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Saikosaponin A protects against experimental sepsis via
inhibition of NOD2-mediated NF-kB activation
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Abstract. The excessive production of inflammatory cytokines
during invasive infection primarily mediates the pathophysi-
ology of sepsis. To improve the survival of septic patients,
many selective or mediator-specific anti-inflammatory agents
have been developed. Saikosaponin A (SsA), a triterpenoid
saponin isolated from Radix Bupleuri, inhibits the produc-
tion of proinflammatory mediators in several cell types and
protects against CCl,-induced liver injury in rats. However,
whether SsA treatment provides protective effects against sepsis
remains unknown. The aim of the present study was to inves-
tigate the anti-inflammatory role of SsA in septic rats and the
possible involvement of the nucleotide-binding oligomerization
domain 2 (NOD2)/NF-«B signaling pathway in the regulation
of inflammatory cytokine expression. Sixty male Wistar rats
were randomly divided into six groups (10 rats per group):
Sham surgery, cecal ligation and puncture (CLP), CLP plus SsA
(1.0 mg/kg), CLP plus SsA (2.5 mg/kg), CLP plus SsA (5.0 mg/
kg) and sham surgery plus SsA (2.5 mg/kg) groups. Rats in the
SsA groups were intraperitoneally (i.p.) injected with different
doses of SsA following the CLP surgery. Tissues from the ileum
were harvested 8 h after CLP or sham surgery and the levels of
inflammatory cytokines and NOD2 mRNA, and the activation
of NF-«B were measured. The concentrations of the cytokines
tumor necrosis factor (TNF)-a and interleukin (IL)-6, as well
as the NOD2 mRNA expression levels and NF-kB activation
in the intestinal tissues were significantly increased in the
septic rats of the CLP group compared with those in the sham
group. SsA administration effectively suppressed the increase
in the levels of TNF-a and IL-6. Moreover, the upregulation of
NOD2 mRNA expression and phospho-NF-kB p65 levels was
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significantly inhibited following the administration of SsA. SsA
may exert a protective role in the septic process by suppressing
TNF-a and IL-6 concentrations in the intestines of septic rats
and these effects appear to be mediated, at least partly, via inhi-
bition of the NOD2/NF-«B signaling pathway.

Introduction

Sepsis, which is characterized by a systemic inflammatory
response to invasive microbial pathogens, is one of the major
causes of mortality in intensive care units globally (1). During
the years 1979-2000, the overall mortality rate of sepsis rose
from 22 to 44 per 100,000 population (2), accounting for ~9%
of the total annual mortality in the United States (3). Despite
advances in understanding the pathogenesis of sepsis, efforts to
use new treatment methods in clinical settings have not been
proved successful and the mortality rate for sepsis remains
high. Thus, it is necessary to develop new therapies in order to
improve clinical outcomes in the future.

The proinflammatory cytokine tumor necrosis factor
(TNF)-a., together with secondary proinflammatory mediators
such as interleukin (IL)-6 and IL-8, appear to be generated to
modulate the human immune response to severe infections.
TNF-a and IL-6 are considered to be important regulatory
factors in the cytokine network during sepsis (4,5). The exces-
sive production of cytokines may increase vascular permeability,
cause coagulopathy and change the metabolism of cells, which
frequently contributes to the vulnerability of multiple organ
dysfunction syndrome (6).

Radix Bupleuri (RB), the dried roots of Bupleurum
falcatum L., is frequently included in traditional Chinese herbal
formulas designed to provide anti-inflammatory, antipyretic
and antihepatotoxic effects in the treatment of common cold,
fever and hepatitis (7). Saikosaponin A (SsA) is amajor bioactive
triterpenoid saponin isolated from RB and has been identified
as (3p,4a,16p)-13,28-epoxy-16,23-dihydroxyolean-11-en-3-
yl-6-deoxy-3-O-p-D-glucopyranosyl-f3-D-galactopyranoside
(Fig. 1) (8). Previous studies have demonstrated that SsA
exhibits anti-inflammatory activity in vitro and in vivo (9,10).
However, little is known concerning the protective effects of
SsA against sepsis.

In the present study, the inhibitory effects of SsA on
the important proinflammatory cytokines, TNF-o and IL-6
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in the intestinal tissues of septic rats were investigated.
Furthermore, nucleotide-binding oligomerization domain 2
(NOD2) mRNA expression levels and the activation of the
NF-kB were examined in order to explore the mechanism
underlying the effects of SsA on the inflammatory response.

Materials and methods

Animals. Sixty male Wistar rats weighing 180-200 g were
provided by the Laboratory Animal Center of Henan Province
[Zhengzhou, China; Certificate No. SYXK (Yu2011-0001)].
During the experiments, all rats were kept in wire-bottomed
cages at 25+2°C, given tap water and standard pellet diet
and exposed to a 12-h light/dark cycle at 50-60% humidity.
Animal use was in accordance with the Guide for the Care and
Use of Laboratory Animals of the National Institutes of Health
(4th edition, 2008). The study was approved by the Ethics
Committees of Zhengzhou University (Zhengzhou, China).

Experimental protocol. The 60 rats were assigned equally to
six groups: Sham surgery, cecal ligation and puncture (CLP),
CLP plus SsA (1.0 mg/kg), CLP plus SsA (2.5 mg/kg), CLP
plus SsA (5.0 mg/kg) and sham surgery plus SsA (2.5 mg/kg).
Immediately following CLP surgery, rats were intraperitone-
ally (i.p.) treated with SsA (purity > 98%; Shanghai Institute
of Pharmaceutical Industry, Shanghai, China) at the speci-
fied dose or phosphate-buffered saline (PBS; 5 ml). In each
group, 2 surviving rats were sacrificed under ether anesthesia
at 1,2, 4, 6 or 8 h after surgery respectively. The ileal tissues
were collected and stored in liquid nitrogen for later use.

CLP procedure. CLP was performed according to the proce-
dure described previously (11). The rats were anesthetized i.p.
with 2.5% pentobarbital sodium (40 mg/kg; Sigma-Aldrich,
St. Louis, MO, USA). Following a 3-cm midline incision, the
cecum was exposed and ligated with a 3-0 silk suture below
the ileocecal valve. The cecum was then punctured between
the ligation and the tip of the cecum with a 20-gauge needle.
After extruding a small amount of feces from the punctured
site, the cecum was replaced into the peritoneum and the inci-
sion was closed using a sterile 6-0 silk suture. Rats in the sham
group underwent the same laparotomy without the CLP.

Enzyme-linked immunosorbent assay (ELISA). The ileal
tissues were thawed, washed in PBS, blotted on filter paper,
and weighed. Thereafter, homogenization was performed
in ice-cold homogenate buffer, containing 10 mM HEPES
(pH 7.9), 10 mM KCl, 2 mM MgCl,, 0.1 mM EDTA, 1.0 mM
dithiothreitol and 0.5 mM phenylmethanesulfonyl fluoride.
The homogenates were centrifuged at 3,000 x g for 15 min
at 4°C. The supernatants were collected and were stored
at -80°C until assayed. TNF-a and IL-6 levels in the tissue
homogenates were determined by ELISA using commercial
kits (TNF-a ELISA kit; Diaclone, Besancon, France; IL-6
Rat ELISA kit, cat. no. KRC0061; BioSource Europe SA,
Nivelles, Belgium). The concentrations of TNF-a and IL-6
were expressed in units of pg of cytokine per mg total protein.

Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR). Tissues from the ileum were homogenized and
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total RNA was isolated using TRIzol reagent according to the
manufacturer's instructions (Invitrogen Corp., Carlsbad, CA,
USA). The RNA was converted into cDNA using M-MLV
Reverse Transcriptase (Promega Corporation, Madison, WI,
USA) and oligo(dT) primers. qPCR analysis with SYBR Green
was performed using the Rotor-Gene™ 3000 real-time DNA
analysis system (Corbett Research, Sydney, Australia).
Amplifications were performed in triplicate using a standard
shuttle PCR protocol (30 sec at 94°C, 30 sec at 55°C and 30 sec
at 72°C) for 40 cycles. Primer sequences were as follows (all 5'
to 3'): NOD2 forward, ATCCCTCGGTTACTATGTTG;
reverse, GCTTCCTGAATACTCCTCCT; p-actin forward,
CCCATCTATGAGGGTTACGC; reverse, TTAATGTCA
CGCACGATTTC. Primers were designed with Primer
Premier 6.0 software (Premier Biosoft, Palo Alto, CA, USA).
The cDNA results for NOD2 were normalized to f-actin
measured on the same plate.

Western blot analysis. Following the determination of
protein concentrations using a bicinchoninic acid (BCA)
kit (Sigma-Aldrich), proteins were separated by SDS-PAGE
on a 10% Tris-glycine gel, transferred to polyvinylidene
membranes, and incubated with phospho-NF-kB p65
rabbit polyclonal antibody (1:1,000 dilution; Cell Signaling
Technology, Danvers, MA, USA) at 4°C overnight, then
washed twice with Tris-buffered saline and Tween 20 (TBST),
followed by horseradish peroxidase conjugated secondary
antibodies (Santa Cruz Biotechnology, Inc., Dallas, TX,
USA) at 1:1,000 dilution for 1 h at room temperature. After
exensive washing with TBST, protein bands were visualized
by the enhanced chemiluminescence reagent (Amersham
Pharmacia Biotech, Tokyo, Japan). The relative expression
ratio was determined with the density of the band of the
protein of interest to that of a -actin reference band using
the software UN-SCAN-IT gel version 6.1 (Silk Scientific,
Inc., Orem, UT, USA). Experiments were repeated at least
three times.

Statistical analysis. Statistical analyses were performed using
SPSS software, version 15.0 (SPSS Inc., Chicago, IL, USA).
Measurements were expressed as the mean + standard devia-
tion (SD). Differences among multiple groups were examined
by one-way analysis of variance (ANOVA). P<0.05 was
considered to indicate a statistically significant result.

Results

Proinflammatory cytokine concentrations. Following CLP
surgery, the concentrations of TNF-a and IL-6 in the intes-
tines of the rats increased in a time-dependent manner, and the
maximum levels were recorded at 8 h post-surgery (P<0.01;
Fig. 2). The effect of SsA on the CLP-induced increase in
cytokine levels was also studied at this time point. At doses
of =1.0 mg/kg, SsA significantly repressed the elevation of
TNF-a (P<0.05). The inhibitory effects on TNF-a were
accompanied by a statistically significant inhibition of IL-6
elevation at doses of =2.5 mg/kg following CLP (P<0.05).
Additionally, SsA did not affect the levels of proinflamma-
tory cytokines in the rats that did not undergo CLP treatment
(P>0.05; Fig. 3).
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Figure 1. Chemical structure of saikosaponin A.
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Figure 2. Intestinal concentrations of TNF-a and IL-6 measured by ELISA.
Intestinal concentrations of (A) TNF-a in sham (control) and (B) CLP group
rats at 1,2, 4, 6 and 8 h following CLP surgery. Results are presented as the
means + standard deviation of three independent experiments. TNF, tumor
necrosis factor; IL, interleukin; CLP, cecal ligation and puncture.

NOD2 mRNA expression. As shown in Fig. 4,in the CLP group,
NOD2 mRNA expression in the intestines was significantly
increased at 8 h post-surgery compared with that in the sham

surgery group (P<0.05), and SsA markedly suppressed the
upregulation of NOD2 mRNA expression in a dose-dependent
manner (P<0.05). In addition, the expression of NOD2 mRNA
in the sham surgery group was found to be similar to that of
the sham surgery plus SsA group.

Expression of phospho-NF-xB p65. To investigate the effect of
SsA on the activation of NF-kB in the ileum, the phosphory-
lation of the NF-kB p65 subunit was examined by western
blotting 8 h after CLP or sham surgery. As demonstrated in
Fig. 5, the p65 level increased significantly at 8 h after CLP,
while SsA treatment markedly inhibited the activation of p65
in a dose-dependent manner (P<0.05). Moreover, the p65 level
in the sham surgery plus SsA group was similar to that of the
sham surgery group. These results suggest that SsA blocked
the elevation of NF-«xB activation induced by CLP.

Discussion

Sepsis is a complex clinical syndrome comprising a systemic
inflammatory response to invasive infection, which can cause
cell injury and progress to multi-organ dysfunction (1,12). It is
believed that the intestine is not only a major ‘victim’ that is
passively damaged, but also a driving force due to the systemic
release of inflammatory cytokines affecting the function and
integrity of other remote organs during the sepsis process (13).
To mimic clinical polymicrobial sepsis derived from the intes-
tinal tract, a CLP model was established in the present study
and the concentrations of proinflammatory cytokines in the rat
intestine were measured. The results showed that the intestinal
levels of TNF-a and IL-6 markedly increased following CLP
in a time-dependent manner.

Several authors have reported that SsA is able to reduce the
secretion of proinflammatory mediators, such as TNF-a, IL-1f3,
IL-6 and prostaglandin E2 in a number of cell types (10,14-16).
Furthermore, SsA has been shown to suppress the contents of
TNF-a, IL-1p and IL-6, and increase the IL-10 level in rats
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Figure 3. Effects of SsA on the levels of TNF-a and IL-6. Effects of SsA
at different doses on the concentrations of (A) TNF-a and (B) IL-6 in rat
intestines at 8 h after CLP or sham surgery. Results are presented as the
means =+ standard deviation of three independent experiments. "P<0.05 com-
pared with the sham group; “P<0.05 compared with the CLP group. SsA,
saikosaponin A; TNF, tumor necrosis factor; IL, interleukin; CLP, cecal
ligation and puncture.

with CCl,-induced liver inflammation and fibrogenesis (17,18).
SsA has also been found to decrease the serum TNF-a level
in a murine model of allergic rhinitis (15). In agreement with
these previous studies, the results of the present study demon-
strated that SsA at different doses inhibited the increases in
the levels of TNF-a and IL-6 in the ileal tissues of septic rats.

NF-«B is an inducible nuclear transcription factor, which
plays a key role in regulating the transcription of several genes,
including those encoding proinflammatory cytokines such as
TNF-a, IL-1p and IL-6 involved in severe sepsis and septic
shock (1,19). It is now well established that the persistent acti-
vation of NF-«B is associated with a higher mortality rate in
septic patients (20). Clinical evidence has demonstrated that
the suppression of NF-«kB activity may exert an beneficial
effect on sepsis (21,22). NOD2 is known to be an important
innate cytosolic receptor involved in protective immunity
against infectious agents (23). NOD2 in the host cells senses
the peptidoglycan component of gram-positive and -negative
bacteria, transmits signals to receptor-interacting protein 2,
and then triggers a NF-kB-mediated proinflammatory and
antibacterial response (24,25), which leads to a positive feed-
back loop during the infection process (26). Polymorphisms in
the gene encoding NOD2 in humans have been associated with
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Figure 4. Effect of SsA at different doses on NOD2 mRNA expression.
NOD2 mRNA expression levels in rat intestines at 8 h after CLP or sham sur-
gery were analyzed by reverse transcription-quantitative polymerase chain
reaction. Results are presented as the means + standard deviation of three
independent experiments. "P<0.05 compared with the sham group; “P<0.05
compared with the CLP group. SsA, saikosaponin A; NOD2, nucleotide-
binding oligomerization domain 2.
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Figure 5. Effect of SsA on the activation of NF-kB in intestines 8 h after CLP
or sham surgery. Expression of phospho-NF-kB p65 was analyzed by western
blotting and the relative ratio was calculated from the density of the band
relative to that of B-actin. "P<0.05 compared with the sham group; "P<0.05
compared with the CLP group. SsA, saikosaponin A; CLP, cecal ligation and
puncture.

early mortality in septic patients as they affect the ability of
NOD2 to recognize bacteria and activate NF-xB (27). From the
studies described above, a potential role of the NOD2/NF-xB
pathway in sepsis is suggested. In the present study, it was
shown that the activation of NF-kB was greatly enhanced
following CLP and that SsA suppressed NF-«kB activation.
Moreover, a noteworthy observation is that NOD2 expression
was markedly upregulated in the intestines of rats following
CLP and SsA inhibited its expression. Collectively, the present



EXPERIMENTAL AND THERAPEUTIC MEDICINE 10: 823-827, 2015

findings indicate that SsA may exert a protective role against
sepsis, possibly via the downregulation of the expression of
NOD2 mRNA, which is necessary for NF-«B activation and
TNF-a and IL-6 expression.

There are certain shortcomings in the present study. First,
although NOD?2 is necessary for initiating the proinflammatory
function via NF-xB activation, it is not possible to rule out the
possibility that SsA inhibits the activation of NF-xB via other
signaling pathways. Further studies are required to explore the
function of the NOD2-mediated NF-«B pathway independently.
Secondly, data in the literature indicates that the delicate balance
between proinflammatory and anti-inflammatory mediators
determines the severity of infection (28,29). In the present study,
cytokines with notably anti-inflammatory properties, such as
IL-10 and IL-13, which reduce inflammation by suppressing
NF-«B activation (30,31) were not investigated. Further studies
to demonstrate the effect of SsA on anti-inflammatory cytokine
production and the potential mechanism involved are required.

In conclusion, the present study reveals the protective
effect of SsA during the CLP-induced septic process, which
may be achieved, at least in part, through the inhibition of the
NOD2-mediated NF-kB signaling pathway. Thus, the potent
anti-inflammatory actions of SsA indicate that it may be useful
as a new therapeutic agent for sepsis.
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