significantly reduced SOD activity as compared with group I.

Pre-treatment with ALE and NAC increased its activity by

51% and 22%, respectively. Furthermore, hepatic SOD

activity in rats treated with ALE (group III) was significantly

higher than group I by 59% (Table 2).

Effect of ALE on paracetamol-induced alteration in
reduced GSH level, GR, and GST activities

Compared with control group, paracetamol injected group

showed a significant decrease in reduced GSH level, GR, and

Table 1. Effect of artichoke leaf extract (ALE) on paracetamol-induced
alterations of serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) activities in rats.

Groups ALT (U/ml) AST (U/ml)

Group I 157.5 ± 4.6 340.0 ± 9.6
Group II 395.5 ± 5.4a 503.3 ± 10a

Group III 119.7 ± 8.3a,b 335.7 ± 6.6b

Group IV 195.2 ± 8.5a,b,c 391.3 ± 13.7a,b,c

Group V 171.7 ± 13.6b,c 335.3 ± 12.9b,d

Group I: treated with vehicle; group II: treated with saline + 10% Tween
80 orally for 14 d followed by paracetamol (2 g/kg, orally); group III:
treated with 1.5 g/kg of ALE orally for 14 d; group IV: treated with
1.5 g/kg of ALE orally for 14 d followed by paracetamol (2 g/kg,
orally); group V: treated with 100 mg/kg of N-acetylcysteine (NAC)
orally for 14 d followed by paracetamol (2 g/kg, orally). Results are
expressed as the mean ± SEM (n¼ 10) in each group.

aSignificantly different from group I at p50.05.
bSignificantly different from group II at p50.001.
cSignificantly different from group III at p550.05.
dSignificantly different from group IV at p50.05.
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GST activities as compared with the control group (group I).

These alterations had been significantly reversed due to pre-

treatment with ALE by 50, 54 and 41%, respectively.

Administration of NAC prior to paracetamol significantly

increased the GSH level and the GR activity by 24% for each,

and the GST activity by 20% as compared with group II.

Moreover, administration of ALE alone (group III) signifi-

cantly increased GSH level, GR, and GST activities by 27,

21, and 15%, respectively, as compared with group I

(Figure 1).

Effect of ALE on paracetamol-induced DNA damage

A significant increase in different comet assay parameters

(%T, TL, % DNA in tail, and TM) has been shown in animals

receiving paracetamol (group II) compared with control

animals (group I). Pre-treatment with either ALE or NAC

significantly reduced DNA damage indicated by reduction in

%T, TL, % DNA in tail and TM (Figure 2).

Histopathological findings

Histopathological examination of liver sections from the

control group revealed normal structure of the central vein

(cv) and surrounding hepatocytes (h) (Figure 3A). Similarly,

no histopathological changes were recorded in liver

sections of rats treated with ALE (Figure 3C). Liver

sections of paracetamol-administered animals revealed

severe histopathological alterations appearing as centrolobu-

lar necrosis (n) in the hepatocytes surrounding the central

veins all over the hepatic parenchyma (Figure 3B).

Liver sections of rats pre-treated with either ALE or NAC

restored many of normal hepatic structure and the

centrilobular area revealed lesser degree of degeneration

(Figure 3D and E)

Figure 1. Effect of artichoke leaf extract (ALE) on paracetamol-induced alterations of reduced glutathione (GSH) (A), glutathione reductase (GR)
(B), and glutathione-S-transferase (GST) (C) measured in rats livers. Group I: treated with vehicle; group II: treated with saline + 10% Tween 80 orally
for 14 d followed by paracetamol (2 g/kg, orally); group III: treated with 1.5 g/kg of ALE orally for 14 d; group IV: treated with 1.5 g/kg of ALE orally
for 14 d followed by paracetamol (2 g/kg, orally); group V: treated with 100 mg/kg of N-acetylcysteine (NAC) orally for 14 d followed by paracetamol
(2 g/kg, orally). Results are expressed as the mean ± SEM (n¼ 10) in each group. (a) Significantly different from group I at p50.001. (b) Significantly
different from group II at p50.05. (c) Significantly different from group III at p50.001. (d) Significantly different from group IV at p50.05.

Table 2. Effect of artichoke leaf extract (ALE) on paracetamol-induced
alterations of lipid peroxidation (MDA), SOD activity and NO level
measured in rats livers.

Groups
MDA

(mM/100 mg tissue)
NO

(mmol/gm tissue)
SOD

(U/100 mg protein)

Group I 3.97 ± 0.10 92.04 ± 0.82 3.83 ± 0.09
Group II 8.41 ± 0.26a 176.9 ± 4.26a 2.00 ± 0.13a

Group III 3.42 ± 0.08b 86.41 ± 1.61b 6.10 ± 0.17a,b

Group IV 5.57 ± 0.16a,b,c 130.9 ± 2.61a,b,c 3.01 ± 0.07a,b,c

Group V 6.83 ± 0.13a,b,c,d 148.7 ± 1.99a,b,c,d 2.43 ± 0.07a,c,d

Group I: treated with vehicle; group II: treated with saline + 10% Tween
80 orally for 14 d followed by paracetamol (2 g/kg, orally); group III:
treated with 1.5 g/kg of ALE orally for 14 d; group IV: treated with
1.5 g/kg of ALE orally for 14 d followed by paracetamol (2 g/kg,
orally); group V: treated with 100 mg/kg of N-acetylcysteine (NAC)
orally for 14 d followed by paracetamol (2 g/kg, orally). Results are
expressed as the mean ± SEM (n¼ 10) in each group. MDA,
malondialdehyde; NO, nitric oxide; SOD, superoxide dismutase.

aSignificantly different from group I at p50.001.
bSignificantly different from group II at p50.001.
cSignificantly different from group III at p50.001.
dSignificantly different from group IV at p50.05.

170 E. M. El Morsy & R. Kamel Pharm Biol, 2015; 53(2): 167–173



Discussion

In the present study, we examined the effects of ALE on

paracetamol-induced liver toxicity. Increase in serum ALT

and AST activities following paracetamol administration have

been attributed to the loss of hepatocytes membrane integrity

and cell damage resulting in enzymes release into circulation

(Gupta & Misra, 2006). Pre-treatment with ALE (1.5 g/kg)

reduced serum ALT and AST activities raised by paracetamol,
indicating preservation of structural integrity of hepatocel-

lular membrane. This result was also observed in rats treated

with NAC (100 mg/kg), used as a positive control. These

findings were confirmed by histopathological studies reveal-

ing that ALE and NAC were able to ameliorate hepatic cells

necrosis produced by paracetamol administration.

Oxidative stress is an important mechanism that has been

postulated to be important in the development of paracetamol

toxicity. Thus, increased formation of superoxide would

lead to hydrogen peroxide and peroxidation reactions

(James et al., 2003). SODs are the first and most important

line of antioxidant enzymes against reactive oxygen species

(ROS) and, particularly, superoxide anion radicals (Zelko

et al., 2002). Enhanced generation of superoxide in the

presence of NO will lead to the formation of the

potent oxidant and nitrating agent peroxynitrite (Squadrito

& Pryor, 1998).

In the present study, paracetamol administration caused

increased hepatic lipid peroxidation. On one hand, we

observed also a significant reduction in hepatic SOD activity,

indicating a decrease in the antioxidant capacity. This may be

attributed to the consumption of SOD in ROS detoxification

(Mladenović et al., 2009). It was also shown that SOD is

inhibited by oxygen-derived free radicals (Pigeolet et al.,

1990). On the other hand, we found that NO liver content

increased significantly. This is in accordance with previous

studies reporting that toxic doses of paracetamol led to

increase NO synthesis and the formation of nitrotyrosine–

protein adducts due to nitration of tyrosine by peroxynitrite

(Hinson et al., 1998).

ALE is rich in caffeoylquinic acids and flavonoids giving

it a powerful antioxidant activity (Li et al., 2004). Our

results demonstrate that pre-treatment with ALE-reduced

MDA content and augmented SOD activity indicating a

decrease of oxidative damage. This was accompanied by a

significant reduction in the NO level compared with

paracetamol-treated rats. Our findings, which are in parallel

with previous studies (Gurel et al., 2007; Metwally et al.,

2011), may be due to the reduction of inducible NO

synthase (iNOS) expression leading to decreased NO pro-

duction by the caffeoylquinic acid content of ALE (Olmos

et al., 2008).

In case of paracetamol overdose, the increased production

of NAPQI depletes GSH and inhibits GSH synthesis

(Lauterburg & Mitchell, 1982). This may explain the

significant decrease of the hepatic GSH content in

Figure 2. Effect of artichoke leaf extract (ALE) on paracetamol-induced DNA damage assessed by the comet assay in rats livers. Group I: treated with
vehicle; group II: treated with saline + 10% Tween 80 orally for 14 d followed by paracetamol (2 g/kg, orally); group III: treated with 1.5 g/kg of ALE
orally for 14 d; group IV: treated with 1.5 g/kg of ALE orally for 14 d followed by paracetamol (2 g/kg, orally); group V: treated with 100 mg/kg of
N-acetylcysteine (NAC) orally for 14 d followed by paracetamol (2 g/kg, orally). Results are expressed as the mean ± SEM (n¼ 6) in each group.
(a) Significantly different from group I at p50.05. (b) Significantly different from group II at p50.05. (c) Significantly different from group III at
p50.05. (d) Significantly different from group IV at p50.01.
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the paracetamol-treated group compared with the control

group. We found also that paracetamol reduced the activity of

GST (involved in GSH utilization) and GR (involved in GSH

redox cycling). The reduction of GST effectiveness may be

due to its inactivation by reactive nitrogen species (Wong

et al., 2001) or the decrease in GSH concentration (Czeczot

et al., 2006). Concerning GR activity impairment, it may be

due to the action of ROS or the conjugate between NAPQI

and GSH (Roušar et al., 2010). Pre-treatment of rats given

paracetamol with ALE increased significantly the hepatic

GSH content as well as GST and GR activities compared

with rats administered paracetamol only. This may be due

to the antioxidant capacity of ALE which is rich in

polyphenolic compounds known to act as free radical

scavengers.

It is worthy of note that in the present study, the effect of

ALE was significantly higher than that of NAC concerning

the restoration of GSH and NO levels as well as antioxidant

enzymes (SOD, GST, and GR) activities.

Interestingly, we found that ALE alone increased the

normal activity of enzymatic antioxidants and the normal

level of GSH significantly. This may attribute to its

hepatoprotective effect.

It is well known that increased formation of ROS and

peroxynitrite inside the mitochondria with impaired

detoxification, due to extensive depletion of cytosolic and

mitochondrial GSH levels, leads to mitochondrial DNA

damage and nuclear DNA fragmentation (Ramachandran

et al., 2011).

In the present study, paracetamol administration increased

the frequency of tailed nuclei, tail length, percentage of DNA

in tail, and tail moment in the liver, indicating DNA damage

and apoptosis. This is in accordance with previous studies

reporting genotoxicity of paracetamol (Dybing et al., 1984;

Oshida et al., 2008). Pre-treatment with ALE and NAC

decreased DNA damage. This may be due to recovery of

mitochondrial GSH levels and restoration of the free radicals

scavenging activity.

Figure 3. Hematoxilin- and eosin-stained
sections showing the effect of artichoke leaf
extract (ALE) on histological liver changes
induced by paracetamol. Original
magnification, �40. (A) Group I: treated
with vehicle; (B) group II: treated with saline
+ 10% Tween 80 orally for 14 d followed by
paracetamol (2 g/kg, orally); (C) group III:
treated with 1.5 g/kg of ALE orally for 14 d;
(D) group IV: treated with 1.5 g/kg of ALE
orally for 14 d followed by paracetamol
(2 g/kg, orally); (E) group V: treated with
100 mg/kg of N-acetylcysteine (NAC) orally
for 14 d followed by paracetamol (2 g/kg,
orally). cv, central vein; h, hepatocytes;
d, degeneration; n, necrosis; s, sinusoids.
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Conclusion

ALE protected against hepatotoxicity induced by paracetamol

in rats. The protection exerted by ALE may be due to its

antioxidant and anti-apoptotic properties.
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