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systemic inflammatory response and survival
rate in lipopolysaccharide-induced systemic
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Abstract

Background: Remote ischemic preconditioning (RIPC) and postconditioning (RpostC) have protective effects on
ischemia and reperfusion injury. The effects have been reported to activate heme oxygenase-1 (HO-1) and attenuate
nuclear factor kappa B (NF-κB) and subsequently reduce systemic inflammation. Ischemic preconditioning prevented
inflammatory responses by modulating HO-1 expression in endotoxic shock model. Therefore, we investigated whether
RpostC could have protective effects on lipopolysaccharide (LPS)-induced systemic inflammation.

Methods: The LPS-induced sepsis mice received LPS (20 mg/kg) intraperitoneally. Remote ischemic conditioning was
induced with three 10-min ischemia/10-min reperfusion cycles of the right hind limbs using tourniquet before LPS
injection (RIPC) or after LPS injection (RpostC). The effects of RIPC and RpostC were examined for the survival rate,
serum cytokines, NF-κB, HO-1 and liver pathology in the LPS injected mice.

Results: Survival rate within 120 hours significantly increased in the LPS injected and remote ischemic conditioned
mice than in LPS only injected mice (60-65% vs 5%, respectively, p < 0.01). Tumor necrosis factor-alpha (TNF-α),
interleukin-1 beta (IL-1β) and interleukin-6 (IL-6) increased markedly in the LPS only injected mice, however, remote
ischemic conditioning suppressed the changes (p < 0.05). Interleukin-10 (IL-10) level was significantly higher in the LPS
injected and RpostC treated mice than in the LPS only injected mice (p = 0.014). NF-κB activation was significantly
attenuated (p < 0.05) and HO-1 levels were substantially higher in the LPS injected and remote ischemic conditioned
mice than in the LPS only injected mice. Neutrophil infiltration was significantly attenuated in the LPS injected and
remote ischemic conditioned mice than in the only LPS injected mice (p < 0.05).

Conclusions: RpostC attenuated inflammatory responses and improved survival outcomes of mice with LPS-induced
systemic inflammation. The mechanism may be caused by modifying NF-κB mediated expression of cytokines.
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Background
Severe sepsis is a life-threatening clinical disease induced
by infection or other various causes and is characterized
by systemic inflammation and multiple organ injury. In
spite of development of new therapies for sepsis, mortal-
ity rate is approximately 30% in people with severe sep-
sis and up to 45% of those in septic shock [1]. Therefore,
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new treatment methods for sepsis need to be discovered
and developed.
The liver plays an active role in the inflammatory re-

sponse to endotoxemia and sepsis by producing acute
phase proteins and proinflammatory cytokines [2,3]. Nu-
clear factor kappa B (NF-κB) is activated in an early step
of pathogenesis of organ injury in sepsis [4,5]. However,
NF-κB activation is known to be inhibited by heme
oxygenase-1 (HO-1) activation [6,7]. The expression of
HO-1 can be induced by ischemic preconditioning [8,9],
ischemic postconditioning [10,11] or remote ischemic
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predonditioning (RIPC) [12-14]. Remote ischemic precon-
ditioning (RIPC) or postconditioning (RpostC), achieved
with repeated brief periods of ischemia and reperfusion
(I/R) of one organ before or after prolonged ischemic
period has been reported to protect distant organs against
ischemic injury [15]. The effects are associated with down-
regulation of key steps leading to cell death and systemic
inflammatory responses [10,15-17]. Indeed, intestinal ische-
mic preconditioning prevented inflammatory responses by
modulating intestinal HO-1 expression in endotoxic shock
model [18]. Furthermore, Wen et al. [19] reported upregu-
lation of HO-1 by chemical inducers prevented lipopolysac-
charide (LPS)-induced acute hepatic injury.
Therefore, we hypothesized that RpostC may attenuate

LPS-induced systemic inflammatory responses by inducing
HO-1 expression and attenuating NF-κB activation. There
has been little work, however, examining the effects of
RpostC in the setting of LPS-induced sepsis model. We in-
vestigated whether RpostC could improve survival rate and
suppress LPS-induced pro-inflammatory cytokines, NF-κB
activation, and hepatic inflammation. Also, we assessed if
RpostC might upregulate HO-1, leading to the attenuation
of LPS-induced systemic inflammation.
Methods
Animals
Six-week-old male BALB/c mice (Hanlim Co. Ltd.,
Hwasung, South Korea) were used in this study. All
animals were maintained in a constant-temperature (24 ±
2°C) room with 12-hour cycles of light and dark. The mice
had ad libitum access to food and water.
The LPS-induced sepsis model was made by injecting

20 mg/kg of LPS (E, Coli O127: B8; Sigma, St. Louis,
MO, USA) in 0.4 ml physiologic saline intraperitoneally
(i.p.). Remote conditioning was induced with three 10-min
ischemia/10-min reperfusion cycles of the right hind limbs
using tourniquet.
All experimental procedures involving animals were car-

ried out in accordance with the NIH guide for the Care and
Use of Laboratory Animals issued by the Korea University
School of Medicine. The study was approved by the Ethical
Committee on Animal Research of the Korea University
College of Medicine.
Mice were randomly divided into six experimental

groups: (1) Saline group, received an injection of saline
i.p.; (2) LPS group, received an injection of LPS (20 mg/kg,
i.p.); (3) RIPC/Saline group, subjected to remote condi-
tioning, followed immediately by an i.p. injections of
saline; (4) Saline/RpostC group, received an injection of
saline i.p., followed immediately by remote conditioning;
(5) RIPC/LPS group, subjected to remote conditioning,
followed immediately by an injection of LPS (20 mg/kg,
i.p.); (6) LPS/RpostC group, received an injection of LPS
(20 mg/kg, i.p.), followed immediately by remote condi-
tioning (Figure 1).

Protocol 1: Survival rate
Survival rate was measured in the LPS group (n = 40),
RIPC/LPS group (n = 20), and LPS/RpostC (n = 20) groups,
every 8 hours for 120 hours. After 5 days, all living mice
were euthanatized with intraperitoneal injection of thio-
pental sodium (50 mg/kg).

Protocol 2: cytokines, NF-κB, HO-1 and liver pathology
Mice were randomly divided into six experimental groups
(n = 6, each group) according to each target measurements.
Serum pro-inflammatory cytokines (TNF-α, IL-6) levels

were measured at 1 hour and 4 hours after LPS (or saline)
injection and another pro-inflammatory cytokine (IL-1β)
and anti-inflammatory cytokine (IL-10) levels were at
1 hour after LPS injection (or saline) in each group. Blood
was obtained directly from the heart. Cytokines were de-
termined in the serum using commercial enzyme linked
immunosorbent assay (ELISA) assay kits (R&D Systems,
Minneapolis, USA). After sampling via cardiac puncture,
serum was collected by centrifuging the clotted blood at
4,000 × g, 4°C, 10 min. Detection ranges of TNF-α, IL-1β,
and IL-6 are 0.36-7.21, 0.46-4.80, and 1.3-1.8 pg/ml, re-
spectively. The minimal detectable doses of TNF-α, IL-1β,
IL-6, and IL-10 are less than 1.88, 2.31, 1.6, and 4.0 pg/ml,
respectively.
The NF-κB activity was measured at 1 hour after LPS

(or saline) injection in liver tissue homogenate. Nuclear
protein was extracted in the liver tissue using a commer-
cial kit according to the instruction manual (Nuclear
Extract Kit, Active Motif, California, USA). Nuclear pro-
tein concentration was determined using BCA protein
assay kit (Pierce, Rockford, IL, USA). Five μg of nuclear
protein from liver tissues was used to assess NF-kB activa-
tion using the NF-κB p65 assay kit (TransAM p65, Active
Motif, USA) according to the manufacturer’s instruction.
HO-1 was measured in the supernatant of homoge-

nized liver extracts at 1 hour and 12 hours after LPS (or
saline) injection using the mouse HO-1 ELISA kit ac-
cording to the manufacturer’s instruction (Cusabio Bio-
Tech, Wuhan, China). One hundred mg of liver tissue
was rinsed with phosphate buffered saline (PBS) and ho-
mogenized in 1 ml of PBS. The homogenate was stored
overnight at −20°C. After two freeze-thaw cycles were per-
formed to break the cell membranes, the homogenates
were centrifuged for 5 min at 5000 × g, 4°C. The super-
natant was used for HO-1 assay with 1,500-fold dilution
with sample diluents. Detection range of the assay is
31.25 ng/ml - 2000 ng/ml, and the minimal detectable
dose of HO-1 is less than 7.8 pg/ml.
Liver tissues were collected at 12 hours after LPS in-

jection. The right lobes of the liver were fixed with 10%



Figure 1 Experimental protocol. Mice were randomly divided into six experimental groups (n = 6, each group) according to each target
measurements: (1) Saline group, received an injection of saline (intraperitoneally: i.p.); (2) LPS group, received an injection of LPS (20 mg/kg, i.p.);
(3) RIPC/Saline group, subjected to remote conditioning, followed immediately by an i.p. injections of saline; (4) Saline/RpostC group, received an
injection of saline i.p., followed immediately by remote conditioning; (5) RIPC/LPS group, was subjected to remote conditioning, followed immediately
by an injection of LPS (20 mg/kg, i.p.); (6) LPS/RpostC group, received an injection of LPS (20 mg/kg, i.p.), followed immediately by remote conditioning.
Remote conditioning was induced with three 10-min ischemia/10-min reperfusion cycles of the right hind limbs using tourniquet.
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neutral buffered saline for 24 hours in room temperature,
embedded in paraffin, and cut into 4 μm sections. Tissue
sections were then stained with anti-Ly-6G stain for neu-
trophil count. Neutrophil accumulation was quantified by
a researcher who was blinded towards experiment proto-
col. Brown color-stained PMNs (polymorphonuclear neu-
trophils) were counted in 16 random high-power fields
(400x), and the averaged values were reported.
Statistical analysis
All data were expressed as the mean ± standard error of the
mean (SEM). Survival data were analyzed using Kaplan-
Meier log-rank test. For detection of significant differences
between groups a Kruskal-Wallis test was used. A post hoc
analysis was then performed with pairwise Mann–Whitney
U tests. For all tests, a p-value less than 0.05 was con-
sidered statistically significant. All statistical analyses
were performed using SPSS, version 12.0 (SPSS®, Chicago,
Illinois, USA).
Results
Survival rate
The number of survivors was 2/40, 13/20, and 12/20 in
the LPS, RIPC/LPS, and LPS/RpostC groups, respectively.
The survival rate of RIPC/LPS and LPS/RpostC groups
were significantly greater than that of LPS group (p < 0.001,
p < 0.01, respectively) (Figure 2). There was no significant
difference between the RIPC/LPS and LPS/RpostC groups.

Cytokines
The TNF-α level was significantly lower in the RIPC/
LPS group than in the LPS group at 1 hour after LPS ad-
ministration (p = 0.009) and was significantly lower in the
RIPC/LPS and LPS/RpostC group than in the LPS group
at 4 hours after LPS administration (p = 0.006 and p =
0.006, respectively) (Figure 3A).
IL-6 levels in the RIPC/LPS and LPS/RpostC group

revealed a significant decrease compared with those in
LPS group at 4 hours (p = 0.019, p = 0.03, respectively)
(Figure 3B).
The IL-1β level was significantly lower in the LPS/RpostC

group than in the LPS group (p = 0.013) (Figure 3C).
Serum IL-10 level was significantly higher in the

RpostC/LPS group compared with LPS group (p = 0.014)
(Figure 3D).

NF-κB DNA binding activity
NF-κB DNA binding activity in the RIPC/LPS and
LPS/RpostC group revealed a significant decrease when



Figure 2 Survival rate. The survival rate of RIPC/LPS (n = 20) and LPS/RpostC (n = 20) groups were significantly greater than that of LPS group
(n = 40) (p < 0.001, p < 0.01, respectively). There was no significant difference between the RIPC/LPS and LPS/RpostC groups. LPS group, received
an injection of LPS (20 mg/kg, i.p.); RIPC/LPS group, was subjected to remote conditioning, followed immediately by an injection of LPS (20 mg/
kg, i.p.); LPS/RpostC group, received an injection of LPS (20 mg/kg, i.p.), followed immediately by remote conditioning. RIPC: remote ischemic
preconditioning, RpostC: remote ischemic postconditioning.
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compared with those in the LPS group (p = 0.021 and
p = 0.006, respectively) (Figure 4).

HO-1 activity
Quantification of the HO-1 levels was substantially higher
in the RIPC/LPS and LPS/RpostC groups compared with
the LPS group at 1 hour (Figure 5) but significant differ-
ence were not found. There were no significant differences
across all groups at 12 hours.

Liver histopathological changes
No significant histologic alterations in the liver specimens
were observed in Saline group (Figure 6A), RIPC/Saline
(Figure 6B) and Saline/RpostC (Figure 6C). Severe patho-
logic abnormalities including infiltrating neutrophil cells
were seen in the LPS group (Figure 6D). Neutrophil accu-
mulation within the sinusoid of the liver was substantially
reduced in the RIPC/LPS (Figure 6E) and LPS/RpostC
group (Figure 6F) when compared with that in the LPS
group. Quantification of intrahepatic sinusoidal neutro-
phils by counting the brown color stained PMNs in 16
random high power fields (400×) in the RIPC and RpostC
groups revealed a significant neutrophil count decrease
compared with that of the LPS group (p < 0.001).

Discussion
RIPC and RpostC improved survival and suppressed pro-
inflammatory cytokines, NF-κB activation, and hepatic in-
flammation in the LPS-induced sepsis mice model. The
present study has shown that RpostC has also protective
effects on LPS-induced endotoxemia as RIPC.
The survival rate of remote ischemic conditioned mice in
the LPS-induced systemic inflammation model amounted
to 60-65%, while the survival rate of unconditioned LPS
injected mice was 5% in this study. The pharmacologic
studies with cerivastatin or imipramine in LPS (15 –
20 mg/kg, i.p.) induced sepsis mice model showed that the
survival rate of those treatment groups were 60 – 70% and
that survival rate of non-treatment group were 10 – 20%
[20,21]. This result suggests that RIPC and RpostC im-
proved survival rates to an extent comparative to some
pharmacologic therapies.
Clinical and experimental studies have shown that LPS-

induced sepsis can lead to a rapid simultaneous secretion
of two functionally heterogeneous groups of cytokines:
pro-inflammatory cytokines (e.g., TNF-α, IL-1β and IL-6)
and anti-inflammatory (e.g., IL-10) [22]. The correlation
between TNF-α or IL-6 level and severity of disease ex-
hibit the importance of these cytokines in septic shock
[23-25]. Cytokine levels increased in a dose dependent
manner. The dosage of LPS, 20 mg/kg used in this study
was chosen as indicated by our preliminary experiment
and other studies [26]. A single injection of high-dose LPS
induces a very rapid, but transient, systemic cytokines with
peak levels between 1.5 and 4 hours that began to decline
at 8 hours [27]. Our preliminary study showed that TNF-
α peaked at 1 hour after LPS injection, while IL-6 peaked
at 4 hours after LPS injection. Therefore, we measured
TNF-α, IL-1β, IL-6, and IL-10 plasma at 1 and/or 4 hours
after LPS or saline administration.
RIPC significantly suppressed the release of TNF-α and

IL-6 and RpostC also significantly suppressed the release



Figure 3 Effects of RIPC and RpostC on levels of TNF-α, IL-6, IL-1β and IL-10. The concentration of TNF-α (A) and IL-6 (B) levels were
measured at 1 hour and 4 hours after LPS (or saline) injection. IL-1β (C) and IL-10 (D) levels were at 1 hour after LPS injection (or saline) in each
group. Mice were treated with saline (Saline group), RIPC plus saline (RIPC/Saline group), saline plus RpostC (Saline/RpostC group), LPS (20 mg/kg,
i.p.; LPS group), RIPC plus LPS (RIPC/LPS group), and LPS plus RpostC (LPS/RpostC group). i.p.: intraperitoneal. RIPC: remote ischemic preconditioning,
RpostC: remote ischemic postconditioning. Data are expressed as mean ± SEM (n = 6 in each group). † P < 0.05 versus Saline, RIPC/Saline, Saline/
RpostC at 1 h after LPS injection or saline injection. *P < 0.05 versus LPS group at 1 h after LPS injection or saline injection. ‡ P < 0.05 versus Saline,
RIPC/Saline, Saline/ RpostC at 4 h after LPS injection or saline injection. # P < 0.05 versus LPS group at 4 h after LPS injection or saline injection. ND,
not detectable.
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of TNF-α, IL-6, and IL-1β increasing the release of anti-
inflammatory cytokine IL-10. This was a finding similar to
a previous study in which ischemic post-conditioning had
caused a significant reduction in systemic inflammatory
response [10].
In immune and inflammatory responses, NF-κB is a

critical transcription factor and plays a crucial role through
the regulation of genes encoding pro-inflammatory cyto-
kines (e.g., TNF-α, IL-1β, IL-6), adhesion molecules, che-
mokines (e.g., interleukin-8), and monocyte chemotactic
protein-1 (MCP-1) [28]. Therefore, NF-κB is activated early
in the pathogenesis of organ injury in sepsis [4,5]. In
models of sepsis, greater levels of nuclear accumulation of
NF-κB are associated with higher rates of mortality and
worse clinical outcomes [29]. Contrariwise, suppression of
NF-κB activation decreases acute inflammatory responses
and organ dysfunction outcome [29] and down-regulation
of NF-κB activation could be a suitable therapeutic target
in sepsis. This present study provides evidence that RIPC
and RpostC decreases NF-κB DNA binding activity in the
liver during endotoxemia. Also, this result may be related
to in less death in RIPC and RpostC treated groups.
Some studies have reported that NF-κB activation and

nuclear translocation are inhibited by HO-1 [6,7]. HO-1
is an enzyme catalyzing the degradation of heme into
carbon monoxide, biliverdin, and free iron [11]. HO-1
and its by-products have been shown to promote cyto-
protection from oxidative stress, apoptotic cell death, and
cell injury during ischemia/reperfusion [30,31]. Ischemic
pre-conditioning and post-conditioning protect against
I/R injury and reduce systemic pro-inflammatory cytokine
release by induction of HO-1 [9-11,30]. More importantly,



Figure 4 NF-κB DNA binding activity. The NF-κB activity was measured at 1 hour after LPS (or saline) injection in liver tissue homogenate. Mice
were treated with saline (Saline group), RIPC plus saline (RIPC/Saline group), saline plus RpostC (Saline/RpostC group), LPS (20 mg/kg, i.p.; LPS
group), RIPC plus LPS (RIPC/LPS group), and LPS plus RpostC (LPS/RpostC group). i.p.: intraperitoneal. RIPC: remote ischemic preconditioning,
RpostC: remote ischemic postconditioning. Data are expressed as mean ± SEM (n = 6 in each group). *P < 0.05 versus LPS group. † P < 0.05 versus
Saline, RIPC/Saline, Saline/RpostC.
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HO-1 induction by chemical inducers could provide pro-
tection against LPS-induced liver injury in rats [19]. HO-1
may diminish extravascular edema formation and endo-
thelial cell swelling by virtue of its anti-inflammatory,
anti-apoptotic and anti-proliferative actions, resulting in
reduced microvascular compression and improved organ
Figure 5 HO-1 activity. Quantification of the HO-1 levels was higher in th
LPS or saline injection (p < 0.05). Mice were treated with saline (Saline grou
RpostC group), LPS (20 mg/kg, i.p.; LPS group), RIPC plus LPS (RIPC/LPS gro
remote ischemic preconditioning, RpostC: remote ischemic postconditionin
versus LPS group. † P < 0.05 versus Saline.
perfusion [32,33]. Another aim of this study was to deter-
mine if RpostC are associated with the activation of HO-1
as the protective mechanism for LPS induced hepatic
damage. HO-1 activation was substantially increased in
the RIPC/LPS and LPS/RpostC groups when compared
with that in the LPS group. However, this study did not
e RIPC/LPS and LPS/RpostC compared with Saline group at 1 h after
p), RIPC plus saline (RIPC/Saline group), saline plus RpostC (Saline/
up), and LPS plus RpostC (LPS/RpostC group). i.p.: intraperitoneal. RIPC:
g. Data are expressed as mean ± SEM (n = 6 in each group). *P < 0.05



Figure 6 (See legend on next page.)
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Figure 6 Liver histopathological changes. (A) Saline group (B) RIPC/Saline (C) Saline/RpostC group (D) LPS group (E) RIPC/LPS group (F) LPS/
RpostC group. Neutrophil accumulation within liver sinusoid substantially reduced in the RIPC/LPS group (E) and LPS/RpostC group (F) compared
with that in the LPS group (D) at 12 h after LPS injection. The brown colored neutrophils are stained with anti-mouse Ly-6G (black arrows).
Magnification × 400. (G) Quantification of intrahepatic sinusoidal neutrophils by counting PMNs in 16 random high-power fields. Magnification × 400.
Mice were treated with saline (Saline group), RIPC plus saline (RIPC/Saline group), saline plus RpostC (Saline/RpostC group), LPS (20 mg/kg, i.p.;
LPS group), RIPC plus LPS (RIPC/LPS group), and LPS plus RpostC (LPS/RpostC group). i.p.: intraperitoneal. RIPC: remote ischemic preconditioning,
RpostC: remote ischemic postconditioning. Data are expressed as mean ± SEM (n = 6 in each group). *P < 0.05 versus LPS group. Data are † P < 0.05
versus Saline, RIPC/Saline, Saline/RpostC.
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show significant differences. A previous study showed that
intestinal ischemic preconditioning significantly reduced
the LPS-induced expression of inflammatory cytokine in
intestine and lung, while ischemic preconditioning select-
ively increased HO-1 mRNA expression in only intestine
and there was no expression in lungs (18). Therefore, it is
possible that HO-1 activation may not be shown in liver.
Further study is need for this HO-1 activation.
Hepatocyte vacuolation and nodular necrosis were ob-

servable at 12 hours post-LPS-injection (20 mg/kg, i.p.)
and mice began to die within 16 hours of LPS injection
in our study [34]. Therefore, liver tissues were collected at
12 hours after LPS injection. Histological examinations of
liver sections from LPS-treated mice revealed infiltrated
neutrophil and necrotic hepatocytes. However, RIPC and
RpostC suppressed significantly LPS-induced intrahepatic
sinusoidal neutrophils infiltration. These results seem to
be correlated to survival rate.
The anti-inflammatory effects of remote ischemic con-

ditioning were observed in mice, which will most likely
yield different results in humans [35] and the effects of
RIPC or RpostC could be questionable in septic patients.
Nevertheless, intermittent pneumatic compression is rou-
tinely applied to ICU patients and it might be used as an
alternative method of IPC. Therefore, clinical trials would
be needed to establish its potential role for treatment of
sepsis in humans.
Severe sepsis and septic shock have been responsible

for the high morbidity and mortality among intensive
care unit (ICU) patients. Mortality rates have decreased
considerably with the discovery of antimicrobial agents.
However, morbidity and mortality of sepsis have steadily
increased due to the emergence of antimicrobial-resistant
microorganisms [36]. Also, antimicrobial agents them-
selves often result in irreversible organ failure [37]. There-
fore, this study attempts to understand innate protective
mechanisms and develop new therapies against sepsis.
In summary, both RIPC and RpostC attenuated NF-κB
activation and reduced production of pro-inflammatory
cytokines and increased anti-inflammatory cytokines
release and attenuated hepatic injury and improved sur-
vival rate in LPS-induced systemic inflammation model.
These results suggest that RIPC and RpostC may be a
useful therapeutic approach in the treatment of sepsis.
Conclusions
The present study demonstrated that not only RIPC but
RpostC attenuated inflammatory responses and im-
proved survival of mice with LPS-induced systemic in-
flammation by modifying NF-κB mediated expression of
cytokines.

Abbreviations
ELISA: Enzyme linked immunosorbent assay; HO-1: Heme oxygenase-1;
ICU: Intensive care unit; IL-1β: Interleukin-1 beta; IL-6: Interleukin-6;
IL-10: Interleukin-10; i.p.: intraperitoneally; I/R: Ischemia and reperfusion;
LPS: Lipopolysaccharide; MCP-1: Monocyte chemotactic protein-1;
NF-κB: Nuclear factor kappa B; PBS: Phosphate buffered saline;
PMNs: Polymorphonuclear neutrophils; RIPC: Remote ischemic
preconditioning; RpostC: Remote ischemic postconditioning; SEM: Standard
error of the mean; TNF-α: Tumor necrosis factor-alpha.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
YHK participated in the design of the study, performed several experiments,
analysed data and statistics, and wrote the manuscript. DWY performed the
experiments, supervised samples analyses. JHK participated in the design,
provided clinical expertise and helpful discussions. JHL provided helpful
discussions and edited the manuscript. CHL conceived the study,
participated in the design of the study, analysed data and statistics, wrote
the grant application, and supervised the preparation of the manuscript. All
the experiments were performed in Korea University Medical Center’s
laboratory. All authors read and approved the final manuscript.

Acknowledgements
This study was financially supported by the National Research Foundation of
Korea funded by the Korean Government. (grant no.2012-0004169).

Author details
1Department of Anaesthesiology and Pain Medicine, Korea University College
of Medicine, Ansan, Republic of Korea. 2Division of Pulmonary, Sleep and
Critical Care Medicine, Department of Internal Medicine, Korea University
College of Medicine, Ansan, Republic of Korea. 3Department of
Anaesthesiology and Pain Medicine, Dongguk University Ilsan Hospital, Ilsan,
Republic of Korea. 4Department of Anaesthesiology and Pain Medicine, Korea
University College of Medicine, Seoul, Republic of Korea.

Received: 23 December 2013 Accepted: 12 May 2014
Published: 21 May 2014

References
1. Wenzel RP: Treating sepsis. N Engl J Med 2002, 347:966–967.
2. Dhainaut JF, Marin N, Mignon A, Vinsonneau C: Hepatic response to sepsis:

interaction between coagulation and inflammatory processes. Crit Care
Med 2001, 29:S42–S47.

3. Matuschak GM, Rinaldo JE: Organ interactions in the adult respiratory
distress syndrome during sepsis. Role of the liver in host defense. Chest
1988, 94:400–406.



Kim et al. Journal of Inflammation 2014, 11:16 Page 9 of 9
http://www.journal-inflammation.com/content/11/1/16
4. Browder W, Ha T, Chuanfu L, Kalbfleisch JH Jr, Ferguson DA, Williams DL:
Early activation of pulmonary nuclear factor kappaB and nuclear factor
kappaB and nuclear factor interleukin-6 in polymicrobial sepsis. J Trauma
1999, 46:590–596.

5. Yoshidome H, Kato A, Edwards MJ, Lentsch AB: Interleukin-10 suppresses
hepatic ischemia/reperfusion injury in mice: implications of a central role
for nuclear factor kappaB. Hepatology 1999, 30:203–208.

6. Gibbs PE, Maines MD: Biliverdin inhibits activation of NF-kappaB. reversal
of inhibition by human biliverdin reductase. Int J Cancer 2007,
121:2567–2574.

7. Bellezza I, Tucci A, Galli F, Grottelli S, Mierla AL, Pilolli F, Minelli A: Inhibition
of NF-κB nuclear translocation via HO-1 activation underlies α-tocopheryl
succinate toxicity. J Nutr Biochem 2012, 23:1583–1591.

8. Mallick IH, Winslet MC, Seifalian AM: Ischemic preconditioning of small
bowel mitigates the late phase of reperfusion injury: heme oxygenase
mediates cytoprotection. Am J Surg 2010, 199:223–231.

9. Zeynalov E, Shah ZA, Li RC, Dore S: Heme oxygenase 1 is associated with
ischemic preconditioning-induced protection against brain ischemia.
Neurobiol Dis 2009, 35:264–269.

10. Xu B, Gao X, Xu J, Lei S, Xia ZY, Xu Y, Xia Z: Ischemic postconditioning
attenuates lung reperfusion injury and reduces systemic
proinflammatory cytokine release via heme oxygenase 1. J Surg Res 2011,
166:e157–e164.

11. Xia ZY, Gao J, Ancharaz AK, Liu KX, Xia Z, Luo T: Ischaemic post-conditioning
protects lung from ischaemia-reperfusion injury by up-regulation of haeme
oxygenase-1. Injury 2010, 41:510–516.

12. Lai IR, Chang KJ, Chen CF: The mechanism of hepatic heme oxygenase-1
expression by limb remote ischemic preconditioning. Transplantation
2007, 83:364.

13. Kanoria S, Seifalian AM, Williams R, Davidson BR: Hind limb remote
preconditioning of the liver: a role for nitric oxide and HO-1.
Transplantation 2007, 83:363–364.

14. Lai IR, Chang KJ, Chen CF, Tsai HW: Transient limb ischemia induces
remote preconditioning in liver among rats: the protective role of heme
oxygenase-1. Transplantation 2006, 81:1311–1317.

15. Tapuria N, Kumar Y, Habib MM, Abu Amara M, Seifalian AM, Davidson BR:
Remote ischemic preconditioning: a novel protective method from
ischemia reperfusion injury–a review. J Surg Res 2008, 150:304–330.

16. Loukogeorgakis SP, Williams R, Panagiotidou AT, Kolvekar SK, Donald A,
Cole TJ, Yellon DM, Deanfield JE, MacAllister RJ: Transient limb ischemia
induces remote preconditioning and remote postconditioning in
humans by a K(ATP)-channel dependent mechanism. Circulation 2007,
116:1386–1395.

17. Harkin DW, Barros D’Sa AA, McCallion K, Hoper M, Campbell FC: Ischemic
preconditioning before lower limb ischemia-reperfusion protects against
acute lung injury. J Vasc Surg 2002, 35:1264–1273.

18. Tamion F, Richard V, Renet S, Thuillez C: Intestinal preconditioning
prevents inflammatory response by modulating heme oxygenase-1
expression in endotoxic shock model. Am J Physiol Gastrointest Liver
Physiol 2007, 293(6):G1308–G1314.

19. Wen T, Wu ZM, Liu Y, Tan YF, Ren F, Wu H: Upregulation of heme oxygenase-1
with hemin prevents D-galactosamine and lipopolysaccharide-induced acute
hepatic injury in rats. Toxicology 2007, 237:184–193.

20. Ando H, Takamura T, Ota T, Nagai Y, Kobayashi K: Cerivastatin improves
survival of mice with lipopolysaccharide-induced sepsis. J Pharmacol Exp
Ther 2000, 294:1043–1046.

21. Yang J, Qu JM, Summah H, Zhang J, Zhu YG, Jiang HN: Protective effects
of imipramine in murine endotoxin-induced acute lung injury.
Eur J Pharmacol 2010, 638:128–133.

22. Zhong J, Deaciuc IV, Burikhanov R, de Villiers WJ: Lipopolysaccharide-induced
liver apoptosis is increased in interleukin-10 knockout mice. Biochim Biophys
Acta 2006, 1762:468–477.

23. Movat HZ, Cybulsky MI, Colditz IG, Chan MK, Dinarello CA: Acute
inflammation in gram-negative infection: endotoxin, interleukin 1, tumor
necrosis factor, and neutrophils. Fed Proc 1987, 46:97–104.

24. Ohzato H, Yoshizaki K, Nishimoto N, Ogata A, Tagoh H, Monden M, Gotoh M,
Kishimoto T, Mori T: Interleukin-6 as a new indicator of inflammatory status:
detection of serum levels of interleukin-6 and C-reactive protein after
surgery. Surgery 1992, 111:201–209.
25. Debets JM, Kampmeijer R, van der Linden MP, Buurman WA, van der Linden CJ:
Plasma tumor necrosis factor and mortality in critically ill septic patients.
Crit Care Med 1989, 17:489–494.

26. Veres B, Gallyas F Jr, Varbiro G, Berente Z, Osz E, Szekeres G, Szabo C,
Sumegi B: Decrease of the inflammatory response and induction of the
Akt/protein kinase B pathway by poly-(ADP-ribose) polymerase 1 inhibitor
in endotoxin-induced septic shock. Biochem Pharmacol 2003, 65:1373–1382.

27. Remick DG, Newcomb DE, Bolgos GL, Call DR: Comparison of the mortality
and inflammatory response of two models of sepsis : lipopolysaccharide
vs. cecal ligation and puncture. Shock 2000, 13:110–116.

28. Lutz J, Thurmel K, Heemann U: Anti-inflammatory treatment strategies
for ischemia/reperfusion injury in transplantation. J Inflamm 2010,
7:1476–9255.

29. Abraham E: Nuclear factor-kappaB and its role in sepsis-associated organ
failure. J Infect Dis 2003, 15:S364–S369.

30. Roller J, Laschke MW, Scheuer C, Menger MD: Heme oxygenase (HO)-1
protects from lipopolysaccharide (LPS)-mediated liver injury by
inhibition of hepatic leukocyte accumulation and improvement of
microvascular perfusion. Langenbecks Arch Surg 2010, 395:387–394.

31. Duckers HJ, Boehm M, True AL, Yet SF, San H, Park JL, Clinton Webb R,
Lee ME, Nabel GJ, Nabel EG: Heme oxygenase-1 protects against vascular
constriction and proliferation. Nat Med 2001, 7:693–698.

32. Otterbein LE, Soares MP, Yamashita K, Bach FH: Heme oxygenase-1:
unleashing the protective properties of heme. Trends Immunol 2003,
24:449–455.

33. Menger MD, Rucker M, Vollmar B: Capillary dysfunction in striated muscle
ischemia/reperfusion: on the mechanisms of Capillary “No-Reflow”.
Shock 1997, 8:2–7.

34. Wang ZH, Liang YB, Tang H, Chen ZB, Li ZY, Wu JG, Yang Q, Zeng LJ, Hu XC,
Ma ZF: Expression and effects of microRNA-155 in the livers of septic mice.
Zhongguo Wei Zhong Bing Ji Jiu Yi Xue 2012, 24:154–157.

35. Plasenzotti R, Stoiber B, Posch M, Windberger U: Red blood cell
deformability and aggregation behaviour in different animal. Clin
Hemorheol Microcirc 2004, 31:105–111.

36. Morrell MR, Micek ST, Kollef MH: The management of severe sepsis and
septic shock. Infect Dis Clin North Am 2009, 23:485–501.

37. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pinsky MR:
Epidemiology of severe sepsis in the United States: analysis of incidence,
outcome, and associated costs of care. Crit Care Med 2001, 29:1303–1310.

doi:10.1186/1476-9255-11-16
Cite this article as: Kim et al.: Effect of remote ischemic post-
conditioning on systemic inflammatory response and survival rate
in lipopolysaccharide-induced systemic inflammation model. Journal of
Inflammation 2014 11:16.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Animals
	Protocol 1: Survival rate
	Protocol 2: cytokines, NF-κB, HO-1 and liver pathology
	Statistical analysis

	Results
	Survival rate
	Cytokines
	NF-κB DNA binding activity
	HO-1 activity
	Liver histopathological changes

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

