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Abstract: Endotoxin tolerance (ET) is an important phenomenon, which affects inflammation and phagocytosis. 
Pretreatment with low dose of lipopolysaccharide (LPS) can protect liver injury from various hepatotoxicants such 
as acetaminophen and pseudomonas aeruginosa exotoxin A. The current study aimed to investigate the protecting 
mechanisms of endotoxin tolerance in acute liver failure induced by D-galactosamine (D-GalN)/LPS and possible 
role of toll-like receptors 4 (TLR4) signaling pathway in this phenomenon. Acute liver failure was induced by Injection 
of D-GalN/LPS. To mimic endotoxin tolerance, male Sprague-Dawley rats were treated with low dose of LPS (0.1 
mg/kg once a day intraperitoneally for consecutive five days) before subsequent injection of D-GalN/LPS. Rat sur-
vival was determined by survival rate. Liver injury was confirmed by serum biochemical and liver histopathological 
examination. Inflammatory cytokines were determined by ELISA and nuclear factor-kappa B (NF-κB) (P65), toll-like 
receptors 4 (TLR4) and Interleukin-1 receptor-associated kinase-1 (IRAK-1) were measured by reverse transcriptase 
polymerase chain reaction and western blot respectively. Pretreatment of LPS significantly improved rat survival. 
Moreover, rats pretreated with LPS exhibited lower serum enzyme (ALT, AST and TBiL) level, lower production of 
inflammatory cytokines and more minor liver histopathological damage than rats without pretreatment of LPS. LPS 
pretreatment suppressed production of TLR4 and IRAK-1. LPS pretreatment also inhibited activation of hepatic 
NF-κB. These results indicated that endotoxin tolerance contributed to liver protection against D-GalN/LPS induced 
acute liver failure through down-regulation of TLR4 and NF-κB pathway.
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Introduction

Acute liver failure (ALF) is the result of a cata-
strophic injury to the liver, which develops coag-
ulopathy and encephalopathy within a short 
period of time and induces systemic inflamma-
tion that involves in multi-organs [1, 2]. The 
causes of ALF are diverse including infectious 
or metabolic disease, drug toxicity and a variety 
of other reasons. In general, mechanism to 
develop ALF is considered to be closely related 
to the disorder of the body’s immune balance 
but the specific mechanism is still unclear. 
However, massive necrosis and apoptosis of 
liver parenchymal cells (hepatocytes) are 
believed to release various inflammatory cyto-
kines, which will directly lead to acute liver fail-

ure, systemic inflammation and disorder of 
immune system [3, 4]. Moreover, signaling mol-
ecules such as toll-like receptors (TLRs) also 
play an important role in inflammatory 
necrosis.

Endotoxin, as a gram-negative bacterial lipo-
polysaccharide (LPS), can stimulate release of 
a wide variety of inflammatory mediators, which 
contribute to the development of ALF [5]. Prior 
exposure of innate immune cells like mono-
cytes/macrophages or organs to small amounts 
of endotoxin is known to induce tolerance to 
subsequent endotoxin challenge, a phenome-
non called endotoxin tolerance (ET) [6]. 
Although Dr. Beeson described the phenome-
non of ET more than 60 years ago [7], the 
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mechanism of ET is still yet fully understood 
and more in its clinical application. However, ET 
state can significantly alleviate severity of poly-
microbial sepsis, inflammatory necrosis and 
function damage of organs with decreased 
inflammation and increased phagocytosis [8, 
9]. 

TLRs are membrane receptor and can recog-
nize pathogen-associated molecular patterns 
(PAMPs). They participate in the body’s immune 
response system. LPS is the main component 
of endotoxin and can bind to TLR4. Recent 
studies suggest that TLR pathways may medi-
ate interactions among dendritic cells, T lym-
phocytes and mast cells to modulate allergic 
immune responses [10]. TLR4 is the major pat-
tern recognition receptors (PRR) involved in the 
detection of gram-negative bacteria and their 
associated endotoxins [11]. Once TLR4 is acti-
vated, it will activate transcription factor-nucle-
ar factor-kappa B (NF-κB), which is a down-
stream intracellular molecule of different 
receptors and involves in activation of different 
pro-inflammatory genes expression such as 
pro-inflammatory cytokines. Increased expres-
sion of pro-inflammatory cytokines will also 
activate NF-κB. Therefore, regulation of TLR sig-
naling is important in inflammatory reaction. 
For example, mutation in TLR4 gene could ame-
liorate cellular injury through down-regulation 
of NF-κB activation [12]. Moreover, interleu-
kin-1 receptor-associated kinase-1 (IRAK-1) is 
an important positive regulator of TLR signaling 
and studies have found that enhanced expres-
sion of IRAK-1 could strongly activate the NF-κB 
[13] through binding to Toll-interacting protein 
(Tollip), which suppresses TLR activation and 
phosphorylation to promote inflammatory reac-
tion termination and maintain resting state of 
immune cells.

Because of the important role of NF-κB and 
TLR4 in inflammation, in this study we tested 
whether small dose of LPS could ameliorate 
acute liver failure induced by D-GalN/LPS 
through regulation of TLR4, IRAK-1 and NF-κB 
(p65). It could explain possible role of ET in pro-
tection of inflammatory response induced 
organ injuries.

Materials and methods

Materials

D-GalN (G0500-1 g) and LPS (L-2880-10 mg) 
were purchased from Sigma Chemical (St. 

Louis, MO, USA). Antibodies against TLR4, 
IRAK-1, P65 and β-actin were obtained from 
Santa Cruz Biotechnology (Santa Cruz, CA, 
USA). Murine tumor necrosis factor-alpha (TNF-
α) and interleukin-6 (IL-6) enzyme-linked immu-
nosorbent assay (ELISA) kits were acquired 
from the Beyotime institute of biotechnology 
(Nanjing, China). The mRNA primers (TLR4, 
IRAK-1, P65 and β-actin) and RNAiso Plus 
reagent were purchased from the Aidlab 
Biotechnologies Co., China.

Animals

Male Sprague-Dawley rats weighing 200-220 g 
were purchased from the Shanghai Laboratory 
Animal Center (Shanghai, China). The rats were 
fed with a standard chow diet and water freely. 
They were housed under normal laboratory 
conditions (21 ± 2°C, 12 h light-dark cycle). All 
experiments were conducted under the stan-
dard procedure set by the Committee for the 
Purpose of Control and Supervision of 
Experiments on Animals and the National 
Institutes of Health for the specification use of 
the experimental animals. The research proto-
col was approved by the Animal Ethics 
Committee of Wenzhou Medical University, 
China.

Experimental protocols

D-GalN and LPS were dissolved in sterile 0.9% 
sodium chloride according to the product 
description. The rats were divided into three 
groups randomly: control group, ALF group, 
ET+ALF group. For ET+ALF model, rats were 
given 0.1 mg/kg LPS intraperitoneally once 
every day for five days. In the ALF and control 
groups, rats were injected with the same vol-
ume of sterile 0.9% sodium chloride instead of 
LPS for the same treatment. After five days, 
rats in ET+ALF and ALF groups were given one 
intraperitoneal injection of 500 µL saline con-
taining 800 mg/kg D-GalN (Sigma, USA) and 8 
µg LPS (Sigma, USA). Rats in control group were 
injected with the same volume of sterile 0.9% 
sodium chloride. All rats were finally sacrificed 
with chloral hydrate (1.0 g/kg, intraperitoneally 
(i.p.)) at 2, 6, 12, 24, 48 hours, and blood was 
withdrawn from the heart. Livers were removed 
immediately and stored at -80°C for further 
research. Partial liver specimens were put in 
10% neutral formalin before being processed 
for histopathological analysis. 
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In a separate experiment, survival rate was 
monitored for 3 days after injection of D-GalN/
LPS both in ALF group (n = 10) and ET+ALF 
group (n = 10).

Serum tests and liver histological examination

Liver injury was estimated by biochemical 
serum markers such as ALT, AST and total bili-
rubin (TBiL) and pathological examination. 
Blood assays were performed by a biochemical 
automatic analyzer (Vitros750, Johnson & 
Johnson, Rochester, USA). Serum levels of 
tumor necrosis factor-α (TNF-α) and interleu-
kin-6 (IL-6) were assayed by using antibody 
enzyme-linked immunosorbent assay (ELISA) 
kits according to the product specifications. 
Partial liver tissue samples were embedded in 
paraffin after fixed in formalin. Liver tissues 
were cut into 4 μm sections, which were then 
stained with hematoxylin and eosin (H&E) and 
observed under light microscopy.

RNA isolation and reverse transcription-poly-
merase chain reaction (RT-PCR)

Total RNA was extracted from liver tissue by 
using RNAiso Plus reagent (Aidlab Biote-
chnologies Co., China) in accordance with the 
manufacturer’s description. Reverse transcrip-
tion was conducted using SYBR ExScript 
RT‑PCR kit (Aidlab Biotechnologies Co., China). 
The pri-mers of different genes were listed as 
following: TLR4 (225bp): forward primers: 5’- 
CAGCAAAGTCCCTGATGACA-3’ and reverse pri-
mers: 5’-CCTGGGGAAAAACTCTGGAT-3’. IRAK-1 

(103bp): forward primers: 5’-CCCATGACCCA-
GAGGCAAAA-3’ and reverse primers: 5’-AGC-
AAAGCAGCAGCCCTTTA-3’. P65 (505bp): for-
ward primers: 5’-TTGAGCAGCCCAAGCAGCGG-3’ 
and reverse primers: 5’-GCAGTGTTGGGG-
GCACGGTT-3’. β-actin (149bp): forward primers 
5’-CAAGTTCAACGGCACAGTCAA-3’ and reverse 
primers 5’-TGGTGAAGACGCCAGTAGACTC-3’.

The following protocols were used for amplifica-
tion: the mixture was first denatured at 94°C 
for 5 minutes following 35 cycles of denaturing 
at 94°C for 30 seconds, annealing at 58°C for 
30 seconds (P65), 59°C for 30 seconds (IRAK-
1), 60°C for 30 seconds (TLR4), 61°C for 30 
seconds (β-actin) and extending at 72°C for 20 
seconds followed by a final extension step at 
72°C for 5 min.

Protein isolation and western blotting

Total intracellular protein was isolated using 
lysis buffer (RIPA buffer contains sodium deoxy-
cholate, NP-40, SDS and PBS) supplemented 
with protease inhibitor cocktail. Following heat 
denaturation at 95°C for 5 min, the samples 
(15 µg protein each) were subjected to poly-
acrylamide gel electrophoresis (SDS-PAGE) and 
subsequently transferred onto a nitrocellulose 
membrane. The membrane was then blocked 
by 5% skim milk in TBS for 90 minutes at room 
temperature. The primary antibodies against 
TLR4 (Santa Cruz), IRAK-1 (Santa Cruz), P65 
(Santa Cruz) and β-actin (Santa Cruz) were then 
incubated with the membranes overnight in 
TBST with 1% skim milk at 4°C, respectively. 
After being washed with TBST three times, the 
membrane was incubated with the secondary 
antibodies at room temperature for 1h. The 
bands were then observed by enhanced chemi-
luminescent reagents and exposed to x-ray 
film. 

Statistical analysis

All data are presented as means ± standard 
deviation (SD). Statistical significances were 
analyzed through one-way analysis of variance 
(ANOVA) or the least significant difference (LSD) 
test. Survival after injection of D-GalN/LPS was 
compared using the log-rank method. SPSS19.0 
software (IBM, USA) was used for statistical 
analyses and a value of P < 0.05 was consid-
ered statistically significance.

Figure 1. Effect of LPS pretreatment on survival rate of 
acute liver failure. After injection of D-GalN/LPS, there 
were significant death of rats in ALF group however, there 
was no death of rats in ET+ALF group (P < 0.05 by Log-
rank test). 
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Results

Effect of LPS pretreatment on survival rate of 
ALF

We first examined the effect of LPS pretreat-
ment on rat survival rate. As shown in Figure 1, 
after injection of D-GalN/LPS in ten rats of the 
ALF group, six rats died in total and four of them 
died in the first 12h. The mortality rate of rats in 
ALF group was 60% in 3 days. In contrast, all 
rats survived in LPS pretreated rats in ET+ALF 
group after injection of D-GalN/LPS. The mor-
tality rate was 0% in 3 days. There was a signifi-
cant difference in term of survival rate between 
these two groups (P < 0.05).

Effect of LPS pretreatment on liver injury and 
cytokines release in ALF

Liver injury and cytokines release were then 
investigated. Liver histopathological examina-

tion was observed after H&E staining, there 
was a normal histology of the liver from control 
group (Figure 2). However, liver tissue in ALF 
group and ET+ALF group shown different levels 
of injury with significant difference. In ALF 
group, liver tissue was injured seriously with 
damaged hepatic lobule, ruined hepatic cords, 
and a large number of infiltrated inflammatory 
cells (mostly are monocyte and lymphocyte). 
Necrosis and apoptosis can also be found 
(Figure 2). Meanwhile, liver injury in ET+ALF 
group was not severe. Necrosis of liver cells 
was less, hepatic lobule structure was visable 
and there were less infiltrated inflammatory 
cells (Figure 2). In addition, we examined serum 
markers of hepatic injury. As shown in Table 1, 
after intraperitoneal injection of D-GalN/LPS, 
ALT, AST and TBiL levels were elevated in both 
ALF and ET+ALF group. However, the increase 
in ALT, AST and TBiL in ALF group were much 
higher than that in ET+ALF group (p < 0.05) at 

Figure 2. Histopathological examination of liver section. Liver sections from control, ALF and ET+ALF groups were 
stained with hematoxylin and eosin stain (original magnifications ×200). In control rats the liver tissues appear 
normal, however, the liver sections from ALF group show significant injury, totally damaged hepatic lobule, ruined 
hepatic cords, and a large number of inflammatory cells infiltrated. In ET+ALF rats, liver injury was not severe, he-
patic lobule structure was visable and there was less necrosis of liver cells.

Table 1. Chemistry changes and cytokines production after D-GalN/LPS injection at various time 
points
group ALT (U/L) AST (U/L) TBiL (U/L) IL-6 (A vaule) TNF-α (A vaule) 
control 32.9 ± 7.9 37.1 ± 10.0 7.6 ± 2.6 0.020 ± 0.005 0.023 ± 0.005
ALF2h 87.0 ± 9.5* 359.0 ± 54.7* 11.0 ± 2.6 0.136 ± 0.018* 0.791 ± 0.451*
ALF6h 760.8 ± 160.8* 981.8 ± 93.6* 17.8 ± 3.0* 0.204 ± 0.025* 0.945 ± 0.448*
ALF12h 3474.8 ± 456.2* 3339.5 ± 432.3 32.5 ± 6.8* 0.286 ± 0.027* 1.099 ± 0.474* 
ALF24h 1790.4 ± 127.4* 1878.2 ± 215.9* 65.3 ± 25.6* 0.611 ± 0.178* 1.429 ± 0.631*
ALF48h 1618.6 ± 234.3* 2039.4 ± 165.6* 78.3 ± 15.5* 0.394 ± 0.024* 1.223 ± 0.516*
ET+ALF2h 65.8 ± 10.8 251.3 ± 49.0*,# 10.4 ± 2.2 0.056 ± 0.008 0.402 ± 0.075*,# 
ET+ALF6h 184.1 ± 39.8*,# 323.9 ± 82.8*,# 12.2 ± 2.9*,∆ 0.077 ± 0.007*,# 0.514 ± 0.074*,# 
ET+ALF12h 388.4 ± 53.6*,# 385.2 ± 78.8*,# 20.6 ± 6.7*,# 0.097 ± 0.010*,# 0.635 ± 0.122*,#
ET+ALF24h 387.0 ± 130.5*,# 488.1 ± 65.7*,# 40.1 ± 20.9* 0.251 ± 0.017*,# 0.895 ± 0.152*,#
ET+ALF48h 140.4 ± 30.4*,# 136.8 ± 46.9*,# 50.8 ± 17.3*,# 0.181 ± 0.027*,# 0.757 ± 0.137*,#
Serum concentration of ALT, AST and TBiL; Cytokines production of IL-6 level and TNF-α level. Data shown are mean ± SD of 6 
samples at each time point. *P < 0.05 versus control group; #P < 0.01 versus ALF group; ΔP < 0.05 versus ALF group.
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every time point of the experiment. Moreover, 
ALT and AST in both groups reached the peak 
at 12h and TBiL levels continuously after 
D-GalN/LPS injection respectively. In addition 
to release of liver injury, pretreatment of LPS 
also reduced production of inflammatory medi-
ators (TNF-α and IL-6) (Table 1). Although there 
were increased expression of both TNF-α and 
IL-6 after injection of D-GalN/LPS in both ALF 
and ET+ALF groups, the levels of TNF-α and IL-6 
in ET+ALF rats were significantly lower than that 
in ALF rats (P < 0.05) at every time point of the 
experiment.

Effect of LPS pretreatment on expression of 
P65, TLR4 and IRAK-1 in ALF

To elucidate the effect of LPS pretreatment on 
survival rate and liver injury, we further exam-
ined the mechanisms that may be involved in 
cytokine release specially NF-κB activation. The 

mRNA and protein levels of P65, TLR4 and 
IRAK-1 at 2h, 6h, 12h, 24h, 48h following injec-
tion of D-GalN/LPS were examined by RT-PCR 
and western blot respectively. As shown in 
Figure 3, substantial increases in P65, TLR4 
and IRAK-1 expression were observed both in 
ALF and ET+ALF group compared to that in con-
trol group. However, LPS pretreatment signifi-
cantly reduced the mRNA abundances of P65, 
TLR4 and IRAK-1 in rat liver of ET+ALF group (P 
< 0.05). The protein levels of P65, TLR4 and 
IRAK-1 in liver tissues were further document-
ed by Western Blotting in Figure 4. Compared 
to control group, protein levels of P65, TLR4 
and IRAK-1 were significantly increased in ALF 
and ET+ALF group after D-GalN/LPS injection. 
Moreover, after pretreatment of LPS, the pro-
tein abundance of P65, TLR4 and IRAK-1 were 
significantly reduced at the most time points of 
experiment respectively (P < 0.05, Figure 4).

Figure 3. Inhibitory effects of LPS pretreatment on mRNA abundance of NF-κB pathway in the liver of acute liver 
failure. A displays typical pictures of mRNA abundance in the liver. (B-D) shows the quantitative levels of IRAK-1, 
TLR4 and P65 mRNA measured by RT-PCR respectively. Label M = mark; Lane 1 as control rat; Lane 2-6 represent 
rat liver of ET+ALF group at 2h, 6h, 12h, 24h, 48h after injection of D-GalN/LPS; Lane 7-11 represent rat liver of 
ALF group at 2h, 6h, 12h, 24h, 48h after injection of D-GalN/LPS; Levels of IRAK-1 (B), TLR4 (C) and P65 (D) were 
standardized to β-actin content. All data were expressed as mean ± SD of six rats at every point of time. *Repre-
sents P < 0.05 versus control group; ∆indicates P < 0.05 versus ALF group, #indicates P < 0.01 versus ALF group.
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Discussion

Currently, ALF in liver clinical still remains an 
extremely poor prognosis and results in high 
mortality. Therefore, mechanism research is 
urgently needed for better treatment. When 
liver failure occurs, hepatic function damaged 
seriously accompanied with intestinal endotox-
emia. It has been confirmed that endotoxin (i.e., 
LPS)-mediated macrophage activation and 
inflammatory responses played a significant 
role in acute and chronic liver diseases [14]. 

D-GalN/LPS-induced ALF in mice has been 
used as a promising animal model for simulat-
ing the formation of ALF in human and illumi-
nating the exact pathogenesis mechanism [15]. 
D-GalN can expend uridine monophosphate 
(UMP) in hepatic cells directly, resulting in 

reduction of nucleic acid, glycoprotein and lipid, 
ruining organelle, damaging hepatic cell struc-
ture and function and causing liver apoptosis 
[16, 17]. Liver injury induced by LPS was report-
ed to be related to activation of hepatic sinus 
gap endothelial cells and kupffer cells [18]. 
Therefore, D-GalN with LPS can extend liver 
injury involving biomacromolecule synthesis, 
hepatocyte apoptosis stimulation, free radical 
generation, lipid peroxidation and other various 
mechanisms. In our research, animal model of 
liver injury with the changes of serum ALT, AST, 
TBiL and liver pathology were consistent of clin-
ical observation of patients with ALF. Our find-
ings are also kept in line with other group using 
D-GalN/LPS as ALF model. 

According to our findings, TNF-α and IL-6 could 
play an important role in D-GalN/LPS induced 

Figure 4. Inhibitory effects of LPS pretreatment on protein abundance NF-κB pathway in the liver of acute liver fail-
ure. A displays typical pictures of mRNA abundance in the liver. (B-D) shows the quantitative levels of IRAK-1, TLR4 
and P65 protein measured by Western blot respectively. Label M = mark; Lane 1 as control rat; Lane 2-6 represent 
rat liver of ET+ALF group at 2h, 6h, 12h, 24h, 48h after injection of D-GalN/LPS; Lane 7-11 represent rat liver of 
ALF group at 2h, 6h, 12h, 24h, 48h after injection of D-GalN/LPS. Levels of IRAK-1 (B), TLR4 (C) and P65 (D) were 
standardized to β-actin content. All data were expressed as mean ± SD of six rats at every point of time. *Repre-
sents P < 0.05 versus control group; ∆indicates P < 0.05 versus ALF group, #indicates P < 0.01 versus ALF group.
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ALF, which is similar to reports that described 
D-GalN/LPS induced liver apoptosis is mainly 
mediated by TNF-α [19]. Moreover, TNF-α level 
in GalN/LPS induced ALF was correlated with 
rat survival and apoptosis of hepatocytes [20]. 
Previous clinical studies have shown that 
patients with ALF in critical condition often 
resulted in further liver injury because of sus-
tained severe immune and inflammatory 
responses [21]. In this study, expression of 
inflammatory cytokines (TNF-α and IL-6) was 
closely correlated with liver injury. Moreover, 
these inflammatory cytokines (TNF-α and IL-6) 
also play an important role in immunization.

Immune tolerance can be affected by several 
factors such as deletion of reactive cells, recep-
tor down-regulation, signal retardation and sup-
pression of cytokines [22]. Endotoxin tolerance 
has been reported to have the liver protection 
by preventing hepatic mononuclear cell infiltra-
tion, reducing the production of pro-inflamma-
tory cytokines and inducing the production of 
endogenous anti-inflammatory cytokines [23, 
24]. Our experimental data demonstrated that 
liver injury induced by D-GalN/LPS in rats was 
effectively attenuated by pretreatment of non-
toxic dose of LPS for few days. This protective 
effect of LPS was believed to be related to the 
reduction of inflammatory cytokines, including 
TNF-α and IL-6. However, some studies have 
reported that over-expression of certain cyto-
kines such as IL-10 may be related with endo-
toxin tolerance [25, 26]. In this study, we found 
that LPS pretreatment significantly decreased 
serum levels of TNF-α and IL-6 in D-GalN/LPS-
treated rats. Since TNF-α plays an important 
role in liver failure and IL-6 is one of the most 
important molecules involving in inflammation 
responses, the protective role of LPS pretreat-
ment against D-GalN/LPS-induced liver failure 
could be due to alleviation of inflammation 
responses such as inhibition of cytokines pro-
duction and their signaling pathway.

NF-κB pathway is a critical signal to trigger 
expression of inflammatory cytokines and 
exposure to LPS has been shown to induce 
NF-κB translocation from cytoplasm to the 
nucleus and bind to NF-κB promoter sites on 
DNA to activate transcription of TNF-α [27]. 
Moreover, prevention of NF-κB activation has 
been shown to reduce inflammation and apop-
tosis [15, 28]. TLR4 is one of the most impor-

tant signal-transducing receptors for structur-
ally diverse microbial molecules (LPS) and can 
activate NF-κB to regulate the expression of 
inflammatory cytokines and immune reaction. 
Our results in this study are consistent with pre-
vious reports that D-GalN/LPS induced expres-
sion of TLR4 significantly, and at the same time, 
D-GalN/LPS activated NF-κB signal and 
induced the inflammatory cytokines expres-
sion, which all lead to liver injury. These findings 
are in line with TLR4 knock-out study, which 
indicated reduced inflammatory response and 
liver injury in TLR4ko mice with decreased 
NF-κB activation and reduced TNF-α level [29]. 
Moreover, silencing of TLR4 expression has a 
consequential correlation to inhibition of cyto-
kine IL-6 and IL-8 production in response to 
LPS [30]. Therefore, our study confirmed that 
LPS pretreatment was capable of improving 
animal survival and alleviating liver injury 
induced by D-GalN/LPS. We suspected that 
LPS pretreatment protected the liver from 
D-GalN/LPS induced injury by reducing the 
TLR4 expression and suppressing activation of 
NF-κB.

In addition, IRAK-1, as a key molecule in LPS-
mediated TLR4 pathway, can interact with TLR4 
on cell membrane and activate LPS signal, 
which is similar to the signal transduction acti-
vated by Myeloid differentiation factor 88 
(MyD88). Inhibition of IRAK-1 could alleviate 
inflammatory reactions via down-regulating the 
expression of inflammatory mediators [31, 32]. 
Our results was corresponding to the study that 
IRAK-1 expression was significantly decreased 
in condition of LPS pretreatment. It is worthy of 
attention that signaling pathways can often be 
regulated bidirectionally. In a recent study, inhi-
bition of TNF-α is able to suppress the activa-
tion of TLR4 and NF-κB signaling pathway [33]. 
Therefore, LPS pretreatment may have an 
important role in interaction of signal pathways 
that regulate immunologic balance. Moreover, 
pretreatment with LPS may have an impact on 
autophosphorylation of signal molecules such 
as IRAK-1 and TLR4 leading to integration of 
complex signaling pathways. Or regulation of 
signaling proteins expression may be the key 
point in protecting liver tissues from being 
injured by excessive immune reactions. More 
importantly, understanding of the specific 
mechanisms of endotoxin tolerance will 
improve our knowledge of ALF pathophysiology 
and contribute to the possibility of clinical ther-
apy in future.



LPS pretreatment ameliorates D-GalN/LPS induced acute liver failure

6633 Int J Clin Exp Pathol 2014;7(10):6626-6634

In conclusion, LPS pretreatment significantly 
improved survival and protected liver injury 
from D-GalN/LPS induced acute liver failure. 
The mechanism may be related to effect of LPS 
pretreatment on inhibiting inflammatory cyto-
kines production through TLR4 pathway such 
as NF-κ and IRAK-1. Although time of LPS pre-
treatment could be critical in acute liver failure, 
current study at lease provides new targets and 
treatment options for this disease.
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