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Abstract

Despite intensive investigation of molecular mechanisms underlying the pathogenesis of sepsis,
many aspects of sepsis remain unresolved; this hampers the development of appropriate
therapeutics. In the present study, we developed a biologic nanomedicine containing a cationic
antimicrobial decapeptide KSLW (KKVVFWVKFK), self-associated with biocompatible and
biodegradable PEGylated phospholipid micelles (PLM), and analyzed its efficacy for treating sepsis.
KSLW was modified with polyethylene glycol (PEG)-aldehyde or was conjugated with
distearoylphosphatidylethanolamine (DSPE) —PEG—aldehyde. We compared the antibacterial and
antiseptic effects of PEG—KSLWV and PLM-KSLWV with those of unmodified KSLWV both in vitro and
in vivo. We found that the PLM-KSLW improved the survival rate of sepsis mouse models without
undesired immune responses, and inhibited lipopolysaccharide (LPS)-induced severe vascular
inflammatory responses in human umbilical vein endothelial cells compared with unmodified
KSLW or PEG-KSLW. Furthermore, PLM-KSLW dramatically reduced the bacterial count and
inhibited bacterial growth. We also found a new role of PLM-KSLWV in tightening vascular barrier
integrity by binding to the glycine/tyrosine-rich domain of occludin (OCLN). Our results showed
that PLM-KSLW had a more effective antiseptic effect than KSLW or PEG-KSLW, possibly
because of its high affinity toward OCLN. Moreover, PLM-KSLW could be potentially used to
treat severe vascular inflammatory diseases, including sepsis and septic shock.
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Introduction

Antimicrobial peptides (AMPs), which are found
from bacterial to mammalian species, form an
important part of the innate immunity after
inflammatory stimulation [1]. AMPs inhibit the
destructive effects of proinflammatory cascades
induced during severe inflammatory responses by
directly killing bacteria or neutralizing their
pathogenic factors such as lipopolysaccharide (LPS)
or lipoprotein [2]. However, naturally occurring

AMPs induce toxicity, hemolysis, nephrotoxicity, and
neurotoxicity [3]. Therefore, it is challenging to
develop innocuous synthetic peptide-based drugs for
effectively treating inflammatory diseases. Of the
numerous AMPs available, we selected a cationic
antimicrobial decapeptide KSLW (KKVVFWVKEFK)
because it contains few amino acids (12 amino acids);
has a linear structure (absence of disulfide bridges),
positive net charge, and low hemolytic activity; and
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shows antibiotic properties toward a wide range of
bacteria. KSLW is commercially used to control the
growth of dental plaque and in DispersinB® KSLW
peptide-based wound gel for treating chronic wound
infections caused by bacteria [4-5]. A study showed
that KSLW exerted anti-inflammatory effect on
phorbol myristate acetate (PMA)- and LPS-stimulated
neutrophils [6]. Phospholipid, an essential component
of all cellular membranes, can be aligned with bilayer
membranes and self-assembled into circulating
lipoproteins to form micelles [7]. Polyethylene glycol
(PEG)-modified distearoylphosphatidylethanolamine
(DSPE-PEG), which forms sterically stabilized
micelles, is widely used as a lipid-based nanocarrier
for drug delivery [8]. Self-assembled DSPE-PEG
micelles contain a hydrophobic core made of DSPE
and a hydrophilic shell made of PEG. The PEG layer
increases the steric stability of the micelles, thus
preventing their uptake by mononuclear phagocytic
cells and substantially increasing their systemic
half-life [9]. PEGylated phospholipids have lower
critical micelle concentration (CMC) than native
phospholipids. Therefore, DSPE-PEG micelles are
thermodynamically more stable than conventional
micelles upon dilution [10]. In addition, DSPE-PEG
micelles show good biocompatibility and are
relatively non-toxic [11].

Sepsis is associated with infections caused by
different bacteria, viruses such as Ebola or MERS, and
mites, and accounts for high mortality rate
worldwide. Medical expenditure for treating sepsis is
high because of the non-availability of an appropriate
medicine [12]. Although several studies have
attempted to develop an effective treatment for sepsis
by using recent advances in different therapeutics,
these studies have failed to develop drugs that can
increase the clinical survival rate of patients with
sepsis [13-14]. Recently, siRNA delivery system has
been extensively used for numerous therapeutic
modalities to treat severe inflammatory conditions
[15-17]. Early treatment of patients with severe sepsis
and septic shock is the key to increase their survival
rate. Initiation of anti-infective therapy and selection
of an appropriate anti-infective drug with an
appropriate administration time are important;
however, sepsis is associated with multiple organ
dysfunction induced by pathogens and endotoxins
[18]. Therefore, there is a growing interest to develop
novel multifunctional nanomedicines that exert
anti-infective and vasoprotective effects. In the
present study, we developed a novel biologic
nanomedicine containing KSLW, self-associated with
biocompatible and  biodegradable = PEGylated
phospholipid micelles, and analyzed its efficacy for
treating sepsis.

Materials and Methods

The online supplement provides information on
methods used in this study.

Results and Discussion

PEGylation is an effective approach for
improving the therapeutic efficacy of peptide drugs
by increasing their systemic circulation time, and by
improving their stability in biological fluids [19-21].
PEG-aldehyde (PEG-ALD) or DSPE-PEG-aldehyde
(DSPE-PEG-ALD) site-specifically reacts with the
N-terminal amine of KSLW under acidic conditions
[22] based on the difference in the reactivity of the
a-amino group at the N-terminus (pKa = 7.6-8.0), and
e-amino group in the Lys residue (pKa = 10.0-10.2)
[23]. In the present study, KSLW was modified using
a PEG-ALD or was conjugated  with
DSPE-PEG-ALD. Fig. 1A shows the reaction between
KSLW and DSPE-PEG-ALD, which forms a
secondary amine linkage between PEG and the
N-terminal amine of KSLW. Because DSPE-PEG has a
low CMC of approximately 1 pM because of the
requirement of strong hydrophobic driving forces for
inducing self-assembly [24], KSLW reacts with the
surface of these micelles (Fig. 1B). Average molecular
masses of PEG-KSLW and PLM-KSLW, which were
measured by performing matrix-assisted laser
desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS), were 7,246.8 and
5,660.2 Da, respectively (Fig. 1C), indicating that the
mono-PEGylation reaction was complete in both
PEG-KSLW and PLM-KSLW. Average
hydrodynamic diameters of PEG-KSLW and
PLM-KSLW, which were measured by performing
dynamic light scattering (DLS), were 4.2 and 20.3 nm,
respectively (Fig. 1D). The hydrodynamic diameter of
PLM-KSLW (20.3 mm) was similar to that of
DSPE-PEG-3000 reported previously [25]. Percentage
polydispersity (%Pd) values of PEG-KSLW and
PLM-KSLW were 23.3% and 19.8%, respectively. The
level of homogeneity is considered to be high when
%Pd value is <15% [26]. Thus, the %Pd value of
PLM-KSLW (19.8%) indicates that it has relatively
good homogeneity. Results of MALDI-TOF MS and
DLS indicated that KSLW was successfully
conjugated with DSPE-PEG, and that PLM-KSLW
micelles were formed appropriately. Further, the
loading capacity of KSLW in the micelles was 248 ng
(£ 6) per mg of micelles, indicating that the drug
loading capacity was 25%. The preparation yield of
PLM-KSLW was 76.8% (x 1.9). In vivo half-lives of
PEG-KSLW and PLM-KSLW were >10-fold higher
than that of KSLW (Fig. 1E).
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Figure 1. Synthesis and characterization of PEG-KSLW and PLM-KSLW. The reaction between DSPE-PEG and KSLW at pH 5.5 in the presence of
NaCNBH; (A) and formation of KSLW-conjugated DSPE-PEG micelles (PLM=KSLW) (B). Characterization of PEG=KSLW (C) and PLM=KSLW (D) by performing
MALDI-TOF MS (left) and DLS (right). (E) Average in vivo half-lives of KSLW, PEG5K~KSLW, and PLM-KSLW are shown. The y-axis represents the relative
absorbance ratio of each construct-treated group vs. untreated group.

monitored for five days after CLP. The sham control
mice underwent similar surgery without CLP.
Treatment with KSLW, PEG5K-KSLW, and
PLM-KSLW increased the survival rate of

In the present study, we used a mouse model of
cecal ligation and puncture (CLP)-induced sepsis
because it is the most similar animal model to human
sepsis [27]. We hypothesized that the treatment of

CLP-induced septic mice with KSLW, PEG5K-KSLW,
or PLM-KSLW increased their survival because of the
high clinical biocompatibility [25, 28] and
antimicrobial activity of KSLW. Survival of mice was

CLP-induced septic mice (Fig. 2A and Table 1). We
also compared the survival rate of PLM-KSLW in
CLP-induced septic mice with two other cationic
AMPs, lactoferricin B or LL-37, which has
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anti-inflammatory or antiseptic effects. The data
showed that the antiseptic effects of PLM-KSLW were
better than those of lactoferricin B or LL-37
(Supplementary Fig. 1A). Moreover, treatment with
each construct decreased the mortality in septic mice
intravenously injected with LPS (Supplementary Fig.
1B). To confirm these beneficial effects, septic mice
were infected with gram-negative or -positive bacteria
and were treated with KSLW, PEG5K-KSLW, and
PLM-KSLW. Treatment with KSLW, PEG5K-KSLW,
and PLM-KSLW improved the survival rate of septic
mice infected with gram-negative bacteria but not of
septic mice infected with gram-positive bacteria
(Supplementary Figs. 1C and 1D). These results
confirmed the beneficial effects of each cationic
construct in inhibiting the colonization and
promoting the clearance of gram-negative bacteria
[29]. Pulmonary dysfunction and hyper-inflammation
are closely associated with septic mortality [30].
Histopathological examination showed that the lungs
of CLP-induced septic mice showed severe injury and
alveolar damage, which reduced after treatment with
KSLW, PEG5K-KSLW, or PLM-KSLW (Fig. 2B).
However, the histological structure of liver was
normal as in the sham group (Supplementary Fig. 2).
CLP also induced the formation of necrotic areas in
the liver, with significantly enhanced infiltration of
inflammatory cells into areas surrounding the
centrilobular veins of the liver (Supplementary Fig. 2).
Treatment with  KSLW, PEG5K-KSLW, or
PLM-KSLW, however, attenuated the severity of
inflammation and necrosis induced by CLP
(Supplementary Fig. 2). These results suggest that
PEG5K-KSLW or PLM-KSLW promote barrier repair
and endothelial cell regeneration after CLP-induced
lung and liver injury. Therefore, we hypothesized that
PEG5K-KSLW or PLM-KSLW exerted protective
effects on vascular barrier integrity under septic
condition. Because cytokines released in response to
large-scale inflammation result in excessive
vasodilation, increased vascular permeability,
decreased systemic vascular resistance, and low blood
pressure [31-32], it is important to decrease vascular
permeability while treating sepsis. Therefore, we
examined whether PEG5K-KSLW or PLM-KSLW
inhibited LPS- or CLP-induced vascular barrier
disruption in human umbilical vein endothelial cells
(HUVECs) and mice. Results of in vivo (Fig. 2C) and in
vitro permeability assays (Fig. 2D) indicate that
PEG5K-KSLW and PLM-KSLW prevented vascular
leakage wunder septic conditions. The average
circulating blood volume in mice is 72 mL/kg [33].
Because the average weight of mice used in the
present study was 26 g and their average blood
volume was 2 mlL, the dose of KSLW (250 or 500

ng/kg) used in the present study was equal to its
peripheral blood concentration of approximately 2.5
or 5 pM. Furthermore, none of the constructs affected
cell viability at concentrations up to 10 uM, as
determined by performing MTT assay in HUVECs
treated with each construct for 48 h (data not shown).

Table 1. Final survival rate (%) of KSLW, PEG-KSLW, or
PLM-KSLW in CLP-induced septic lethality 132 hours after CLP
surgerya.

ug/kg Sham CLP CLP + CLP + CLP +
KSLW PEG5K-KSLW PLM-KSLW

100 100 0 0 5 20

250 100 0 5 20 40

500 100 0 20 40 50

aEach value represents the means+SD (n=20).

Systemic inflammatory responses in sepsis
induce the failure of major organs such as the liver
and kidney [34]. CLP significantly increased the
plasma levels of alanine transaminase (ALT) and
aspartate transaminase (AST), which are hepatic
injury markers (Supplementary Fig. 3A), and
creatinine and blood urea nitrogen (BUN), which are
renal injury markers (Supplementary Figs. 3B and
3C). PEG5K-KSLW or PLM-KSLW treatment
decreased CLP-induced increase in the levels of
hepatic and renal injury markers. PEG5K-KSLW or
PLM-KSLW treatment also decreased the levels of
LDH, another important tissue injury marker, in
CLP-operated mice (Supplementary Fig. 3D).
Moreover, PEG5K-KSLW or PLM-KSLW treatment
significantly decreased CLP-induced increase in the
levels of inflammatory cytokines interleukin (IL)-18,
IL-6, and IL-10 (Supplementary Fig. 3E); tumor
necrosis factor (TNF)-a (Supplementary Fig. 3F); and
monocyte chemotactic protein-1 (MCP-1;
Supplementary Fig. 3G). These results indicate that
PLM-KSLW was a more effective antiseptic than
KSLW and PEG5K-KSLW. This may be because of the
high affinity of PLM-KSLW toward occludin (OCLN),
the main tight junction protein expressed on vascular
endothelial cells, compared with that of KSLW and
PEG5K-KSLW  (Supplementary Fig. 4A-4C). A
plausible explanation is that because PLM forms
micelles at high concentration, circulates stably in the
body, and biodegrades into a monomer [24], an
unwearied monomeric form of PLM-KSLW may
protect vascular barrier function and exert antiseptic
effects. In addition, CD31 (endothelial cell marker)
enzyme-linked immunosorbent assay (ELISA)
showed the compatibility of KSLW, PEG5K-KSLW, or
PLM-KSLW in normal human endothelial cells
(Supplementary Fig. 4D). Next, we determined
whether KSLW or PLM-KSLW caused undesired
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immune responses after i.v. injection. To do this, we
examined the expression levels of various cytokines
such as inflammatory or T cell cytokines, IgGza, and
IgGyp in the mouse blood. Data showed that Thl
cytokines (interferon (IFN)-y,IL-2), Th2 cytokines
(IL-4, -5, -13), and inflammatory related cytokines
(IL-1B, -6, -13, TNF-a) did not show significant
changes within five days after injection (Table 2).
Further, the expression levels of IgGoa and IgGos were
not changed significantly by KSLW or PLM-KSLW
(Table 2). These results suggest that PLM-KSLW
ameliorates polymicrobial septic death without
undesired immune responses, and can be used as a
potential therapeutic drug candidate for treating
sepsis and septic shock.

We determined the binding proteins and
domains of KSLW in vascular endothelial cells by
using I-TASSER method [35-37] and ZDOCK-server
[38] that predicted its protein structure and
protein-peptide docking model, respectively. KSLW
binds to the extracellular loop B glycine/tyrosine

(GY)-rich domain of OCLN, which is the cleavage site
for matrix metalloproteinases (MMPs) (Fig. 3A,
docking image) [39-40]. Results of previous studies
indicate that vascular barrier disruption occurs
because of the destruction of tight junction
architecture in vascular endothelial cells [41], and that
the extracellular loops of OCLN play a critical role in
tight junctions to maintain vascular barrier integrity
[42-43]. Thus, our results indicate that KSLW is a
novel binding partner of OCLN and exerts protective
effects against vascular barrier disruption. To
determine the ability of KSLW, PEG5K-KSLW, or
PLM-KSLW to directly bind OCLN, we determined
the binding affinities of these constructs toward the
extracellular loops B and D of OCLN and toward
full-length OCLN (Supplementary Fig. 5) by
performing solid-phase ELISA. Our results showed
that each construct complexed with full-length OCLN
and with extracellular loop B of OCLN (Fig. 3B and
Supplementary Fig. 4), and that the binding ability of
PLM-KSLW was better than that of KSLW or
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Figure 2. Antiseptic effects of PEG-KSLW and PLM-KSLW. (A and B) Male C57BL/6 mice (n = 20) were treated with KSLW, PEG-KSLW, or
PLM—-KSLWV (500 pg/kg) at 12 and 50 h after CLP. Control CLP-operated mice (©) and sham-operated mice (®) were treated with sterile saline. Survival curves of
CLP-operated mice (A), and H&E staining of lung tissues (B). Images are representative of three independent experiments. Kaplan—Meier survival analysis was
performed to determine overall survival rates compared with those of CLP-operated mice. (C) Effects of treatment with 250 or 500 pg/kg of each construct on
vascular permeability in CLP-induced septic mice were examined by measuring the amount of Evans blue present in peritoneal washings (expressed as pig/mouse,
n =5). (D) Effects of post-treatment with different concentrations of each construct for 6 h on barrier disruption induced by LPS (1 pug/mL, 8 h) were monitored
by measuring the flux of Evans blue-bound albumin into HUVECs. All results are expressed as mean * SD of three independent experiments performed on different
days; *p < 0.05 vs. CLP only treatment (C) or LPS only treatment (D); *p < 0.05 vs. white or gray bar.
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PEG5K-KSLW (Supplementary Figs. 4A and 4B).
However, none of the constructs interacted with the
extracellular loop D of OCLN (Fig. 3B and
Supplementary Fig. 4C), as predicted using the
ZDOCK server. These results suggest that the
modification of KSLW does not induce a steric
hindrance in its binding to the extracellular loop B of
OCLN. PLM-KSLW inhibited inflammation-induced
reduction in OCLN phosphorylation (Figs. 3C and
3D), which was consistent with the findings of a
previous study that septic condition decreased the
phosphorylation of Ser, Thr, and Tyr residues in
OCLN expressed on endothelial cells [44-45], and that
dephosphorylation of OCLN was associated with the
disassembly of tight junctions and increase in vascular
permeability [46-47]. Secreted MMP-induced cleavage
of OCLN under inflammatory condition impairs the
barrier function of endothelial cells and redistributes
tight junctional molecules in cell contact site [48].
Therefore, PLM-KSLW may prevent secreted
MMP-induced  cleavage of OCLN  under
inflammatory condition (Figs. 3E and 3F). These
results (Figs. 3C-3F) were confirmed by performing

confocal imaging, which indicated that PLM-KSLW
decreased the increase in OCLN cleavage in the
mouse vena cava (Fig. 3G). These results suggest that
PLM-KSLW complexes with OCLN and inhibits its
dephosphorylation and cleavage by inducing steric
hindrance, and by forming a protective layer on blood
vessels, thus inhibiting sepsis-induced cleavage of
endothelial tight junctions and disruption of the
vascular barrier.

Table 2. Effects of KSLW or PLM-KSLW on the expressions of
cytokines, IgG24, and IgGzs in vivo after 5 days i.v. injectionz.
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Figure 3. Binding affinities of KSLW, PEG-KSLW, and PLM-KSLW toward OCLN and their effects on the cleavage of OCLN. (A) Binding of
KSLW (blue) to the extracellular domain B (red), extracellular domain D (yellow), or other sites (gray) of OCLN was predicted using the ZDOCK server. (B) The
ability of KSLW, PEG-KSLW, and PLM-KSLW to bind to full-length OCLN (white), extracellular domain B of OCLN (gray), or extracellular domain D of OCLN
(black) were measured by performing ELISA; *p < 0.05 vs. BSA (B). All results are expressed as mean # SD of three independent experiments performed on different
days. (C and D) PLM-KSLW suppressed LPS-induced phosphorylation of Thr, Ser, and Tyr residues of OCLN, as determined by performing immunoprecipitation (IP)
and immunoblotting (IB). (E) Enzymatic activity of MMP-2 or MMP-9 in cell culture supernatants of LPS-treated HUVECs was determined by performing SDS-PAGE
gelatin zymography. (F) Protective effect of PLM=KSLW against the cleavage of OCLN in HUVECs treated with LPS (1 pg/ml, 12 h) was determined by performing
western blotting. (G) Protective effect of PLM=KSLW on the cleavage of OCLN after CLP was examined by performing immunohistochemistry. OCLN (green) and
CD31 (red) were stained with the respective fluorescent antibodies and were imaged by performing confocal microscopy. Images are representative of three

independent experiments.
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Figure 4. In vivo and in vitro bactericidal activities of KSLW, PEG-KSLW, and PLM-KSLW. (A and B) KSLW, PEG-KSLW, and PLM-KSLW (500 pig/kg)
were intravenously injected into CLP-induced septic mice 12 h after CLP. Bacterial loads in the peritoneal fluid (A) and blood (B) of CLP-operated mice (n = 10 each)
treated with KSLW, PEG-KSLW, or PLM-KSLW were analyzed by counting bacterial colonies. Data were statistically analyzed using Mann—Whitney U test. (C and
D). Bactericidal effect of KSLW, PEG-KSLW, or PLM=KSLW on gram-negative or -positive bacteria. Gram-negative and -positive bacteria seeded in Luria—Bertani
(LB) plates were treated with the indicated concentrations of KSLW, PEG=KSLW, or PLM-KSLW, and surviving colonies were counted. LB plates containing
antibiotics gentamicin or vancomycin were used as positive controls. All results are expressed as mean + SD of three independent experiments performed on

different days; *p < 0.05 vs. CLP only treatment (A and B) or PBS treatment (C).

Previous studies have shown that CLP lethality
is associated with bacterial colony count in the
peritoneal fluid and blood [30, 49]. In the present
study, we determined the effect of KSLW,
PEG5K-KSLW, or PLM-KSLW on bacterial clearance
in both the peritoneal fluid and blood. Treatment with
KSLW, PEG5K-KSLW, or PLM-KSLW dramatically
decreased bacterial colony count by 70% in the
peritoneal fluid and by 90% in the blood at 24 h after
CLP (Figs. 4A and 4B). Because results of clinical
studies indicate that the use of antimicrobial agents is
a definitive therapeutic strategy for treating patients
with sepsis [50-53], we determined the direct
bactericidal effects of KSLW, PEG5K-KSLW, or
PLM-KSLW in vitro. Antimicrobial activity of KSLW,
PEG5K-KSLW, or PLM-KSLW was examined using
gram-negative (Escherichia coli, Klebsiella pneumoniae,

and Pseudomonas aeruginosa) and gram-positive
(Staphylococcus aureus, Streptococcus  faecium, and
Enterococcus  faecalis) bacteria. Gentamicin and

vancomycin were used as positive controls for

determining  antimicrobial  activities  against
gram-negative and gram-positive, respectively. We
found that KSLW, PEG5K-KSLW, and PLM-KSLW
showed antibacterial activity against gram-negative
bacteria but not against gram-positive bacteria (Figs.
4C and 4D). KSLW reduced bacterial count and
inhibited bacterial growth. These findings indicate
that KSLW performs a dual function, in that it inhibits
bacterial growth in the peritoneal fluid and blood and
prevents OCLN cleavage in vascular endothelial cells,
indicating its potent usefulness for treating sepsis.
Vascular inflammation increases the expression
of cell adhesion molecules (CAMs) such as vascular
cell adhesion molecule-1 (VCAM-1), intercellular
adhesion molecule-1 (ICAM-1), and E-selectin on the
surface of endothelial cells and leukocytes, thus
promoting the adhesion and migration of leukocytes
across the endothelium [54]. Under severe septic
condition, many neutrophils adhere to the surface of
the endothelium and transmigrate to the
extravascular space, resulting in severe microvascular
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injury and dysfunction [55]. We hypothesized that
treatment with KSLW, PEG5K-KSLW, and
PLM-KSLW  alleviated  LPS-induced vascular
inflammatory responses. We found that treatment
with KSLW, PEG5SK-KSLW, and PLM-KSLW
inhibited LPS-mediated upregulation of CAM
expression (Supplementary Figs. 6A-6C), adhesion of
leukocytes (Supplementary Fig. 6D), transendothelial
migration (Supplementary Fig. 6E), and CLP-induced
migration of leukocytes (Supplementary Fig. 6F).
These results indicate the potential of KSLW,
PEG5K-KSLW, and PLM-KSLW for treating severe
vascular inflammatory diseases. PLM-KSLW showed
the highest anti-inflammatory activity, followed by
KSLW and PEG5K-KSLW.

Thus, we developed a novel safe antimicrobial
peptide, KSLW, in the form of a PEGylated
phospholipid micelle, and determined its efficacy in
decreasing sepsis-associated mortality rate because of
its increased bioavailability. Interestingly, we found a
novel role of PLM-KSLW in tightening vascular
barrier integrity by binding to the GY-rich domain of
OCLN, a tight junction protein. Furthermore,
PLM-KSLW improved the survival rate of mouse
models with LPS-, bacteria-, and CLP-induced sepsis
and inhibited LPS-induced severe vascular
inflammatory responses in HUVECs. We believe that
PLM-KSLW can be used for treating sepsis, severe
sepsis, and septic shock because of its dual function of
exerting antibacterial and cytoprotective effects
against bacteria and proinflammatory mediators,
respectively.
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