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ABSTRACT
OBJECTIVE: We aimed to investigate the protective effect of selected treatment agents on liver injury in lipo-
polysaccharide (LPS)-induced rat sepsis model.
BACKGROUND: The sepsis includes complex infl ammatory responses between a microbial pathogen and the 
host immune system, and leads to organ failure and also death.
METHODS: This study was performed with 29 male Wistar Albino rats. Rats were divided randomly into fi ve 
groups: Sham group, LPS-treated sepsis group, LPS+thalidomide treated group, LPS+etanercept treated group 
and LPS+thalidomide+etanercept treated group, respectively. Liver tissue tumor necrosis factor α (TNF-α), in-
terleukin 1β (IL-1β) and interleukin 6 (IL-6) levels were determined by enzyme-linked immuno-sorbent assay 
(ELISA) method. The expression of nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) was 
performed using western blot analysis.
RESULTS: The levels of tissue TNF-α, IL-1β and IL-6 were found statistically signifi cantly higher in sepsis group 
than in the sham group. TNF-α levels were found statistically signifi cantly decreased in LPS+etanercept and 
LPS+thalidomide+etanercept treated groups when compared with LPS group (p < 0.05). For IL-1β and IL-6 levels a 
statistically signifi cant decline was observed in the LPS+thalidomide and LPS+etanercept treated groups compared to 
the LPS group (p < 0.05). Expression of NF-κB protein in liver tissue was signifi cantly elevated in the LPS group com-
pared to sham group (p < 0.001). In treatment groups, a marked decrease was observed in NF-κB protein expression.
CONLUSION: The results of this investigation suggested that etanercept and thalidomide administration may 
have a benefi cial effect on LPS-induced sepsis. So, the present study may have signifi cant clinical relevance, 
but clinical trials are needed to confi rm these results (Tab. 1, Fig. 1, Ref. 36). Text in PDF www.elis.sk.
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Introduction

Sepsis, a form of systemic infl ammatory response syndrome 
(SIRS), is a result of pathogen or conditional pathogenic bacteria 
invasion into the blood circulation (1). The predominant microor-
ganisms that cause sepsis are gram-negative bacteria. Lipopolysac-
charide (LPS), the main component of the cell wall of gram-neg-
ative bacteria, causes uncontrolled infl ammatory response, organ 
failure and even death (2). During infl ammation, LPS progresses 
to gradually act on a lot of host cells, primarily monocytes and 
macrophages, triggering a number of proinfl ammatory cytokines 
such as tumor necrosis factor alfa (TNF-α), interleukin 1β (IL-1β) 
and interleukin-6 (IL-6) in sepsis (3, 4). The overproduction of 
infl ammatory cytokines causes SIRS, which is the main reason of 
death in septic patients, and they cause a series of cellular-level 
alterations in the vascular and immune systems as well as in the 

remaining tissues, directly or indirectly (2,3). TNF-α has a signifi -
cant role in the development of organ dysfunction due to sepsis. It 
induces organ damage through activation of endothelial cells and 
neutrophils, and additionally, coagulation abnormalities in patients 
with sepsis. In the light of this knowledge, TNF-α inhibition might 
prove to be crucial in treating septic organ dysfunction (5, 6). 

Secretion of cytokines like IL-1β and IL-6 may also be in-
duced by TNF-α (7). It is acknowledged that IL-1β and TNF-α has 
biological and functional similarities (8). They cause more severe 
clinical signs by acting in synergy. High IL-1β levels are detected 
in patients with sepsis. IL-1β secretion also results in symptoms 
such as fever, anorexia, sepsis and hypotension (9, 10).

As another cytokine secreted in sepsis, IL-6 is released by 
macrophages and T cells to induce immune response occurring 
during infection and after trauma, especially burns or other tissue 
damage leading to infl ammation (11). The role of IL-6 levels in 
sepsis and SIRS is a matter of controversy (12), since high levels 
may also be defi ned after trauma, surgical operation, or in autoim-
mune disease patients. Nevertheless, IL-6 expression and sepsis 
severity are correlated (13). 

Nuclear factor kappa B (NF-κB) is the fi nal target of agents 
that induce septic shock. NF-κB participates in or controls the 
transcription of more than 200 genes that take part in the selec-
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tion of physiological and pathophysiological processes, particu-
larly regarding immunity and infl ammation. NF-κB activation is 
a central molecular occurrence leading to pathogenesis of organ 
injury and lethality during sepsis. In in vivo models, both LPS and 
bacteria challenge have been shown to increase NF-κB activation 
in a variety of different tissues and organs. NF-κB activity is also 
perceptibly increased in septic shock patients, while the degree 
of NF-κB activity and the severity of the disease are correlated. 
Higher NF-κB activity is linked to higher rates of mortality and 
worse clinical outcome. Transcriptional expression of several pro-
infl ammatory genes playing important part in the pathophysiology 
of sepsis is mediated by activation of NF-κB (14, 15).

Despite the improved outcome of sepsis due to the increased 
and early use of antibiotics, corticosteroids, and supportive care, 
the incidence of severe sepsis is still increasing. Currently, there 
are no clinically specifi c therapeutic agents. Controlling the patho-
logical effects of excess IL-1β, IL-6, TNF-α and NF-κB production 
is important for sepsis therapy; in vitro and in vivo experiments 
employ a large number of therapeutic agents. One of these is tha-
lidomide, which has been demonstrated to suppress production 
of TNF-α by human monocytes in vitro (12, 13) and to stabilize 
elevated serum levels of TNF-α in vivo. The main infl uence of 
thalidomide is the selective down-regulation of TNF-α produc-
tion by monocytes’ activation. However, comparable inhibiting 
effects have also been reported for IL-6 and, to a smaller extent, 
in production of interferon-gamma (IFN-γ). Another therapeutic 
agent is etanercept, which is a fusion protein formed by recom-
binant DNA. It binds specifi cally to TNF-α and blocks its com-
munication with TNF-α receptors on the cell surface. Etanercept’s 
inhibition of TNF-α decreases infl ammatory response and this is 
particularly useful in the treatment of autoimmune diseases (16).

In order to further explore the potential applicability of thera-
peutic NF-κB inhibition in sepsis and to investigate the variables 
that might alter the effectiveness of this approach, we have pro-
vided two agents separately and together as treatment agents in 
the novel study. Also, we aimed to investigate the protective role 
of selected treatment agents on liver injury, NF-κB expression and 
sepsis-related proinfl ammatory cytokines in LPS-induced rat sepsis 
model, because the animal models that accurately mimic human 
disease are extremely valuable as they speed up the development 
of clinically useful therapeutics.

Materials and methods

Animals
This study comprised of 29 male, one-week-old Wistar Al-

bino rats (body weight, 10.3 ± 2.4 g). All animals were housed 
at the Firat University Experimental Animal Center (Elazig, Tur-
key) in a controlled environment (12:12 h light/dark cycle with a 
temperature of 22 ± 2 °C and a relative humidity of 50 – 60 %). 
All groups were given standard rat chow and the daily care for 
the animals was performed. All experimental procedures were 
approved by the Clinical Ethics Committee and the Animal Care 
Committee of Firat University (Number of Meetings: 17, Deci-
sion No: 156). The rats were randomly divided into fi ve groups: 

sham and endotoxic groups. Sham group’ rats (n = 10) were given 
1 mL intraperitoneal (i.p.) injection of 0.9 % saline solution. For 
endotoxic treatment, rats were divided into four groups injected 
intraperitoneally with LPS (Escherichia coli 0111:B4, 5 mg.kg–1 
body weight, a single dose), LPS+thalidomide (ED50 for rats, 0.5 
mg.kg–1 body weight), LPS+etanercept (ED50 for rats, 1 mg.kg–1 
body weight) and LPS+thalidomide+etanercept. The volume of 
each dose administered was 4 ml.kg–1 body weight. Treatment 
agents were administered to rats taking into account therapeutic 
anti-infl ammatory doses (ED50) and half an hour later LPS in-
jection. All injections were prepared fresh on the treatment day.

Animals were sacrifi ced 24 h after LPS-challenge to obtain 
liver tissue. And still all animals received humane care, and all 
study protocols were approved by the institutional animal care 
and use committee.

Preparation of tissue homogenates
After being blotted dry on fi lter papers, the tissues were 

weighed and homogenized in 0.1 M PBS using automatic tissue 
homogenizer (Ultra TurraxType T25-B, IKA Labortechnic, Ger-
many) at 3,000 rpm for 10 min at 4 °C. Samples were clarifi ed 
by two rounds of centrifugation at 6 000g for 20 min at 4 °C. The 
resulting supernatants were collected and stored at –80 °C for 
assays. TNF-α, IL-1β and IL-6 levels in liver supernatant were 
determined by rat enzyme-linked immunosorbent assay (ELISA) 
kits (Sunred Biological Techonogy/Shanghai, China) according 
to manufacturer’s recommendations. The optical density of each 
well was measured at 450 nm using an ELX 800 ELISA reader. 
The concentrations were calculated based on standard curves. 

Western blot analysis of NF-kB
Excised, the frozen liver tissues were weighed and homog-

enized with RIPA lysis buffer with Cocktail protease inhibitor uti-
lizing an automatic tissue homogenizer (Ultra TurraxType T25-B, 
IKA Labortechnic, Germany). All procedures were performed at 
4 °C; according to the manufacturer’s instructions. Homogenized 
samples were centrifuged at 10.000× g for 10 minutes to acquire the 
supernatant and then recentrifuged to form a clear lysate. Samples 
were stored at −80 °C until analysis. The amount of protein in the 
samples was determined with a Qubit fl uorometer using a Quant-
iT™ protein kit. Fifty micrograms of the total protein were loaded 
on gels (NuPAGE 4 – 12 % Bis-Tri; Invitrogen) for electrophoresis, 
transferred to a polyvinylidene fl uoride (PVDF) membrane, and 
probed with rabbit polyclonal antibody against polyclonal rabbit 
NF-κB-p105 (1:500~1:1000, obtained from arigo. biolaboratories, 
Taiwan, Republic of China). After the membranes were washed with 
Tris-buffered saline-Tween (TBST), incubated with a horseradish 
peroxidase-conjugated secondary antibody, the bands were exposed 
using an enhanced chromogenic kit (Western Breeze Chromogen-
ic Immunodetection Kit; Invitrogen). After development protein 
bands were visualized with Image-pro Plus 6.0 analysis software.

Statistical analysis
All statistical analyzes were performed with SPSS 22.0 sta-

tistical software package (IBM, Armonk, NY, USA) for this pur-
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pose. A value of p < 0.05 was considered to be signifi cant. Com-
parisons between different groups were performed using the one 
way analysis of variance (ANOVA). Differences were considered 
signifi cant at probability levels of p < 0.05 with the Tukey HSD 
method. The results are presented as mean ± standard deviation 
of the mean (SD). 

Results

The levels of tissue TNF-α, IL-1β and IL-6 for all groups were 
presented in Table 1 as mean±SD. All cytokines levels were found 
to be higher in the LPS-treated group with respect to the sham group. 

As a proinfl ammatory cytokine, TNF-α levels were examined 
because they have an important role in pathogenesis of sepsis. LPS 
stimulated TNF-α production and a high amount of the cytokine 
was measured in liver tissue of the rats injected with LPS. Com-
pared with the level of TNF-α in the sham group (148.944 ± 14.45 
ng/100 mg wet tissue), LPS profoundly increased (267.311 ± 98.15 
ng/100 mg wet tissue; p < 0.005) in liver tissue. The group treated 
with etanercept displayed a signifi cant (160.207 ± 24.85 ng/100 
mg wet tissue; p < 0.005) reduction of TNF-α compared with LPS 
group. Co-administration of thalidomide with LPS+etanercept 
made the suppressive effect of etanercept on TNF-α even more 
pronounced (143.204 ± 78.37 ng/100 mg wet tissue).

It was known that TNF-α and IL-1β lead to more severe clini-
cal signs by acting synergistically, so tissue IL-1β levels in the LPS 
group were markedly increased when compared to sham group. 
The IL-1β levels were signifi cantly reduced upon etanercept and 
also thalidomide treatment in comparison with LPS group (p < 
0.05). Co-administration of thalidomide+etanercept did not sup-
port the lowering action of only etanercept or only thalidomide 
treatment on LPS-induced IL-1 B levels in liver tissue, the effect 
was not signifi cant. 

During infl ammation, LPS triggers releasing of IL-6. Hence, it 
was determined that tissue IL-6 levels after LPS injection were sig-
nifi cantly increased in LPS group relative to sham group (p < 0.05). 
After treatment with etanercept or thalidomide, IL-6 levels were 
signifi cantly lower in LPS+etanercept and also LPS+thalidomide 
compared to LPS group (p < 0.05). There was also a reduction 
in LPS+thalidomide+etanercept group, but it wasn’t statistically 
signifi cant (p > 0.05)

Finally, the fi ndings obtained from the Western blot analy-
sis (Fig. 1), the expression of NF-κB protein in liver tissue was 
found higher in LPS-treated group with respect to the sham group 
(p < 0.001). It was found that co-administration of thalidomide 
and thalidomide+etanercept supported the decreasing effect on 

expression levels of NF-κB with respect to LPS alone group (p 
= 0.001, for both groups), and also this reduction was showed in 
etanercept-treated group (p < 0.005). 

Discussion

Data obtained from the novel experimental study demonstrated 
that the severity of proinfl ammatory immune system response after 
infection will facilitate organ damage or increase the existing in-
jury. Therefore, efforts to treat infl ammatory response may provide 

Group TNF-α (ng/100 mg wet tissue) IL-1β (pg/100 mg wet tissue) IL-6 (pg/100 mg wet tissue)
Sham 148.944±14.45 913.888±251.31 77.462±15.23
LPS 267.311±98.15a 1485.204±207.25a 139.143±13.34a

LPS+Thalidomide 187.970±85.71 978.870±534.18b 80.509±16.39c

LPS+Etanercept 160.207±24.85b 905.191±446.83b 98.739±23.39b

LPS+Thalidomide+Etanercept 143.204±78.37b 1139.661±330.97 107.974±44.46
a p < 0.05, compared to sham group, b p < 0.05, compared to LPS group, c p = 0.001, compared to LPS group

Tab. 1. The levels of tissue TNF-α, IL-1β and IL-6 for all groups.

Fig. 1. Western blot results for NF-κB. The analysis of NF-κB cleavage
showing the effect of lipopolysaccharide (LPS) and co-adminis-
tered thalidomide, etanercept and thalidomide+etanercept on NF-
κB protein expression. a) Lanes 1–3: sham band pattern, lanes 
4–9: LPS group. b) Lanes 1–6: only etanercept-treated group and 
last 3 lanes: thalidomide+etanercept-treated group. c) Lanes 1–3: 
thalidomide+etanercept-treated group, Lanes 4–9: only thalidomide-
treated group. Marker: Molecular weights of the protein bands in the 
SeeBlue®Plus2Pre-Stained Standard. Western blotting was normal-
ized to actin expression and expressed relative to the control sample. 
The corresponding densitometric analysis is also shown (d). Data are 
means±SD of three independent experiments. * p < 0.001, compared 
with the sham group; ** p = 0.001 and *** p < 0.05, compared with 
LPS alone (Tukey HSD).



Bratisl Med J 2017; 118 (5)

283 – 287

286

advantages for opening new horizons in the treatment of sepsis 
and reducing it. In recent decades, it has been seen that several 
mediators of infl ammation tend to get higher during sepsis. The 
concentrations of some proinfl ammatory cytokines in systemic 
circulation, especially of IL-6 and TNF-α, were reported to rise 
in severe infections and septic shock (16).

TNF-α, a primary mediator of infl ammation, has been linked 
to various infectious and non-infectious infl ammatory diseases 
(17). In human and animal sepsis models induced by injection of 
bacterial endotoxin, TNF-α production is activated quickly, and 
this can be detected in plasma. Michiea et al, injected Escherichia 
coli endotoxin to healthy volunteers and observed that concentra-
tions of TNF-α rose signifi cantly and they were on peak 1 h after 
the infusion (18). The plasma of many patients with sepsis may 
show TNF-α, and concentrations are usually correlated with se-
verity of illness, as well as outcome. Endo et al (19) showed that 
plasma concentrations of IL-1, IL-6, TNF-α and interleukin 2 (IL-
2) were higher in patients with septic shock in comparison to pa-
tients with sepsis only or with other shock causes. Thus, inhibiting 
TNF-α action using therapeutic agents decreases the infl ammatory 
response which is particularly useful in treatment of autoimmune 
diseases (16). For instance, Pascual et al reported TNF-α pathway 
inhibition by propolis, while Jung WK et al showed decreases in 
levels of TNF-α and IL-1β in the serum by CAPE treatment in 
lipopolysaccharide-induced septic shock model in mice (20, 21). 
Another study showed strong inhibition of LPS-induced systemic 
infl ammatory responses known to be mediated by TNF-α as well 
as IL-6 and C-reactive protein release using etanercept, indicat-
ing effective inhibition of TNF-α activity by etanercept (22). Our 
results were consistent with the studies mentioned above. In the 
present study, TNF-α concentrations were signifi cantly increased 
in the LPS-induced rats relative to the sham group. After adminis-
tering thalidomide and etanercept as therapeutic agents, signifi cant 
decreases were found in TNF-α level. Consequently, it can be said 
that this reduction is due to the suppressive effect of the selected 
treatment agents on TNF-α.

Endotoxin-stimulated human monocytes produce IL-1β, which 
is found in the plasma of septic animals (23). IL-1β is elevated 
in humans after endotoxin infusion, though in lower rates than 
TNF-α (24). In similarity to TNF-α, IL-1β triggers the production 
of other cytokines. McAllister et al (25) reported cytokine mea-
surements made in three patients who developed sepsis following 
transfusion with packed erythrocytes infested with gram-negative 
bacteria. These patients’ detectable IL-1β levels were on peak by 4 
h and they returned to normal subsequently in the two survivors, 
while remaining high for 22 hours in the patient who later passed 
away. IL-1β can be detected in the plasma in a small number of 
patients with sepsis, but it appears to be a measure of sepsis sever-
ity. We also found that the levels of IL-1β in tissue were higher in 
the LPS group than in the sham group. In addition to this, it was 
found that there was a signifi cant decrease in IL-1β levels in the 
groups treated with etanercept and thalidomide alone. When the 
effects of selected treatment agents on IL-1β levels were exam-
ined, it was thought that this decrease is due to the fact that IL-1β 
has synergistic effect with TNF-α.

IL-6 has a diversity of biological effects, comprising induc-
tion of acute phase protein production in the liver, activation of 
B- and T-lymphocytes, and modulation of hematopoiesis (26). 
IL-6 infusion into animals used in experiments does not result in 
a condition like sepsis (27). Martin et al reported that levels of 
TNF-α, IL-6 and IL-8 in the serum were higher in newborns who 
were septic as opposed to newborns who were not (28). Shin et al 
(29) consistently observed systemic infl ammatory responses such 
as higher concentrations of proinfl ammatory cytokines TNF-α and 
IL-6 with LPS, in comparison to control rats. Yanay et al found 
signifi cantly higher levels of TNF-α, IL-6 and IL-1β in the LPS 
group than the sham group (30). Our study obtained similar re-
sults. Liver tissue levels of IL-6 were signifi cantly increased in 
LPS-induced rats compared to sham group and treatment groups in 
the present study. Our results showed that up-regulation of TNF-α 
resulted in activated and increased IL-6 level. Considering that in-
creased cytokines levels were associated with sepsis pathogenesis

Infl ammatory cytokine induction in immune cells by LPS has 
been reported to happen through the signal transduction pathway 
mediated by NF-kB (31). NF-kB is a prevalent factor of transcrip-
tion which takes part in the regulation of numerous infl ammatory 
genes’ expression. During NF-kB activation, this transcription fac-
tor’s translocation from the cytoplasm to nuclei is very infl uential 
for the regulation of certain pro-infl ammatory genes’ expression. 
Animal model studies on septic shock stimulated either by cecal 
ligation and puncture (CLP, polymicrobial model) or by LPS (en-
dotoxin model) have shown that NF-kB inhibitors with diverse 
chemical properties and action mechanisms protect animals from 
septic fatality (32, 33). Molecules shown to defend mice from 
lethal endotoxemia (34) or to enhance survival in patients with 
severe sepsis (35) employ their protective effect via inhibition 
of NF-kB activation. In our study, higher NF-kB expression was 
found in the LPS group than the sham group. It was observed that 
all groups treated with treatment agents showed a signifi cant de-
crease in expression levels of NF-κB in comparison to LPS alone 
group. Thus, blocking the initial nuclear translocation of NF-kB 
was able to prevent sepsis development (36). However, modula-
tion rather than blocking of NF-kB activation is likely to be the 
most effective way for improving the outcome of sepsis, as intact 
infl ammatory response is essential in maintaining host defense 
mechanisms normal.

Consequently, our results demonstrated that both etanercept 
and thalidomide administration may have benefi cial effects on 
sepsis induced by LPS. As a treatment option, etanercept in com-
bination with thalidomide was also considered to be effective 
against sepsis. 
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