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Abstract 

Fulminant hepatic failure (FHF), also known as acute 

liver failure, is the rapid development of acute liver 

injury with severe impairment of the synthetic 

functions and hepatic encephalopathy. FHF can be 

induced by LPS/D-GalN administration. The aim of 

the study is to evaluate the possible curative effect 

silibinin on LPS/D-GalN treated rats’ liver. Rats 

were randomly divided into a normal control group 

that received saline only, LPS/D-GalN group which 

received LPS (15 μg/kg) and D-GalN (300mg/kg) 

and silibinin group that was exposed to a single 

intraperitoneal injection of D-GalN (300mg/kg), LPS 

(15 µg/kg), followed by intraperitoneal injection of 

silibinin (50 mg/kg) for a week. 

We found that LPS/D-GalN significantly increased 

reactive oxygen species formation, lipid 

peroxidation, the oxidative stress marker MDA, ALT 

and AST liver enzymes activity, and also 

significantly decreased the levels of antioxidants 

(catalase and glutathione). On the other hand, we 

observed a significant decrease in MDA, ALT and 

AST activity in the group treated with silibinin and it 

restored the depletion in catalase and glutathione.  

In conclusion, silibinin can be considered as a 

powerful hepatoprotectant.  

 

Keywords: LPS/D-GalN, FHF, silibinin, oxidative 

stress 

1. Introduction 

The liver is the largest internal organ in the body. It 

is dark red-brown with a soft spongy texture, and it is 

located below the diaphragm on the right side of the 

abdominal cavity with four incompletely separated 

lobes 
1,2

.  

Liver tissue consists of 4 main types of cells: 

hepatocytes, endothelial cells, Kupffer cells and 

stellate cells. The hepatocyte is a cell of the main 

parenchymal tissue of the liver. Hepatocytes make 

up 70-85% of the liver's mass and they are the 

biosynthetic engines of the liver as they synthesize 

and secrete a variety of proteins. The Kupffer cells 

function as macrophages, and the stellate cells store 

fat and vitamin A 
3
. The liver performs many 

essential functions including bile formation and 

excretion, synthesis of liver proteins, detoxification 

of xenobiotics and endogenous compounds, and 

regulation of blood glucose 
4
. 

Fulminant hepatic failure (FHF) is a life-threatening 

illness, where a previously normal liver fails within 

days to weeks. Sudden loss of synthetic and 

detoxification function of liver results in jaundice, 

encephalopathy, coagulopathy and multiorgan failure 
5
. 

Lipopolysaccharide (LPS) is a known endotoxin 

located on the outer membrane of Gram-negative 

bacteria 
6,7

. It’s a potent activator of the innate 

immune response which activate complex signaling 
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cascades that lead to the release of pro-inflammatory 

cytokines 
8
. LPS has been demonstrated to cause 

inducible nitric oxide synthase (iNOS) expression in 

Kupffer cells and hepatocytes. Consequently, there is 

a potential for large amounts of nitric oxide (NO) to 

be generated in the liver, which could impair hepatic 

function by direct injury to hepatocytes 
9
. 

D-Galactosamine (D-GalN) is a hepatotoxicant that 

induces a diffuse type of liver injury closely 

resembling human viral hepatitis 
10,11

. D-GalN can 

produce acute liver necrosis and apoptosis.  

Combination of D-GalN and LPS lead to excessive 

generation of reactive oxygen species (ROS) which 

through their oxidative damage lead to fulminant 

hepatic failure 
12,13

. 

As oxidative stress is the main pathogenic 

mechanism leading to liver damage 
14

, liver 

enzymes, alanine amino transferase (ALT) and 

aspartate amino transferase (AST), are commonly in 

the evaluation process of patients with hepatic 

disorders as they are mostly found in the liver and to 

some extent normally found in the blood stream, but 

when liver injury happens, it escapes from destroyed 

hepatocyte to the blood stream in large quantities 
15,16

. 

Malondialdehyde (MDA) results from lipid 

peroxidation of polyunsaturated fatty acids by ROS 
17

. This compound is a reactive aldehyde and is one 

of the many reactive electrophile species that cause 

toxic stress in cells and form covalent protein 

adducts referred to as advanced lipooxidation end-

products (ALE), in analogy to advanced glycation 

end-products (AGE). The production of MDA is 

used as a biomarker to measure the level of oxidative 

stress in an organism 
18

. 

Antioxidants are the defense mechanisms with which 

the human and animal are provided to guard against 

ROS. Antioxidants, either naturally generated in situ 

(endogenous antioxidants), or externally supplied 

through foods (exogenous antioxidants) can 

neutralize the excess of free radicals protecting the 

cells against their toxic effects, and contribute to 

disease prevention 
19 

Silibinin, also known as silybin, is the major active 

constituent of silymarin, the standardized extract of 

the milk thistle seeds 
20

. It  exhibits a number of 

pharmacological effects, particularly in the liver 
21

. 

The best known mechanism of  action of silibinin is 

antioxidant, free radical scavenging and inhibition of 

lipid peroxidation 
22,23

. Silibinin-treated cells are 

more resistant to cell lysis upon exposure to 

oxidizing agent. It protects the liver from oxidative 

intracellular free radicals by increasing the activity of 

enzymes superoxide dismutase and peroxidase, as 

well as by increasing the concentration of 

glutathione. Silibinin strengthens and stabilizes the 

cell membranes, inhibits the synthesis of 

prostaglandins associated with the lipid peroxidation, 

and promotes regeneration of liver through the 

stimulation of protein synthesis and production of 

new hepatocytes 
23

. Silibinin supplementation limits 

hepatic glutathione (GSH) depletion and hydrogen 

peroxide (H2O2) production. It also prevents hepatic 

mitochondrial dysfunction, and reduces hepatic 

enzyme elevation 
24

. 

Catalase (CAT) is one of the most important 

intracellular enzymes involved in the detoxification 

of  H2O2 
25

 . CAT has been identified in most aerobic 

cells where it is mainly found in the peroxisomes to 

destroy H2O2 generated by oxidase enzymes within 

these subcellular organelles 
26

 .  

Glutathione-S-transferase (GST) is a family of 

enzymes involved in the binding, transport and 

detoxification of a wide variety of endogenous and 

exogenous compounds 
27

. GST plays a role in cell 

defense by eliminating noxious reactive electrophilic 

xenobiotics and their metabolites from the body as 

GSH-conjugates 
28

. These electrophiles are 

potentially toxic and can bind to nucleophiles, such 

as proteins and nucleic acids, causing cellular 

damage and genetic mutations 
29

. 

2. Materials and Methods 

2.1 Experimental animals 

Male Wistar rats, weighing 180±20 g, were 

purchased from Beni-suef University Animal house. 

They were kept under suitable laboratory conditions 

for three weeks for adaptation before the start of 

experiment, and to exclude any intercurrent 

infection. They were fed on the standard diet 

(ATMID company, Egypt) and provided with tap 

water. 

2.2 Drugs, Chemicals and reagent kits 

Lipopolysaccharide, D-galactosamine and 

silibinin were purchased from Sigma (St Louis, MO, 

USA). CAT, MDA and GSH kits were obtained from 

Biodaignostic (Egypt). ALT, AST kits were 

purchased from Human Biochemica Und 

Diagnostica mbH (Ggesellschaft Fü r). 

2.3 Experimental design 

Thirty male Wistar rats were randomly divided 

into a normal group (saline), LPS/D-GalN group, and 

silibinin group. LPS and D-GalN were administered 

once by intraperitoneal route at a dose of 15 µg/kg 

and 300 mg/kg respectively, given both to LPS/D-
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GalN group, and silibinin group. Silibinin is injected 

intraperitonially at a dose of 50 mg/kg for a week. 

All injections were prepared individually by 

dissolving the calculated required dose in saline as a 

vehicle. 

2.4 Preparation of samples 

Blood samples were collected into sterile tubes 

containing EDTA for plasma separation, and then 

centrifuged at 1500 rpm for 30 minutes. Plasma 

was used for ALT and AST activity assessment. The 

rats were euthanized by carbon dioxide asphyxiation 

for tissue sampling, and their livers were removed 

and washed with normal saline. The liver tissue was 

washed with distilled water and homogenized in ice-

cold 50 mM sodium phosphate buffer (pH 7.4) 

containing 0.1 m M EDTA. The supernatant, 

separated by funds of cooling centrifugation at 5000 

r.p.m for 20 min at 4 ˚C, was used for the analysis of 

MDA, GSH and CAT.  

2.5 Biochemical tests  

2.5.1 Determination of ALT and AST 

activity in plasma  

ALT and AST activities were measured in 

plasma using kits according to the method provided 

by the manufacturer
30

 . 

Measurements for markers of oxidative stress 

and antioxidants 

2.5.2 Determination of liver 

malondialdehyde (MDA) level in liver 

tissue homogenate 

MDA was determined in liver tissue 

homogenate according to the manufacturer method 
31

. 

2.5.3 Determination of Catalase activity 

(CAT) 

CAT activity was assayed in liver tissue 

homogenate according to the provided method 
32

 .  

2.5.4 Determination of Reduced 

Glutathione (GSH) 

GSH was determined in liver tissue homogenate 

according to the method provided in the kit 
33

. 

2.6 statistical analysis 

 The results were expressed as mean ± standard error 

of mean (SEM). The statistical analysis was 

performed using one-way analysis of variance 

(ANOVA), followed by Tukey multiple comparison 

Post-Hoc test. The p-value less than 0.05 (p ˂ 0.05) 

were considered significant. All calculations and 

graphs were made using Statistical Package for 

Social Science 22 (SPSS) (SPSS, Chicago, USA).. 

 

3.  Results 

3.1  Liver function test 

The obtained results, as shown in Table 3-1 and 

Figure 3.1and Figure 3.2, revealed that D-

GalN/LPS significantly increased ALT and AST 

activity in the plasma of the animal when compared 

to healthy control (p≤0.05). On the other hand, 

silibinin significantly reduced the ALT and AST 

activity in plasma of the animal when compared to 

D-GalN/LPS (p≤0. 05). 

3.2 Lipid peroxidation (marked by MDA 

production) 

The results in Table 3-1 and Figure 3.3 clarified that 

D-GalN/LPS administration produced a significant 

increase in lipid peroxidation and MDA level when 

compared to healthy control (p≤0.05). Meanwhile, 

the administrations of silibinin significantly 

decreased the lipid peroxidation product MDA in 

liver tissue when compared to D-GalN/LPS (p≤0. 

05). 

3.3 Enzymatic (CAT) and nonenzymatic 

(GSH) antioxidant machinery 

Table 3-1 and Figure 3.4and Figure 3.5 

demonstrate that D-GalN/LPS administration 

produced a highly significant depletion of the CAT 

enzyme activity and GSH liver tissue content as 

compared to normal control (p≤0.05), while the 

treatment with silibinin significantly restored this 

depletion (p≤0.05). 

 
Table 3-1: effect of silibinin on liver tissue levels of certain 

parameters in rats injected with LPS/D-GalN for induction of FHF 

Groups/ 

parameters 

Normal 

group 

LPS/D-GalN 

group 

Silibinin 

group 

ALT (U/L) 29±1.55 68±4.74a 35±1.27 b 

AST (U/L) 120±1.43 181±13.49 a 144±7.24 b 

MDA 

(nmol/g) 
78±5.22 206±27.83 a 38±4.47 b 

GSH (mg/g) 181±13.09 80±4.14 a 187±6.66 b 

CAT (u/g) 4922±163.79 2830±28.75 a 
4189±126.54 

b 

 
Values are represented as mean ± SEM for 10 rats. 
a significantly different from the normal group at P<0.05 

b significantly different from the normal group at P<0.05 
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Figure 3.1: effect of silibinin on the activity of ALT 
compared to LPS/D-GalN treated animals 

 
Figure 3.2:effect of silibinin on the activity of AST 

compared to LPS/D-GalN treated animals 

 

 
Figure 3.3:effect of silibinin on the levels of MDA  compared to 

LPS/D-GalN treated animals 

 
Figure 3.4: effect of silibinin on the activity of CAT compared to 

LPS/D-GalN treated animals 

 
Figure 3.5: effect of silibinin on the levels of GSH compared to 

LPS/D-GalN treated animals 

4.  Discussion 

The focus of this study was to investigate the 

acute effects of LPS-induced fulminant hepatic 

failure and the possible protection offered by 

administration of silibinin.  

Mostly, the hepatic and systemic toxicities of 

LPS have been attributed to the release of chemical 

mediators such as superoxide, nitric oxide and pro-

inflammatory cytokines, including TNF-α, IL-1β and 

IL-6, which are all formed as a result of the binding 

of LPS to the CD14/LPS-binding protein and Toll-

like receptor-4 (TLR4) on the surface of Kupffer 

cells that have the potential to damage hepatocyte 
3435

. The action of LPS is increased by using D-

galactosamine, the well-known hepatotoxicant, as it 

increases the sensitivity of hepatocyte to the toxic 

effect of lipopolysaccharide leading at the end to 

acute hepatic injury
36,37

. 

In this study, it was observed that a single 

injection of LPS resulted in hepatic injury as 

indicated by significant elevation in the levels of 

serum ALT and AST. This observation is in 

accordance with some earlier reports which have 

shown that LPS induces hepatic damage, and as a 

consequence, increases the level of serum 

aminotransferases 
38,39

. The hepatic function marker 

enzymes are cytoplasmic in nature but are usually 

leaked into circulation when liver damage occurs due 

to an alteration in membrane permeability 
40

. 

Our results in the group treated with silibinin 

showed a significant decrease in levels of ALT and 

AST enzymes. These results are in agreement with 

several studies where silibinin reduced ALT and 

AST activity to the normal levels 
41–44

. This may be 

explained by the resistance rendered to hepatocytes 

by silibinin against cell lysis upon exposure to 

oxidizing agents, by strengthening and stabilizing the 

cell membranes, thus inhibiting the leakage of liver 

enzymes to the circulation 
23,45

. 

In the present study, administration of LPS/D-GalN 

produced a highly significant increase in MDA 
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concentration in liver tissue, which was in harmony 

with previous studies which indicated that MDA 

levels increased to high levels in LPS/D-GalN 

induced liver injury 
46–48

. LPS leads to increased 

ROS level as a consequence of stimulating innate 

immune system and this will lead to increase lipid 

peroxidation with the increase formation of 

malondialdehyde (MDA) as a product of poly 

unsaturated fatty lipid peroxidation 
49

. 

In our study, we found that using silibinin 

significantly decreased MDA level in liver tissue, 

which was the same effect discussed by 
50

 
22,24,51,52

who indicate that silibinin show 

hepatoprotective and free radical scavenging 

property. This can be attributed to the powerful 

antioxidant property of silibinin that decreases the 

oxidative stress and production of intracellular free 

radicals by increasing the activity of enzymes 

superoxide dismutase and peroxidase, as well as by 

increasing the concentration of glutathione, so it 

decreases lipid peroxidation and the production of 

MDA 
23

.  

In our study using of LPS/D-GalN led to make a 

significant decrease in levels of CAT and GSH 

which was in accordance with 
46,53

 who indicate that 

LPS/ D-GalN deplete antioxidant machinery present 

in the liver of rats. An explanation maybe the fact 

that LPS/D-GalN produce high levels of free radical 

that provoke the cells to use enzymatic and non-

enzymatic antioxidant activity to protect cells from 

damage 
54,55

. 

we also showed that silibinin exerted a highly 

significant restoration in enzymatic and non-

enzymatic antioxidant system represented as CAT 

and GSH, respectively. This is due to the free radical 

scavenging property of silibinin, consequently 

oxidative stress significantly decreases and the 

availability of the antioxidant machinery increases 
56

.This result is consistent with the previous 

observation of 
24,51,52,57

 that silibinin increased the 

availability of GSH and CAT, due to its antioxidant 

power. 

So silibinin may be useful as a therapeutic agent for 

FHF induced by LPS/D-GalN. 

5. Conclusions 

In conclusion, silibinin exhibits antioxidant, 

hepatoprotective, free radical scavenging, membrane 

stabilizing powers, and it protects the liver from 

deleterious effects of D-GalN/LPS, suggesting that it 

may be beneficial as a therapeutic agent towards the 

improvement of FHF.. 
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