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Introduction

P aracetamol, a commonly used analgesic, is considered safe 
at therapeutic doses. However, an overdose of paracetamol 
causes severe hepatotoxicity and necrosis in both humans 

and experimental animals.1,2  At therapeutic levels, paracetamol is 
primarily metabolized in the liver by glucuronidation and sulpha-
tion; however, a small proportion undergoes cytochrome P450 
(CYP450)-mediated bioactivation to N-acetyl-p-benzoquinoimine 
(NAPQI), which is rapidly quenched by glutathione (GSH).3 After 
an overdose of paracetamol, elevated levels of the toxic NAPQI 
metabolite are generated, which extensively deplete hepatocellu-
lar GSH and covalently modify cellular proteins resulting in hepa-
tocyte death.4,5 

Although the precise biochemical mechanism of cell necrosis 
is not fully understood, it is generally recognized that there is a 
simultaneous involvement of covalent binding, lipid peroxida-
tion and oxidative stress.6, 7 Many authors have demonstrated that 
honey is effective in reducing the risk of heart disease, cancer, 

-
matory processes.8 However, since the etiology of most diseases 

involves oxidative damage, it is possible that some of the thera-
peutic properties of products produced by the honeybee are based 
on their antioxidant capacities.9

Over the past few years the use of honey in different pathologies 
has re-emerged, mainly due to clinical observations of its hepato- 
and gastro-protective effects as well as acceleration of wound 
healing.10,11 Honey contains important components that can act as 

-

compounds.12–14 

-
tained from the plant Silybum marianum or milk thistle and is 
composed of three isomers: silybinin, silydianin and silychristin, 
of which silybinin is quantitatively the most important.15 Silybinin 
has been shown to inhibit the function of Kupffer cells, which 

16,17 In addi-
tion, silymarin stabilizes the lipid structures in the hepatocellular 
membrane, which may generally apply to all cell membranes and 
even outside the liver.17

The aim of the present study is to evaluate the protective effects 
of honey in paracetamol-induced hepatotoxicity. Considering the 
fact that the initial event in paracetamol-induced hepatotoxicity is 
a toxic-metabolic injury that leads to hepatocyte death by necrosis 

we have also estimated the effects of honey on serum levels and 

examination of liver sections from all studied groups was per-
formed.
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Materials and Methods

Drugs and Chemicals 
Paracetamol and silymarin were provided as gifts from Sedico 

Pharmaceutical Company. Honey was purchased from the Agri-
cultural Research Center, El-dokki, Cairo, Egypt. The fresh mul-

farm of the Agricultural Research Center which is based in El 

described as a mixture of various natural plants. Honey was stan-
dardized in the National Research Center, El-dokki, Cairo, Egypt.  
It is a complex mixture of carbohydrates, fatty acids, proteins 

Honey was dissolved in distilled water and orally administered 
in doses of 5, 10 and 20 g/kg, respectively. Kits for determination 
of serum aspartate aminotransferase (AST), serum alanine amino-
transferase (ALT), GSH, glutathione peroxidase (GPx) and malo-
ndialdyhyde (MDA) levels were obtained from Biodiagnostics, 

Animals
Adult male albino rats of weights 150 – 200 g were purchased 

from the Faculty of Medicine, Cairo University (Cairo, Egypt). 
The animals were kept under suitable laboratory conditions 
throughout the period of investigation. Animals were fed standard 
pellet chow (EI-Nasr Chemical Company, Cairo, Egypt) and al-
lowed free access to water. The study was carried out according 
to the guidelines of the Ethics Committee of the Faculty of Phar-
macy, Cairo University.

Experimental design
Six groups each that were comprised of six male Wistar albino 

rats were selected. The animals were orally treated for seven suc-
cessive days as follows: groups I and II received normal saline (5 
ml/kg) and served as the normal and control groups, respectively. 
Group III received silymarin (100 mg/kg/day) whereas groups IV-
VI received 5, 10 and 20 g/kg honey, respectively.

On the sixth day (i.e., one day before the last treatment) animals 
of all groups fasted for 18 hours. On the seventh day, 1 h after the 

were given paracetamol (2 g/kg; p.o.). Blood samples were col-
lected from the retro-orbital plexus of all rats 24 h after paraceta-
mol administration. The separated sera were used for estimation 

the liver was homogenized by using cold saline to prepare a 10% 
homogenate that was used for estimation of the chosen biochemi-
cal parameters. The second part of the liver was preserved in 10% 
formalin for histological examination.

Determination of biochemical parameters in the liver
Treatment of liver samples
Prepared homogenates were divided into three aliquots. The 

acid. The obtained supernatant, after centrifugation at 1000 x g, 
was used for the estimation of GSH. The second aliquot was cen-
trifuged at 1000 x g and the resultant supernatant was used for 

homogenate was used to prepare a cytosolic fraction of the liver 
by centrifugation at 105,000 x g for 15 min at 4ºC using a cooling 
ultra-centrifuge (Sorvall Combiplus T-880, Du Pont, USA). The 
obtained clear supernatant (cytosolic fraction) was used for the 
determination of GPx activity.

Estimation of the chosen biochemical parameters 
Serum ALT and AST activities were estimated using commer-

cial kits and expressed as U/L. Hepatic GSH content and GPx 
activity were determined using a biodiagnostic kit and expressed 
as nmol/g. wet tissue and U/g. wet tissue, respectively. MDA con-
tent was determined colorimetrically using commercial kits and 
expressed in nmol/g. wet tissue. The serum and liver content of 

as pg/ml and pg/g. wet tissue, respectively.

Statistical analysis 
Values are presented as means ± SE of the mean. Comparisons 

between different groups were carried out by one way analysis 
of variance (ANOVA) followed by Tukey-Karmer multiple com-

P < 0.05. SPSS 
was used for statistical analyses. 

Results

Administration of paracetamol (2 g/kg) to animals that fasted for 
18 h resulted in a 34-fold increased serum ALT level and a 17-fold 
increased AST level compared to the normal value (Figures 1 and 
2). Prophylactic treatment with silymarin (100 mg/kg) and honey 
(5, 10 and 20 g/kg) prevented paracetamol-induced elevations in 
ALT and AST levels  compared to the paracetamol control group 
(Figures 1 and 2).

Paracetamol caused marked depletion of hepatic GSH stores by 
66% compared to the normal group (Figure 3). Pretreatment with 
silymarin or honey (20 g/kg) protected against GSH depletion by 
42% and 44% respectively, compared to the paracetamol control 
group (Figure 3).    

-
duced by 51% compared to the normal group.  This effect was 
prevented by pretreatment with silymarin and honey (20 g/kg) by 
55% and 48%, respectively, compared to the paracetamol control 
group (Figure 4).  

-
tion in liver MDA content compared to the normal group (Figure 
5). Pretreatment with silymarin ameliorated this effect by 55%; 
this effect was also ameliorated by honey at the following doses: 
5 g/kg (57%), 10 g/kg (57%) and 20 g/kg (65%) compared to the 
paracetamol control group (Figure 5).    

-
tenuated by 20% in groups pretreated for one week with silymarin 
(100 mg/kg) and in honey at the following doses: 5 g/kg (14%), 
10 g/kg (24%) and 20 g/kg (29%) compared to the paracetamol 

content was ameliorated in the groups pretreated for one week 
with silymarin (10%); a 12% improvement was seen in the group 
treated with 5 g/kg honey, whereas a 20% improvement was 
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noted in the group that received 10 g/kg honey compared to the 
paracetamol control group (Figure 6b).

Histologically, animals of group I (normal group) had normal 
hepatic architecture. The central veins, portal tracts, hepatocytes 
and sinusoids were of normal appearance (Figure 7). Group II 
(control group that received paracetamol) showed degenerative 
changes in most of the hepatic lobules (Figure 8). Wide areas of 
centrilobular coagulative necrosis with severe congestion and 
dilatation in both central and portal veins were also observed. The 
coagulative necrosis was characterized by loss of cellular detail 
and general architecture of hepatic parenchyma associated with 

the remaining intact hepatocytes (Figure 8).
However, the rat groups that were pre-treated with silymarin and 

-
cant liver protection against paracetamol-induced liver damage, 
as evident by the presence of normal hepatic cells and absence of 
necrosis (Figures 9 and 12). 

Honey (5 g/kg) given prophylactically for one week did not pre-
vent paracetamol-induced hepatic damage as noted by the pres-
ence of  centrilobular coagulative necrosis characterized by loss 
of cell details which were observed in the examined liver sections, 
with some histologically intact hepatic parenchyma (Figure 10). 

In case of sections from rats pretreated with honey (10 g/kg), 

the hepatocytes showed hydropic degeneration in the cytoplasm 
characterized by intracytoplasmic vacuoles with eccentric nuclei 
(Figure 12). Diffuse Kupffer cell proliferation was also detected 
in between the hepatocytes (Figure 11).

Discussion

In the present study, administration of paracetamol (2 g/kg, p.o.) 
to fasting rats resulted in massive increases in both serum ALT 
and AST levels. Several researchers have reported elevations in 
serum transaminases following administration of toxic doses of 
paracetamol in rats.7,18,19

Owing to their high concentrations and ease of liberation from 
the hepatocyte cytoplasm, ALT and AST are sensitive indicators 
of necrotic lesions within the liver.18,20 Hence, the marked release 
of transaminases into the circulation is indicative of severe dam-
age to hepatic tissue membranes during paracetamol intoxica-
tion.21,22

-
ties in the honey and silymarin treated groups demonstrated their 
hepatoprotective effects against paracetamol damage. Similar 
results have been reported by other investigators.7,23–25 The pro-
tective effects of silymarin and honey could be explained via the 
preservation of membrane integrity mediated by their observed 

(a)

Paracetamol

*

*

*
*

* @
@

@
@

(b)

Paracetamol

*
* *

*

*

@ @
@

@

Figure 6. Effect of silymarin and varying doses of honey on serum level a) and liver content b)
P @ P
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antioxidants effects.
Histological examinations of liver sections of rats subjected to 

paracetamol hepatotoxicity revealed degenerative changes that 
involved the hepatocytes and cells that line the blood sinusoids. 
The damage extended to the majority of the hepatic lobule with 
marked loss of its normal pattern. These changes positively cor-
related with the noted increases in transaminase activities.

In the present study, paracetamol administration was accompa-
nied by increased lipid peroxidation, depletion in GSH stores and 
reduced GPx activity in the liver. It has been generally accepted 
that P450-dependent bioactivation of paracetamol is the main 
cause for potentially fulminant hepatic necrosis upon administra-
tion or intake of lethal doses of paracetamol.26,27 NAPQI is ini-

-
capturic acid.28 Under conditions of NAPQI formation following 
toxic paracetamol doses, GSH concentrations become very low in 
the centrilobular cells,29–31 which could account for the observed 
depletion in liver GSH stores.

GPx plays a critical role in maintaining balance in the redox sta-
tus of animals under acute oxidative stress and protects against 

chemically-induced oxidative destruction of lipids and pro-
teins.32 Consequently, it could be consumed during this process 
which would explain the observed reduced GPx activity in the 
paracetamol-treated group. 

Increased lipid peroxidation, as evidenced by the elevated lev-
els of MDA in hepatic tissues demonstrated in the present study 
after administration of paracetamol could be expected owing to 
the depletion in GSH stores and reduced GPx activity. It is well 
documented that liver tissue contains a relatively high content 
of polyunsaturated fatty acids (PUFAs), which are sensitive to 
peroxidative damage,33,34 another reason that could explain the 
marked effects of paracetamol on lipid peroxidation that has been 
observed in the liver in this study. 

The observed protective effect of silymarin against lipid peroxi-
dation could be related to its antioxidant effects which assist in the 
preservation of membrane integrity. This has also been supported 
by the observed parallel protection against paracetamol-induced 
depletion in GSH stores and GPx activity. Similar results have 
been reported by other investigators.19,23 Flavonoids as silymarin 
can chelate transition metal ions such as iron and copper, render-

Figure 9. Photomicrograph of liver section of a rat pretreated for one Figure 10. Photomicrograph of liver section of a rat pretreated for one 

Figure 11. Photomicrograph of liver section of a rat pretreated for one Figure 12. Photomicrograph of liver section of a rat pretreated for one 
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ing them effective antioxidants.35 In addition, silymarin by virtue 
of increasing GSH content in some tissues might protect these tis-
sues against the toxicity of GSH depletors such as paracetamol.36

In the present study, pretreatment with honey prevented parac-
tamol-induced increase in lipid peroxidation, depletion of GSH 

that reduction of oxidative stress by honey plays an important role 
in the mechanism of its hepatoprotective effects. 

Honey contains a variety of antioxidant phenolics such as pino-

which makes it a good antioxidant supplement and increases its 
usability potential in ethnomedicine.37,38 The antioxidant effects 
of the phenolic compounds are related to a number of different 
mechanisms, such as free radical-scavenging, hydrogen-donation, 
singlet oxygen quenching, metal ion chelation, and their action as 
substrates for free radicals such as superoxide anion and hydroxyl 
radical.39–41

In the present study, paracetamol hepatotoxicity was associated 

results were reported by other investigators.42–45 

Signaling through the IL-1 receptor (IL-1R) was recently shown 
to play an important role in paracetamol-induced hepatotoxic-
ity.46

Activation of Toll-like receptors (TLRs) by pathogen-associated 

-

release the active molecule.47,48

Pretreatment with silymarin in the present study decreased serum 

hepatotoxicity. Similar results were reported by Soon et al.49 who 
showed that silymarin has an inhibitory effect on the secretion 

macrophages.
Previous studies have shown that silymarin has an inhibitory ef-

fect on NF-kB/Rel activity in a human hepatoblastoma-derived 
cell line and human histiocytic lymphoma cells.50,51 Activation of 
NF-kB/Rel transcription factor leads to the increased production 

52–54

Soon et al., in 2004, have demonstrated that NF-kB/Rel 
DNA binding is completely blocked by silymarin treatment in 
RAW264.7 cells. These results may suggest that inhibition of IL-

inhibition of the NF-kB/Rel transcription factor.
In the present study, prophylactic treatment with honey (5 and 

rats subjected to paracetamol hepatotoxicity; whereas the highest 

al.55 have reported that components isolated from honey stimulate 

that a variety of honey types stimulate human monocytic cells to 
-

tion and tissue repair.56

Honey has been reported to stimulate monocytes in cell cultures 
-

mediates in the immune response. Honey also supplies glucose 

that is critical for the ‘respiratory burst’ in macrophages needed 
to generate hydrogen peroxide, and it provides substrates for gly-
colysis needed for energy production in macrophages.57

Tonks et al. have demonstrated increased production of cyto-
kines by myeloid cells in response to treatment with honey. The 
authors have related this effect to the 5.8 kDa moiety isolated 

monocytes via interactions with TLR4.  
In conclusion, the results of this experiment demonstrate a po-

tent hepatoprotective action of honey in paracetamol-induced 
oxidative stress and liver toxicity in rats. Such effects can be cor-
related directly with its ability to reduce lipid peroxidation and 
enhance the antioxidant defense status. Thus honey may be used 
as a safe, cheap, and effective alternative chemopreventive and 
protective agent in the management of liver diseases.
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