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Picroside II protects against sepsis  
via suppressing inflammation in mice
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Abstract: Picroside II, an iridoid compound extracted from Picrorhiza, exhibits anti-inflammatory and anti-apoptotic 
activities. We explored the protective effects and mechanisms of picroside II in a mouse model of sepsis induced 
by cecal ligation and puncture (CLP), using three groups of mice: Group A (sham), Group B (CLP+NS) and Group C 
(CLP+20 mg/kg picroside II). The mortality in mice with sepsis was decreased by the administration of picroside II, 
and lung injury was alleviated simultaneously. Picroside II treatment enhanced bacterial clearance in septic mice. 
Further, picroside II treatment alleviated the inflammatory response in sepsis and enhanced immune function by 
inhibiting the activation of NLRP3 inflammasome and NF-κB pathways. Picroside II may represent an anti-inflamma-
tory drug candidate, providing novel insight into the treatment of sepsis.
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Introduction

Sepsis is a complex inflammatory syndrome 
induced by pathogens and their toxic products. 
Absence of prompt medical treatment results 
in severe sepsis, septic shock and multiple 
organ dysfunction syndrome (MODS) [1, 2]. 
Currently, approximately 800,000 cases of 
sepsis are estimated to occur annually in the 
USA with a mortality rate of about 27% [3]. 
Despite advances in medical treatment world-
wide, humans are increasingly susceptible to 
microbial diseases. Moreover, the pathophysi-
ology of sepsis is complex and difficult to treat. 
Consequently, it is a great clinical challenge. 
The pathophysiology of sepsis is characterized 
by excessive inflammatory reaction (namely 
“the storm of inflammation”) and secondary 
immune disorder or immune function inhibition 
(namely “immunosuppressive phase”) [4, 5]. 
The pattern recognition receptors (PRRs), as 
well as their downstream signaling pathways, 
mediate strong inflammatory response, acti-
vate various inflammatory cells and release a 

number of proinflammatory factors with exces-
sive catabolism and energy consumption to 
eliminate pathogens during the storm of inflam-
mation [6]. During the elimination of pathogens, 
excessive production of inflammatory media-
tors contributes to overwhelming inflammatory 
response, which triggers systemic inflammatory 
response syndrome (SIRS), and tissue and cell 
damage [7]. Thus, it is crucial to control the 
damage associated with excessive inflamma-
tion to effectively ameliorate sepsis.

Studies suggest that specific herbal ingredients 
in traditiional Chinese medicine (TMC) play an 
effective role in treating sepsis. Studies have 
shown that iridoids such as geniposide, arte-
misinin and paeoniflorin present in medicinal 
herbs improve the systemic inflammatory sta-
tus of mice with sepsis by compromising the 
bacterial endotoxin (LPS), inhibiting the exces-
sive release of inflammatory mediators, and 
improving microcirculation and immune regula-
tion [8-10]. Picroside II is an iridoid compound 
utilized in TMC. Currently, three iridoids have 
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been isolated from Picrorhiza scrophularii flora 
pennell including picroside II, picroside II, and 
picroside III. Picroside II is the most abundant 
iridoid, which is the primary effective compo-
nent [11]. According to Jian-Wen et al., picro-
side II directly reduced the production of ROS to 
improve the activities of antioxidant enzymes 
by inhibiting free radical reactions, and promot-
ing the recovery of injured cells, to protect 
PC12 cells from glutamate-induced damage 
[12]. Lei et al. found that injecting picroside II 
into rat tail vein or intraperitoneal cavity signifi-
cantly decreased the production of reactive 
oxygen species and inflammatory factors in 
renal ischemia reperfusion injury, in addition to 
inhibiting the expression of TLR, NF-κB and I-κB 
and reducing cellular apoptosis [13]. Wei et al. 
showed that picroside II reduced airway inflam-
mation [14]. Therefore, evidence suggests that 
picroside II is anti-inflammatory, and alleviates 
oxidative stress and damage. Consequently, 
our study concluded that picroside II plays a key 
anti-inflammatory role in sepsis.

NF-κB, known as nuclear factor-κB, is found in 
almost all the cell types. Exogenous injury or 
exposure to bacterial toxins activates NF-κB 
expression [15]. The NF-κB activating pathways 
are very complex and are mediated via diverse 
signal transduction pathways in cells. Primarily, 
various stimulating signals bind to membrane 
receptors and are translocated into the cyto-
plasm, to activate the inhibitor of nuclear factor 
kappa-B kinase (IKK). IKK complex specifically 
phosphorylates the I-κB. The phosphorylated 
IκB dissociates from NF-κB, rapidly triggering 
the degradation of ubiquitin proteasome sys-
tem. IκB, released from NF-κB, is translocated 
rapidly into the nucleus, to combine with the κB 
promoter and enhancer sequences of the  
target gene, to trigger the expression of cyto-
kines, adhesion molecules, inflammatory reac-
tion enzymes and MHC [16, 17]. The activation 
of NF-κB pathway is closely related to the sys-
temic inflammatory response syndrome (SIRS) 
induced by sepsis. Clinical studies showed that 
NF-κB activity in the peripheral monocytes and 
neutrophils of patients with SIRS was signifi-
cantly higher than in the healthy control group, 
and is a prognostic indicator of sepsis [18]. The 
NF-κB activity of neutrophils in patients with 
postoperative complications such as MODS 
was higher than in patients without any compli-
cations. Therefore, NF-κB activation mediates 

the pathophysiology of organ injury and uncon-
trolled inflammatory reaction [19].

Inflammasome is an important multiprotein 
complex required for pathogen elimination, as 
well as oxidative stress after sepsis in immune 
cells [20]. Activation of macromolecular protein 
complex induces self-aggregation of inactive 
pro-caspase-1 and hydrolysis into caspase-1 
[21]. Caspase-1 is the major rate-limiting 
enzyme in the conversion of the precursors of 
pro-inflammatory cytokines IL-1β and IL-18 to 
their active forms [22]. However, caspase-1 
induces proinflammatory form of cell death 
known as pyroptosis after activation [23].

As a member of inflammasome, NLRP3 inflam-
masome senses the pathogen-associated mo- 
lecular pattems (PAMPs) of bacteria, viruses, 
and  fungi to trigger inflammatory response 
[24]. Activated NLRP3 inflammasome induces 
the maturation and secretion of IL-1β and IL-18, 
which recruit inflammatory cells to infectious or 
injuryed sites [25]. Therefore, NLRP3 inflamma-
some plays an important role in sepsis induced 
by microorganisms.

Our study investigated the effect of picroside II 
on the survival rate, organ injury, transcription 
factors NF-κB and NLRP3 inflammasome in a 
mouse model of cecal ligation and puncture 
(CLP). Furthermore, we discussed the potential 
mechanism of picroside II in the expression  
of transcription factors NF-κB and NLRP3 
inflammasome.

Materials and methods

Experimental animals

Male C57BL/6 (6-8 weeks old, 18-25 g) mice 
were purchased from the Animal Lab Center of 
the Second Military University, and caged in a 
temperature-controlled (22±2°C) environment 
under a 12-12 h light-dark cycle with free 
access to food and water. All the experiments 
were approved by the Animal Care and Use 
Committee of the Second Military Medical 
University (SMMU, Shanghai, China). 

Experimental design

To observe the 10-day survival as shown in 
Figure 1, 30 C57BL/6 male mice were random-
ly divided into three groups (n = 10): Group A 
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(Sham), Group B (CLP+NS), and Group C 
(CLP+20 mg/kg picroside II). Normal saline 
(0.9% w/v of NaCl) (NS) and picroside II were 
injected into mice via tail vein at 2 h, 14 h, 26 
h, and 38 h after CLP. Simultaneously, we divid-
ed 18 mice into three groups as above, and 
injected normal saline and picroside II by tail 
vein at 2 h and 14 h after CLP. We collected 
bronchoalveolar lavage fluid, lung tissue, peri- 
pheral blood and peritoneal lavage fluid at 24 h 
after CLP. 

Sepsis model

The sepsis model was created using the experi-
mental methods of cecal ligation and puncture 
(CLP) published by Rittirsch D in Nature Protocol 
[26]. Mice were fasted for 8 h and anesthetized 
by intraperitoneal injections of 0.75% pentobar-
bital solution (10 µL/g) before surgery. They 
were fixed on the operation panel, and after 
routine disinfection of the abdominal skin, a 
longitudinal, paramedian incision of 1 cm was 
created. The subcutaneous tissue layer was 

separated and the abdominal cavity was 
opened to locate the cecum. The mesentery at 
the distal end of cecum and the large intestine 
was isolated. The cecum was tightly ligated 
with a No. 3 sterile silk at the 1/2 of distal end. 
The ligated cecum was penetrated and punc-
tured with sterile needle No. 7 at the center of 
the distal end, and pushed the cecum back to 
the abdominal cavity. After closing and suturing 
the abdominal cavity, mice were injected sub-
cutaneously with 1 mL of NS for fluid resuscita-
tion. The mice were returned to the squirrel-
cage after proper labeling. The whole experi-
ment was conducted at room temperature (22-
-25°C), and the mice were abstained from food 
and water after surgery. Except for CLP, the 
remaining steps in the sham-operated mice 
were similar to the experimental group.

Hematoxylin-eosin staining (HE)

The lungs in the experimental mice were 
exposed bilaterally and the bilateral rib was 
extended to cut the thorax after cardiac blood 

Figure 1. Protective effects of picroside II in mice with sepsis. A: The 10-day survival rate of mice in the three groups. 
n = 10. B: HE staining revealed pathological changes in lung tissue. Magnification: 100×. C: Protein content in BALF 
of each group, n = 6. *, P < 0.05. All the bars represent mean ± sd.
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sampling. Unilateral lung tissue was collected, 
immersed in 4% paraformaldehyde solution to 
provide adequate fixation. The tissue was grad-
ually dehydrated by exposure to an ethanol 
series ranging from low to high concentrations 
before treatment with xylene. The transparent 
samples were embedded in molten paraffin, 
cooled and solidified. The embedded wax 
blocks were sliced with microtome, affixed to a 
slide after hot ironing, dried in the oven at 
45°C. The slices were deparaffinized using 
xylene, followed by treatment with ethanol (high 
to low), and finally distilled water. Slices were 
stained with hematoxylin solution for 5 min, 
and separated for 10 s with acidic water and 
ammonia, washed for 1 h under running water, 
stained for 3 min using alcohol eosin solution 
after dehydration for 10 min in an ethanol 
series (low to high concentration). After treat-
ment with xylene following anhydrous alcohol 
dehydration, they were covered with glass and 
sealed with rubber.

Protein concentration in bronchoalveolar la-
vage fluid (BALF)

The experimental mice were anesthetized with 
intraperitoneal injection of 0.75% pentobarbital 
solution (10 µL/g) and fixed on the operation 
panel after anesthesia. A transverse incision of 
mouse neck skin was made to expose the tra-
chea. The catheter was inserted into the whole 
lung and lavaged with 1 mL saline. The lavage 
fluid was recovered. The procedure was repeat-
ed three times to ensure the recovery of more 
than 80%. Each mouse was exposed to the 
same volume of fluid. After collection of the 
BALFs in all the experiments completely, the 
protein concentration was determined using a 
protein concentration assay kit according to 
the instructions.

Detection of bacterial clearance in peripheral 
blood and peritoneal lavage fluid 

Initially, the blood and peritoneal lavage sam-
ples were prepared, followed by addition of 100 
µL samples to 900 µL saline in a tube. After 
mixing, 100 µL liquid was drawn from the tube 
labeled as tube A and transferred to a centri-
fuge tube containing 900 µL saline, which was 
labeled as tube B. An aliquot of 100 µL liquid 
drawn from tube B, was added to a centrifuge 
tube containing 900 µL saline, which was 
labeled as tube C. Each sample was diluted 

into three tubes according to the method 
described above. The nutrient agar plate con-
taining 4% sterile nutrient agar was used to 
evenly distribute 100 µL of the pre-diluted sam-
ple corresponding to the concentration of the 
nutrient agar plate with the coater. After incu-
bation for 24 h at 37°C, the colony count was 
recorded in each agar plate. Bacterial content 
was estimated in the peripheral blood and peri-
toneal lavage fluid of the experimental mice 
according to the number of bacterial colony 
forming units.

Enzyme-linked immunosorbent assay (ELISA)

The samples (mouse serum or cell superna-
tant) were reasonably diluted, and the standard 
solution was diluted from a high to a low con-
centration gradient. The kit was transferred 
from 4°C, and equilibrated to room tempera-
ture (20-25°C). First, the excess microplate 
strips were removed from the plate frame, fol-
lowed by addition of 100 µL of diluted standard 
or sample to the center of the reaction wells 
before incubation for 40 min at 37°C. The plate 
was washed four to six times and the washing 
buffer was removed. Second, 50 µL of the first 
antibody solution was added and mixed with 
distilled water, and incubated for 20 min at 
37°C. After repeatedly washing as above, 100 
µL of enzyme-labeled antibody working fluid 
(HRP) was added, and incubated for 10 min at 
37°C. Third, the samples were washed again 
four to six times, followed by addition of 100 µL 
of substrate working solution, and incubated 
for 15 min at 37°C in the dark. Finally, a 100 µL 
of stop buffer was added and mixed well. OD 
values were read at 450 nm within 30 min. 
Using the OD value as the ordinate and the 
standard concentration as the abscissa, the 
standard curve was drawn. The sample concen-
tration was determined based on the OD value 
in the standard curve.  

Real-time quantitative polymerase chain reac-
tion (qRT-PCR)

After the mice were sacrificed, unilateral lung 
tissue was obtained immediately and treated 
with 1 mL TRIzol after trituration, followed by 
transfer to room temperature for 5 min. The 
supernatant was obtained after centrifugation 
at 12000 rpm for 5 min at 4°C, and transferred 
to the new non-ribozyme EP tubes. Next, 0.2 
mL of chloroform was added and oscillated for 
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15 s. The upper aqueous phase was trans-
ferred into a new tube after centrifugation at 
12000 rpm for 10 min at 4°C, followed by addi-
tion of 1 volume of 70% alcohol and centrifuga-
tion at 8000 rpm for 5 min at 4°C, and dried at 
room temperature or vacuum for 5-10 min. 
Finally, 50 µL of RNA samples without ribozyme 
were dissolved in water to measure RNA con-
centration and reverse transcription by adding 
a total RNA of 500 ng, 5× PrimeScript RT 
Master Mix 2 µL and complemented with 10 µL 
of water lacking ribozyme. Reaction conditions 
included reverse transcription (3°C, 15 min), 
inactivation of the reverse transcriptase (85°C, 
5 s) and preservation (4°C). Finally, 10 µL of 
SYBR Premix Ex Taq II was added, followed by 
0.8 µL of upstream primer and downstream 
primers, respectively, 0.4 µL of ROX Reference 
Dye II, 2 µL of DNA template and 6 µL of sterile 
distilled water, and mixed uniformly in 96-well 
PCR plates. A PCR plate was inserted into the 
automated PCR instrument (7500 system) 
using the following cycle parameters: initial 
denaturation (Reps: 1; 95°C 30 s), PCR reac-
tion (Reps: 40; 95°C 5 s; 60°C 34 s) and dis-
solved phase.

The PCR primer sequences were:

① β-actin forward primer: AGTGTGACGTTGAC- 
ATCCGT, β-actin reverse primer: GCAGCTCAG-
TAACAGTCCGC; ② IL-6 forward primer: TAG- 
TCCTTCCTACCCCAATTTCC, IL-6 reverse primer: 
TTGGTCCTTAGCCACTCCTTC; ③ IL-1β forward 
primer: GCAACTGTTCCTGAACTCAACT, IL-1β re- 
verse primer: ATCTTTTGGGGTCCGTCAACT; ④ 
TNF-α forward primer: AAGCCTGTAGCCCACG- 
TCGTA, TNF-α reverse primer: GGCACCACTAGT- 
TGGTTGTCTTTG.

Flow cytometry

Detection of the neutrophil number: Peripheral 
blood and peritoneal lavage fluid of mice were 
transferred into the inflow pipes, respectively, 
in aliquots of 100 µL, followed by the addition 
of 2 mL of red blood cell lysis buffer (BD555899), 
vortexed gently and incubated at room temper-
ature for 15 min. The supernatant was discard-
ed after centrifugation at 2000 rpm for 5 min. 
The cells were resuspended in cold PBS buffer 
at a concentration of 1×107/ml. The horizontal 
and vertical axes were set, and each parameter 
was adjusted based on a physical map. 
Neutrophil population data were analyzed by 
Flow Jo VX.

Detection of cellular apoptosis: Spleens in each 
group were extracted and grounded in 200 
mesh, into a single cell suspension. The remain-
ing leukocytes were almost lymphocytes after 
red blood cell lysis, and were stained with 
Annexin V and 7AAD to measure the apoptosis 
using a commercial PE Annexin V Apoptosis 
Detection Kit I (BD559763). The cells were 
washed with ice-cold PBS and resuspended in 
400 µL of binding buffer, and analyzed using a 
FACSCalibur flow cytometer.

Western blot

The lung tissue and peritoneal macrophages 
were lysed in ice-cold RIPA lysis buffer with 1% 
PMSF, and the homogenate was centrifuged at 
12,000× g for 20 min at 4°C. Lysates were col-
lected and the protein concentration was deter-
mined using the Enhanced BCA Protein Assay 
Kit (Beyotime P0010). Equal amounts of pro-
tein were transferred electrophoretically to NC 
membrane using a dry transfer method after 
the protein samples were dissociated by SDS-
polyacrylamide gel. The NC membrane was 
sealed at room temperature for 3 h using BSA 
and incubated with an appropriate amount of 
diluted first antibody at 4°C overnight. The 
membrane was washed three times with the 
washing buffer, followed by the addition of  
secondary antibodies labeled with the appro-
priate alkaline phosphatase, and incubated at 
room temperature for 2 h. The membrane was 
washed three times with TBST, and analyzed 
using an enhanced chemiluminescene (ECL) 
Western blotting detection kit for HRP.

Statistical analysis

All the calculations were performed using 
SPSS13.0 and data charts using Prism 5.0 
(GraphPad Software, USA). Measurement data 
were expressed as mean ± standard deviation 
(Mean ± SD). Statistical values were analyzed 
using one-way ANOVA, and pairwise compari-
son was conducted by SNK test. A P-value 
smaller than 0.05 (two-tailed) was considered 
statistically significant.

Results

Picroside II had a protective effect on mice 
with sepsis

The effect of picroside II on the mortality of 
mice with sepsis is illustrated in Figure 1. The 



Picroside II protects against sepsis

5524	 Am J Transl Res 2016;8(12):5519-5531

mice in the CLP+NS group showed a 10-day 
survival rate of 40%, while the mice in the 
CLP+Picroside II group achieved 60%, indicat-
ing that picroside II treatment significantly 
increased the survival rate in septic mice (60%, 
P < 0.05, Figure 1A).

Picroside II improved the lung injury of mice 
with sepsis, as shown in Figure 2. As is already 
known, lung is the primary target of organ dam-
age in sepsis. The severity of lung injury in 
coagulation/anticoagulation imbalance, coagu-
lation and pulmonary fibrin deposition, injury 

associated with alveolar epithelial cells and 
capillary endothelial cells, resulted in pulmo-
nary interstitial and alveolar edema, and infil-
tration of a large number of inflammatory cells. 
HE staining of multiple inflammatory cells in the 
CLP+NS group showed alveolar infiltration, and 
severe alveolar wall destruction. Picroside II 
treatment decreased the infiltration and atten-
uated the lung injury associated with sepsis 
(Figure 1B). Compared with the sham group, 
the protein content of mice in the CLP+NS 
group was significantly increased, while the 
protein content of the CLP+picroside II mice in 

Figure 2. Picroside II treatment enhanced the ability of septic mice to remove bacteria. (A) Bacterial levels in peri-
toneal lavage fluid of the three groups at 24 h after CLP. (B) Bacterial levels in the peripheral blood of mice (six per 
group). The numbers of neutrophils gated by E3 in peritoneal lavage fluid (C) and peripheral blood (D) 24 h after CLP. 
All the values are expressed as mean ± sd. *, P < 0.05; ns, P > 0.05. All bars represent mean ± sd.
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BALF was significantly lower than in the CLP+NS 
group (Figure 1C).

Picroside II treatment enhanced the antibacte-
rial ability of septic mice

Sepsis is a systemic inflammatory response 
induced by infection. Studies have shown SIRS 

and organ damage following exposure to bacte-
rial endotoxin, with the disease progression 
depending on the ability to clear bacteria. 
Nutrient agarose coating was used to detect 
differences in the number of bacteria in the 
peripheral blood and peritoneal lavage fluid. 
The results indicated that picroside II treatment 
significantly reduced the number of bacteria in 

Figure 3. Picroside II treatment alleviated the inflammatory response in sepsis and enhanced immune function. 
Levels of IL-6 (A), IL-1β (B) and TNF-α (C) in the lung tissue of mice at 24 h after CLP (n = 6). (D) Lymphocytes were 
gated by physical map, and stained with Annexin V (FL2) and 7AAD (FL3). Histograms show rates of viability (E) and 
apoptosis (F) in the three groups. *, P < 0.05; ns, P > 0.05. All bars represent mean ± sd.
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the peritoneal lavage fluid (Figure 2A) and 
peripheral blood (Figure 2B) in mice at 24 h 
after CLP. Compared with the CLP+NS group, 
the picroside group showed a significant de- 
crease in the number of neutrophils in the peri-
toneal lavage fluid (Figure 2C), while the differ-
ence in neutrophil count in the peripheral blood 
was not statistically significant (Figure 2D).

Picroside II treatment alleviated the inflamma-
tory response

Picroside II improved inflammatory response, 
as shown in Figure 3. To explore whether picro-
side II further improved systemic inflammatory 
response and enhanced the bacterial clear-
ance, we determined the IL-6, IL-1β and TNF-α 
levels in the peripheral blood and lung using 
ELISA. The results showed that picroside II 
treatment not only reduced the IL-6, IL-1β and 
TNF-α levels in peripheral blood of mice at 24 h 
after CLP (Table 1), but also reduced the inflam-
matory reaction in the lung (Figure 3A-C).

Picroside II inhibited apoptosis in spleen lym-
phocytes of septic mice and regulated immune 
function. Spleen cells from each of the three 
groups of mice were extracted and stained 
using Annexin V and 7AAD, and lymphocyte 
apoptosis was measured. It showed that apop-
tosis in the CLP+NS group was more serious 
compared with the sham group, while picroside 
II treatment reduced the degree of apoptosis 
and increased cell viability (Figure 3D-F).

Picroside II inhibited the host inflammatory 
response via NF-κB

We extracted total protein of lung tissue in mice 
from each group at 24 h after CLP, and deter-
mined the expression levels of p-NF-κB (p65) 
and IκB-α. We found that picroside II treatment 
reduced the expression of pNF-κB (p65) after 
CLP within 24 h, and enhanced the expression 
of IκB-α (Figure 4A). The mouse peritoneal 

that picroside II significantly reduced the 
expression of p-NF-κB (p65) after LPS stimula-
tion for 30 min, and enhanced the expression 
of IκB-α at the time points indicated (Figure 
4B).

Picroside II inhibited the activation of NLRP3 
inflammasome to reduce inflammatory re-
sponse

NOD-LRRS containing pyrin domain 3 (NLRP3) 
is a members of the NLR (NOD-like receptor) 
family. NLRP3 inflammasome promotes the 
activation of caspase-1, maturation and secre-
tion of IL-1β, and induces the expression and 
activation of a variety of cytokines associated 
with inflammatory cascade to produce immune 
responses. In order to investigate whether pic-
roside II reduced the inflammatory response by 
modifying the activation of NLRP3 inflamma-
some, we isolated and cultured mouse macro-
phages in vitro, and constructed an activation 
model of NLRP3 inflammasome. We divided 
the macrophages into three groups: Group A 
(PBS), Group B (100 ng/mL LPS+1 mM ATP) 
and Group C (200 µg/mL picroside II+100 ng/
mL LPS+1 mM ATP). Cell supernatant was col-
lected from each group after 4 h, and the levels 
of IL-1β and caspase-1 were determined, 
respectively, and compared using ELISA. The 
total cellular protein was extracted after 18 h in 
each group, in which the expression of pro-cas-
pase-1 and caspase-1 were detected and com-
pared using Western blot. The results showed 
that picroside II treatment reduced the levels of 
IL-1β (Figure 5A) and caspase-1 (Figure 5B) in 
the cell supernatant significantly, without alter-
ing the expression of pro-caspase-1, while 
reducing the expression of caspase 1 (Figure 
5C).

Discussion

Currently, sepsis is the principal cause of death 
in the intensive care unit (ICU) [27, 28]. The 

Table 1. Inflammatory cytokines (IL-6, IL-1β, TNF-α) associated 
with the peripheral blood of different groups of mice at 24 h 
after CLP 
Group IL-6 (pg/ml) IL-1β (pg/ml) TNF-α (pg/ml)
Sham 42.53±11.12# 35.61±6.25# 52.67±7.25#

CLP+NS 592.36±94.35* 267.57±21.31* 259.22±22.78*

CLP+Picroside II 289.53±42.94# 123.69±15.28# 169.35±15.82#

Note: *: P < 0.05, vs. sham group; #: P < 0.05, vs. CLP+NS.

macrophages were isolated and 
cultured in vitro, and divided into 
three groups: Group A (PBS), Group 
B (100 ng/mL LPS+PBS), and 
Group C (100 ng/mL LPS+500 µg/
mL picroside II). The total protein 
was extracted from each group at 
0 min, 30 min and 60 min, to deter-
mine the level of p-NF-κB (p65) 
and IκB-α, respectively. We found 
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morbidity and mortality of sepsis remain high, 
despite advances in health care. Xigris, the only 
anti-septic drug approved by USA-FDA, has 

been withdrawn because of undetectable clini-
cal effect [29]. Hence, it is crucial to explore 
effective drugs against sepsis.

Figure 4. Picroside II inhibited the activation of inflammasome NLRP3 to reduce the inflammatory response. The 
expression level of p-NF-κB (p65) and IκB-α in the lung tissue of CLP model at 24 h (A) and at 0, 30, 60 min after 
LPS stimulation (B).

Figure 5. Picroside II inhibited 
the activation of NLRP3 inflam-
masome in peritoneal macro-
phages to reduce the inflamma-
tory response. Secreted IL-1β 
(A) and protein levels (B) in mu-
rine PMs 4 h after stimulation 
with PBS, LPS+ATP, and pic-
roside II+LPS+ATP, measured 
using ELISA; (C) Western blot of 
pro-caspase 1 and caspase-1 
in each group. *, P < 0.05. All 
bars represent mean ± sd.
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Recent studies have shown that active ingredi-
ents such as iridoids play an important role 
against sepsis. Several effective components 
in Chinese medicine have been validated thera-
peutically in animal models of sepsis. Zheng et 
al. have found that geniposide, a type of cyclic 
polyether, has a protective effect in mice with 
sepsis in vitro [8]. Cao et al. found that artean-
nuin, a type of sesquiterpene lactone, alleviat-
ed the inflammatory response and oxidative 
damage in mice with sepsis [30]. Zhang et al. 
found that peoniflorin alleviated acute respira-
tory distress syndrome (ARDS) in patients with 
sepsis [31]. Picroside II has been validated for 
its anti-inflammatory, anti-oxidative and anti-
apoptotic effects [32]. However, its anti-bacte-
rial role in sepsis was not clear until now. CLP 
model is closely related to human models of 
sepsis induced by multiple pathogens, and is 
regarded as the gold standard for study of sep-
sis [33, 34]. 

Therefore, this study was based on the CLP 
model to explore the effect of picroside II on 
immune function in mice with sepsis. The 
results showed that picroside II increased the 
survival rate and reduced the degree of lung 
injury in mice of CLP model. Meanwhile, picro-
side II improved the immune function in mice 
with sepsis partially. The ability of peripheral 
blood and peritoneal cavity to clear bacteria is 
enhanced in septic mice. The excessive inflam-
matory responses were inhibited in mice with 
sepsis, including the release of inflammatory 
factors IL-6, IL-1β and TNF-α, and inhibition of 
chemotaxis and neutrophil infiltration in the 
peritoneal cavity, along with apoptosis in spleen 
lymphocytes. It may be associated with the 
activation of NF-κB and NLRP3 inflammasome, 
which are inhibited by picroside II. 

A number of studies have shown that picroside 
II is a strong antioxidant and anti-inflammatory 
compound. For instance, picroside II exerted a 
a protective effect on mice in multiple ischemia 
reperfusion model. Further, it reduced the air-
way inflammation, inhibited bronchoconstric-
tion, and exhibited anti-inflammatory and anti-
asthmatic effects in asthmatic rats [35]. A few 
studies indicated that picroside II reduced the 
production of oxygen free radicals and repaired 
the cell membrane damage [36]. Wang T et al. 
found that picroside II reduced neutrophil infil-
tration in acute lung injury via TGF-β signaling 

pathway [37]. Wang L et al. found that picroside 
II downregulated the TLR4 and NF-κB signal 
transduction pathway and decreased the 
release of proinflammatory factors to prevent 
ischemia-reperfusion injury of mouse kidney 
[13].

Several results of this study were consistent 
with published studies. For example, picroside 
II injected into mouse tail vein decreased neu-
trophil infiltration in the peritoneal cavity of 
mice with sepsis, inhibited the activation of 
NF-κB, reduced the release of proinflammatory 
factors, and alleviated the degree of lung injury. 
The NLRs family of functional and structural 
pattern recognition receptor (PRRs) includes 
NOD1, NOD2 and NLRP3, which are similar to 
those of TLRs. NOD1 recognizes the compo-
nents of the gram-negative bacteria cell wall. 
NOD2 binds to MDP, which is the degradation 
product of gram-positive and gram-negative 
bacteria, activates NF-κB and promotes cyto-
kine expression including IL-1 and IL-18 by 
RIP2. During sepsis, pathogen-associated mo- 
lecular patterns and risk-associated molecular 
patterns activated NLRP3 and caspase-1 to 
regulate the release of inflammatory cytokines 
such as IL18 and IL-1β, aggravating the inflam-
matory response [38]. This study showed that 
picroside II treatment inhibited the activation of 
NLRP3 in the peritoneal macrophages in vitro, 
which is consistent with amelioration of SIRS by 
picroside II.

Studies show that geniposide directly neutral-
ized LPS in a dose-dependent manner in vitro, 
and reduced the level of LPS in the blood of the 
mouse model [8]. Picroside II enhances the 
ability of peripheral blood and peritoneal cavity 
to remove bacteria in septic mice probably by a 
similar mechanism.

Lymphocyte apoptosis may be one of the key 
factors underlying secondary immune suppres-
sion in sepsis, and may represent a marker of 
sepsis [39]. It plays a significant role in the 
pathophysiology of sepsis [40]. Studies using 
drugs to reduce lymphocyte apoptosis in mice 
with sepsis improved the survival rate [41]. Our 
study found that picroside II suppressed apop-
tosis in spleen lymphocytes of mice with sep-
sis. A large number of studies support the anti-
apoptotic role of picroside II. For example, 
Deibert CP et al. found that picroside II inhibit-
ed neuronal apoptosis in brain ischemic injury 
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[42]. Wang L et al. showed that picroside II 
treatment decreased the apoptosis in lympho-
cytes of ischemia-reperfusion induced mouse 
renal injury model [43], which is consistent with 
our study.

It is well known that the excessive inflammatory 
response triggered by the pathogens is the 
direct cause of death in patients with sepsis 
[44]. Picroside II is an anti-inflammatory com-
pound, which does not adversely affect host 
defense response. Its unique pharmacological 
mechanism may provide novel insight into the 
treatment of sepsis.

In summary, picroside II reduces the mortality 
of mice with sepsis, improves lung injury, 
decreases the release of proinflammatory fac-
tors and inhibits lymphocyte apoptosis in 
mouse spleen during sepsis. It alleviates the 
systemic inflammatory response triggered by 
sepsis by inhibiting the activation of NF-κB and 
NLRP3 inflammasome. The mouse CLP model 
demonstrates that picroside II exhibits a pro-
tective effect against sepsis.
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