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Corilagin ameliorates the extreme
inflammatory status in sepsis through
TLR4 signaling pathways
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Abstract

Background: Sepsis is one of the serious disorders in clinical practice. Recent studies found toll-like receptors 4
(TLR4) played an important role in sepsis. In this study, we tried to find the influence of Corilagin on TLR4 signal
pathways in vitro and in vivo.

Methods: The cellular and animal models of sepsis were established by LPS and then interfered with Corilagin.
Real-time PCR and western blot were employed to detect the mRNA and protein expressions of TLR4, MyD88, TRIF
and TRAF6. ELISA was used to determine the IL-6 and IL-1β levels in supernatant and serum.

Results: The survival rate was improved in the LPS + Corilagin group, and the mRNA and protein expressions of
TLR4, MyD88, TRIF and TRAF6 were significantly decreased than that in the LPS group both in cellular and animal
models (P < 0.01). The pro-inflammatory cytokines IL-6 and IL-1β were greatly decreased in the LPS + Corilagin
group both in supernatant and serum (P < 0.01).

Conclusions: Corilagin exerts the anti-inflammatory effects by down-regulating the TLR4 signaling molecules to
ameliorate the extreme inflammatory status in sepsis.
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Background
Sepsis is one of the serious complications of trauma,
shock, burns and other critical patients, and can induce
multiple organ dysfunction syndromes (MODS) [1]. The
core mechanism of sepsis is inflammation. During the
process of serious infection, pro-inflammatory cytokines
pour out, leading to systemic inflammation reaction syn-
dromes (SIRS) [2]. Sepsis and SIRS are the different
phases of same pathological process.
Recently, studies found toll-like receptors (TLRs)

played an important role in sepsis, especially in early
stage as producing of pro-inflammatory cytokines [3].
Recognition of pathogens and persistent systemic in-
flammation cascade are linked by TLRs. Thereby,

regulation of TLRs may ameliorates conditions of pro-
gression and prognosis of sepsis [4, 5]. TLR4 is the first
toll-like associated protein found in the human and is
distributed in B/T lymphocytes, macrophages, liver,
spleen and lung [6]. Gram-negative bacterial LPS is
the mainly ligand. As gram-negative bacteria are the
main pathogens in sepsis, in critical patients TLR4 as
the main protein in natural immunity plays a vital
role in activating monocyte-macrophage system, trig-
gering inflammatory cascade, intensifying inflamma-
tion, and resulting in sepsis eventually [7, 8].
TLR4 signals were transduced through MyD88 and

TRIF pathways. The classic MyD88 pathway plays a key
role in production of pro-inflammatory cytokines. TLR4
receives stimulation such as LPS, sharing downstream
molecule TIRAP with TLR2. Then MyD88 is activated
and TRAF6 receives the signal and promotes the pro-
duction of pro-inflammatory cytokines. Additionally,
MAPK and NEMO take part in the generation as well
[9]. Meanwhile, in TRIF pathway TLR4 sharing
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downstream molecule TRAM with TLR3, and then
TRAF6 receives signals to produce pro-inflammatory cy-
tokines. Simultaneously, activated TRAF3 promotes the
type I interferon via IRF3. Thereby, focusing on TLR4
and key molecules in the signaling pathways may help to
find a new way to understand controlling extreme in-
flammatory status in sepsis.
Corilagin (C27H22O18) is identified in several plants

[10]. Our previous studies has found that Corilagin was
effective in anti-inflammation, hepatic protection, anti-
oxidant and anti-viral encephalitis [11–13]. Corilagin
could also ameliorate schistosomiasis-associated liver
fibrosis by in S. japonicum-infected Balb/c mice and
IL-13-induced macrophages and hepatic satellite cells
[14–17]. Based on anti-inflammatory and antibacterial
activity of Corilagin and our experience on inflammation
[18], we would explore the effect of Corilagin to treat
sepsis by interfering with TLR4 signaling pathway.
In this study, we set up the cellular model with

RAW264.7 cells stimulated by LPS and established
sepsis animal model and then administered the models
with Corilagin, hoping to find the exact mechanisms of
Corilagin in ameliorating sepsis by interfering with
TLR4-associated pathways.

Methods
Chemicals and reagents
Trizol reagent, RNAios and Real-time PCR kit were ob-
tained from TaKaRa Company (Dalian, China). Anti-
MyD88, anti-TRAF6, anti-TRIF and anti-TLR4 antibodies
were offered from Abcam Biotechnology (MA, USA). LPS
was taken from Sigma-Aldrich (MO, USA). The immuno-
histochemistry kits and HRP-labeled secondary antibodies
were bought from Boster Biotechnology (Wuhan, China).
The IL-1β and IL-6 ELISA kit were purchased from Dke-
wei Biotechnology (Beijing, China). Corilagin was received
from China National institutes for food and drug control.

Cell administration
RAW264.7 cells were bought from Xiangya Central
Laboratory. The cells were cultured in DMEM medium
containing 10% fetal bovine serum (FBS) in the incuba-
tor at 37 °C, 5% CO2 and saturated humidity. As the
cells grew up to 80%, serum-free DMEM medium was
added for incubation overnight. RAW264.7 cells were di-
vided into three groups, the Corilagin group, model
group and normal group. The Corilagin group was stim-
ulated by LPS (1 mg/ml) for 2 h and then Corilagin
(0.25 mg/ml) was added. The model group incubated
with LPS (1 mg/ml) only. The normal group without any
treatment was as negative control. 24 h later the cells
were harvested for total RNA isolation and proteins

extraction. The cultural supernatants were collected for
ELISA. The procedures were repeated for three times.

Animals and treatment
Thirty male Balb/c mice, weighting 19 ~ 25 g, 6 ~ 8 weeks
old, were purchased from Hubei Provincial Center for
Disease and Prevention. The mice were feed in 22 ~ 25 °C
temperature and 50-60% humidity for one week. Then the
animals were randomly divided into 3 groups, the LPS +
Corilagin group, LPS group and control group, with 10
mice in each group. The LPS + Corilagin group and LPS
group were given LPS 20 mg/kg intraperitoneally. The
LPS + Corilagin group was given Corilagin (40 mg/kg)
orally after LPS administration, and the LPS group was
administrated with equivalent volume of saline. The con-
trol group was given normal saline intraperitoneally and
orally instead of LPS and Corilagin. 12 h later, all the mice
were sacrificed after anesthetized by the 10% chloral
hydrate. The liver tissues were stored in a refrigerator of
minus −80 °C for total RNA extraction and western-blot
testing. All animal study protocols were approved by the
Ethics Committee of Huazhong University of Science and
Technology [19].

Histological examination
The liver, colon, lung, brain and kidney tissues were
fixed in 4% formalin and embedded in paraffin. Four mi-
crometers serial sections were obtained for haematoxylin
and eosin (HE) staining to observe the liver pathological
changes. The procedure was referenced by our past
experiment [20, 21].

Total RNA isolation and quantitative real-time PCR
The procedure abided by our past experiment [22]. Total
RNA was isolated from the liver tissues by using RNAiso
Plus (Takara, Dalian, China), and reverse transcription
was performed following the protocol of kit (TaKaRa
Primescript RT Master Mix Perfect Real Time. Code:
DRR036S). Then the samples were incubated at 37 °C
for 15 min and at 85 °C for 5 s. After the template
cDNA was synthesized the amplification steps were
followed with the instruction of kit (TaKaRa SYBR Premix
Ex Taq, Code: DRR041S) and the reaction conditions
were 95 °C 30 s; 95 °C 5 s, 60 °C 30 s, 40 cycles;
95 °C 15 s, 60 °C 1 min, 95 °C 15 s. The results were
analyzed by using 2-△△CT method. GAPDH was used
as the internal control. The procedure were repeated
for three times. All the primers for quantitative real-
time PCR included as follows.
GAPDH-forward,5’-TGTGTCCGTCGTGGATCTGA-3’,
GAPDH-reverse, 5’-CCTGCTTCACCACCTTCTTGA-3’,
TLR4-forward, 5’-CTCTGGGGAGGCACATCTT -3’
TLR4-reverse, 5’-CTGCTGTTTGCTCAGGATTC -3’
MyD88-forward, 5’- GCCAGAGTGGAAAGCAGTGT -3’
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MyD88- reverse, 5’- CGTTGGGGCAGTAGCAGATA -3’
TRIF-forward, 5’- GCAGAGTCGGGGTAACAAGA -3’
TRIF-reverse, 5’- CCAGAAGGTGGTGCTCAAATA -3’
TRAF6-forward, 5’- GCCGAAATGGAAGCACAG -3’
TRAF6-reverse, 5’- CAGGGCTATGGATGACAACA -3’

Western blot analysis
The procedure was followed by our past experiment
[23, 24]. The expression of TLR-4 and associated
signaling molecule proteins were detected by western-
blot assay. The cells of liver tissue proteins (50 μg)
from each sample were separated on SDS-PAGE, and
then transferred to nitrocellulose filter membranes
which were blocked overnight with 5% nonfat milk in
TBST. Blots were probed over night at 4 °C with
rabbit polyclonal TLR4 (diluted as 1:500), MyD88 (diluted
as 1:500), TRIF (diluted as 1:500) and TRAF6 (diluted as
1:500) and then were followed by incubated with HRP-
labeled secondary antibody for two hours before being
washed 5–6 times in TBST. After further washing with
TBST, ECL was added to identify the immunoreactive
bands. The densitometry analysis of the immunoreactive
bands was performed using the Fuji ultrasonic-doppler

Fig. 1 The mRNA and protein expression of TLR4, MyD88, TRAF6 and
TRIF in cellular models. a Effect of Corilagin on mRNA expression of
TLR4 and MyD88 in cellular model. b Effect of Corilagin on mRNA
expression of TRAF6 and TRIF in cellular model.※p < 0.01 compared
with the control group. #p < 0.01 compared with the LPS group.
c Effect of corilagin on TLR4, MyD88, TRIF and TRAF6 protein
expression in cellular model. Western blot assay showed the TLR4,
MyD88, TRIF and TRAF6 proteins expression were greatly increased in
LPS group, while in the Corilagin + LPS groups, the proteins were
decreased compared with that in the LPS group

Fig. 2 Effect of Corilagin on expression of IL-1β, IL-6 in cell supernatants.
Effect of Corilagin on expression of IL-1β, IL-6 in cell supernatants.
※p < 0.01 compared with the control group. #p < 0.01 compared
with the LPS group
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velocity profile (UVP) system and Image J program. The
procedure was repeated for three times.

Detection of IL-1β and IL-6 expression by ELISA
The procedure abided by our past experiment [25]. The
expressions of IL-1β and IL-6 in cell supernatants and
mice serum were tested by ELISA. Prepare all reagents
before starting assay procedure. All standards and samples
were added in 5 duplicates. For setting standard wells, the
standard was diluted to 1000 pg/ml, 500 pg/ml, 250 pg/ml,
125 pg/ml, 62.5 pg/ml, 31.25 pg/ml, 15.625 pg/ml, 0 pg/ml
in standard wells. Then the 100ul samples were added to
testing well and 50ul of biotinylated antibody (1:100) were
added to each well. By covering with an adhesive strip and
the plate was incubated for 90 min at 37 °C. Then each
well was washed for 4 times, and each well was added with
100ul diluted streptavidin-HRP (1:100) and incubated for
30 min at 37 °C. After repeating the washing process,
100ul TMB was added to each well and the plate was incu-
bated for 10 min at 37 °C before the stop solution was
added. The standard curve was generated by plotting the
average 50 nm OD.

Statistical analysis
The statistics were expressed as the means ± SE. Com-
parisons between groups were performed with one-way
ANOVA test and Student’s t-test. All data were analyzed
by using SPSS12.0 statistic software. P < 0.05 was regard
as statistically significant difference [26].

Results
Effect of Corilagin on mRNA expression of TLR4,
MyD88, TRIF and TRAF6 in cellular model
In the LPS group the mRNA levels of TLR4, MyD88,

TRIF and TRAF6 were significantly increased when com-
pared with the control group (p < 0.01). With Corilagin
intervention, the gene expression of TLR4, MyD88, TRIF
and TRAF6 were significantly reduced when compared
with Corilagin + LPS group (p < 0.01) (Fig. 1a and b).

Effect of Corilagin on protein expression of TLR4, MyD88,
TRIF and TRAF6 in cellular model
Western-blotting assay was employed to test the changes
of TLR4, MyD88, TRIF and TRAF6 proteins (Fig. 1c).
The proteins were greatly increased in LPS group when
compared with the control group, while in Corilagin +
LPS groups the proteins were decreased when compared
with the LPS group.

Effect of Corilagin on expression of IL-1β, IL-6 in cell
supernatants
The expression of IL-1β and IL-6 in cell supernatants
was tested by ELISA. In the LPS group the IL-1β, IL-6
levels were significantly increased when compared with
the control group (p < 0.01). With Corilagin interven-
tion, IL-1β, IL-6 expression were significantly reduced
when compared with the LPS group (p < 0.01) (Fig. 2).

Effect of Corilagin on survival rate in animal model
Mice survival rate in LPS + Corilagin group was much
higher than that in LPS group. (Fig. 3).
Effect of Corilagin on mRNA expression of TLR4,

MyD88, TRIF and TRAF6 in animal model
In the LPS group the mRNA levels of TLR4, MyD88,

TRIF and TRAF6 were significantly increased when com-
pared with the control group (p < 0.01). With Corilagin
intervention, the gene expression of TLR4, MyD88, TRIF
and TRAF6 were significantly reduced when compared
with the LPS group (p < 0.01) (Fig. 4a and b).

Effect of Corilagin on protein expression of TLR4, MyD88,
TRIF and TRAF6 in animal model
Western-blot assay was employed to test the changes of
TLR4, MyD88, TRIF and TRAF6 proteins in the liver
(Fig. 4C). The proteins were greatly increased in LPS
group when compared with the control group, while in
LPS + Corilagin groups the proteins were decreased
when compared with the LPS group.

Fig. 3 The overall survival of the mice. Within 12 h, mice survival in Corilagin + LPS group was much higher than in LPS group
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Effect of Corilagin on expression of IL-1β, IL-6 in mice
serum
The expression of IL-1β and IL-6 in mouse serum was
tested by ELISA. In the LPS group the IL-1β, IL-6 levels
were significantly increased when compared with the
control group (p < 0.01). With Corilagin intervention,
IL-1β, IL-6 expression were significantly reduced when
compared with the LPS group (p < 0.01) (Fig. 5).

Effect of Corilagin on liver histopathology
Pathological changes have been observed in the liver,
colon, lung, brain and kidney tissues. In the liver, patho-
logical changes were not typical. In lung and brain, inter-
stitial cells showed obvious edema. There were no obvious
changes in colon and kidney (Fig. 6).

Discussion
As important pattern recognition receptors (PPRs), TLRs
play a pivotal role in innate immunity. TLRs identify a var-
iety of pathogen-associated molecular patterns (PAMPs)
or danger-associated molecular patterns (DAMPs), includ-
ing teichoic acid, LPS, peptidoglycan etc. [27]. TLRs
express on sorts of immune cells such as macrophages,
master cells, monocytes, neutrophils, eosinophils, and so

Fig. 4 The mRNA and protein expression TLR4, TRAF6, MyD88 and
TRIF in animal models. a Effect of Corilagin on mRNA expression of
TLR4 and TRAF6 in animal model. b Effect of Corilagin on mRNA
expression of MyD88 and TRIF in animal model. ※p < 0.01
compared with the control group. #p < 0.01 compared with the LPS
group. c Effect of corilagin on TLR4, MyD88, TRIF and TRAF6 protein
expression in animal model. Western blot assay showed the TLR4,
MyD88, TRIF and TRAF6 proteins expression were greatly increased
in LPS group, with Corilagin intervention, the proteins were
decreased compared with that in the LPS group

Fig. 5 Effect of Corilagin on expression of IL-1β, IL-6 in mouse
serum. Effect of Corilagin on expression of IL-1β, IL-6 in mouse
serum. ※p < 0.01 compared with the control group. #p < 0.01
compared with the LPS group
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on. As an important molecule of acquired immune, TLR4
activates mononuclear phagocyte system, leading to a cas-
cade of inflammation through MyD88 and TRIF pathways
resulting in SIRS and sepsis eventually [28]. Therefore,

regulating the TLR4 signaling pathways has become an
important therapeutic target in sepsis [5].
Currently, medications for TLR4 were explored in labs

and preclinical researches. TLR4 antagonist Eritoran

Fig. 6 Pathological changes have been observed. a LPS + Corilagin group; b LPS group; c Control group. In the liver, pathological changes were
not obvious. In lung and brain, interstitial cells showed obvious edema. There was no obvious changes in colon and kidney
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have been used in experimental study and the efficacy
and safety of Eritoran for clinical use are under further
evaluation [29]. An anti-TLR4/MD2 monoclonal anti-
body could decrease lethality in the process of sepsis
caused by implantation of a stent in mice [30]. Studies
also have shown that blocking TLR2 or TLR4 resulted in
decreasing disease severity in sepsis [31]. In our study,
we evaluated the therapeutic potential of Corilagin in
sepsis with hope to find a new way to control the ex-
treme inflammatory status of sepsis.
MyD88 and TRIF pathways are the downstream mole-

cules of TLR4. MyD88 pathway is the classical pathway,
inducing production of pro-inflammatory cytokines.
TRIF pathway produces pro-inflammatory cytokines and
type I interferon simultaneously [32]. In our study, we
looked forward to finding whether Corilagin contains
the anti-inflammatory ability and which way it works.
Therefore we selected key signaling molecules TLR-4,
MyD88, TRAF6 and TRIF to evaluate the effect of
Corilagin in TLR4 signaling pathway.
TLR4 signal can be beneficial in pathogen removing at

early stage, but subsequent cascade release of pro-
inflammatory cytokines may cause lethal effects [33]. In
our study, with Corilagin intervention the expression of
TLR4 were greatly decreased in the inflammatory phase,
resulting in lowered expression of downstream mole-
cules MyD88, TRAF6, TRIF and inflammatory cytokines
IL-1β and IL-6.
TLR4 sharing with TRL2 downstream molecules TIRAP,

and then the signal activated MyD88. As the important
downstream molecular of MyD88, TRAF6 expression was
reduced in the study. Furthermore, TLR4 sharing TRIF
signaling pathway with TLR3, which can also activates
TRAF6 in producing pro-inflammatory cytokines. Corila-
gin showed the capability in down-regulating TRAF6 and
TRIF signaling pathway in extreme inflammation status,
which demonstrated that Corialgin might have the poten-
tial to control outbreak of inflammatory cascade in sepsis.
IL-1β is mainly generated by monocytes. It promotes

the production of NO, and then aggregates the inflamma-
tory chemokines and adhesion molecules to expand the
inflammatory response. IL-6 also is a monocyte-derived
cytokine, as an important acute phase reaction medium in
promoting inflammation [34]. In our study, Corilagin re-
duced the production both in vitro and in vivo, indicating
Corilagin possessed the anti-inflammatory capability.

Conclusion
In our study, Corilagin showed capability of inhibiting the
expression of TLR4 signaling molecules in both MyD88
and TRIF signaling pathways, which demonstrated that
Corilagin might be a potential agent to rescue the patients
from extreme inflammatory status in sepsis.

Acknowledgements
The study is funded by China National Natural Science Fund. (Grant No.
81,371,840 and 30,901,248).

Availability of data and materials
The datasets supporting the conclusions of this article are included within
the article.

Authors’ contributions
HRL and LJ carried out the experiments; SLZ contributed to statistical
analysis; TL and FW carried out the cell culture; JHD and YJG performed
the animal preparation; HRL wrote the manuscript. LZ designed the
project and supervised the work and provided the facilities for the
study. All authors read the manuscript and approved the final version.

Competing interests
The authors declare that they have no competing interests in this work.

Consent for publication
“Not applicable” in this section.

Ethics approval and consent to participate
All animal study protocols were approved by the Ethics Committee of
Huazhong University of Science and Technology.

Author details
1Department of Infectious Diseases, Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan 430022, People’s
Republic of China. 2Department of Integrated Traditional Chinese and
Western Medicine, Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan 430022, People’s Republic of
China. 3Department of Intensive Care Unit, Renmin Hospital, Hubei University
of Medicine, Shiyan 442000, People’s Republic of China. 4Department of
Neurology, Union Hospital, Tongji Medical College, Huazhong University of
Science and Technology, Wuhan 430022, People’s Republic of China.
5Department of Neurology, Wuhan General Hospital of Guangzhou Military
Command, Wuhan 430070, People’s Republic of China. 6Central Lab, Union
Hospital, Tongji Medical College, Huazhong University of Science and
Technology, Wuhan 430022, People’s Republic of China.

Received: 17 May 2016 Accepted: 19 December 2016

References
1. Soong J, Soni N. Sepsis: recognition and treatment. Clin Med. 2012;12:276–80.
2. Shubin NJ, Monaghan SF, Ayala A. Anti-inflammatory mechanisms of sepsis.

Contrib Microbiol. 2011;17:108–24.
3. Buchholz BM, Bauer AJ. Membrane TLR signaling mechanisms in the

gastrointestinal tract during sepsis. Neurogastroenterol Motil. 2010;22:232–45.
4. Wood KA, Angus DC. Pharmacoeconomic implications of new therapies in

sepsis. Pharmacoeconomics. 2004;22:895–906.
5. Medzhitov R. Toll-like receptors and innate immunity. Nat Rev Immunol.

2001;1:135–45.
6. Knapp S. Update on the role of toll-like receptors during bacterial infections

and sepsis. Wien Med Wochenschr. 2010;160:107–11.
7. Khanna AK, Meher S, Prakash S, Tiwary SK, Singh U, Srivastava A, et al.

Comparison of Ranson, Glasgow, MOSS, SIRS, BISAP, APACHE-II, CTSI scores,
IL-6, CRP, and procalcitonin in predicting severity, organ failure, pancreatic
necrosis, and mortality in acute pancreatitis. HPB Surg. 2013;2013:367581.

8. Salomao R, Brunialti MK, Rapozo MM, Baggio-Zappia GL, Galanos C,
Freudenverg M. Bacterial sensing, cell signaling, and modulation of the
immune response during sepsis. Shock. 2012;38:227–42.

9. Kawai T, Akira S. The role of pattern-recognition receptors in innate
immunity: update on toll-like receptors. Nat Immunol. 2010;11:373–84.

10. Shiota S, Shimizu M, Sugiyama J, Morita Y, Mizushima T, Tsuchiva T.
Mechanisms of action of corilagin and tellimagrandin I that remarkably
potentiate the activity of beta-lactams against methicillin-resistant
staphylococcus aureus. Microbiol Immunol. 2004;48:67–73.

11. Zhao L, Zhang SL, Tao JY, Pang R, Jin F, Guo YJ, et al. Preliminary
exploration on anti-inflammatory mechanism of corilagin (beta-1-O-galloyl-

Li et al. BMC Complementary and Alternative Medicine  (2017) 17:18 Page 7 of 8



3,6-(R)-hexahydroxydiphenoyl-D-glucose) in vitro. Int Immunopharmacol.
2008;8:1059–64.

12. Guo YJ, Zhao L, Li XF, Mei YW, Zhang SL, Tao JY, et al. Effect of corilagin on
anti-inflammation in HSV-1 encephalitis and HSV-1 infected microglias.
Eur J Pharmacol. 2010;635:79–86.

13. Li N, Luo M, Fu YI, Zu YG, Wang W, Zhang L, et al. Effect of corilagin on
membrane permeability of escherichia coli, staphylococcus aureus and
Candida albicans. Phytother Res. 2013;27:1517–23.

14. Huang YF, Zhang SL, Jin F, Cheng D, Zhou YP, Li HR, et al. Activity of
corilagin on post-parasiticide liver fibrosis in schistosomiasis animal model.
Int J Immunopathol Pharmacol. 2013;26:85–92.

15. Li HR, Li G, Li M, Zhang SL, Wang H, Luo T, Wu F, Dong JH, Guo YJ, Zhao L.
Corilagin ameliorates schistosomiasis hepatic fibrosis through regulating IL-13
associated signal pathway in vitro and in vivo. Parasitology. 2016;143:1629–38.

16. Du P, Ma Q, Zhu ZD, Li G, Wang Y, Li QQ, Chen YF, Shang ZZ, Zhang J,
Zhao L. Mechanism of corilagin interference with IL-13/STAT6 signaling
pathways in hepatic alternative activation macrophages in schistosomiasis-
induced liver fibrosis in mouse model. Eur J Pharmacol. 2016;793:119–26.

17. Wang Y, Yang F, Xue J, Zhou X, Luo L, Ma Q, Chen YF, Zhang J, Zhang SL,
Zhao L. Anti-schistosomiasis liver fibrosis effects of chlorogenic acid through
IL-13/miR-21/Smad7 signaling interactions in vivo and in vitro. Antimicrob
Agents Chemother. 2017;61:e01347–16. https://doi.org/10.1128/AAC.01347-16.

18. Dang YP, Chen YF, Li YQ, Zhao L. Developments of anticoagulants and new
agents with anti-coagulant effects in Deep Vein Thrombosis. Mini Rev Med
Chem. 2016 Jun 8. [Epub ahead of print] doi: 10.2174/1389557516666160
609083649

19. Jin F, Cheng D, Tao JY, Pang R, Guo YJ, Ye P, et al. Anti-inflammatory and
anti-oxidative effects of corilagin in a rat model of acute cholestasis. BMC
Gastroenterol. 2013;13:79.

20. Jin F, Zhang R, Feng S, Yuan CT, Zhang RY, Han GK, et al. Pathological
features of transplanted tumor established by CD133 positive TJ905
glioblastoma stem-like cells. Cancer Cell Int. 2015;15:60.

21. Zhou YP, Cheng D, Zhang SL, Li HR, Tang ZM, Xue J, et al. Preliminary
exploration on anti-fibrosis effect of kaempferol in mice with japonicum
Schistosoma infection. Eur J Inflamm. 2013;11(1):161–8.

22. Guo YJ, Luo T, Wu F, Liu H, Li HR, Mei YW, et al. Corilagin protects against
HSV1 encephalitis through inhibiting the TLR2 signaling pathways In vivo
and In vitro. Mol Neurobiol. 2015;52:1547–60.

23. Yang F, Wang Y, Xue J, Ma Q, Zhang J, Chen YF, et al. Effect of corilagin on
miR-21/smad7/ERK signal pathway in schistosomiasis-induced hepatic
fibrosis in mouse model. Parasitol Int. 2016;65(4):308–15.

24. Ding Y, Xiong XL, Zhou LS, Yan SQ, Qin H, Li HR, Zhang LL, Chen P, Yao C,
Jiang ZX, Zhao L. Preliminary study on emodin alleviating alpha-
naphthylisothiocyanate-induced intrahepatic cholestasis by regulation of liver
farnesoid X receptor pathway. Int J Immunopathol Pharmacol. 2016;29:805–11.

25. Guo YJ, Luo T, Wu F, Mei YW, Peng J, Liu H, et al. Involvement of TLR2 and
TLR9 in the anti-inflammatory effects of chlorogenic acid in HSV-1-infected
microglia. Life Sci. 2015;127:12–8.

26. Ding Y, Li G, Xiong LJ, Yin W, Liu J, Liu F, et al. Profiles of responses of
immunological factors to different subtypes of Kawasaki disease. BMC
Musculoskelet Disord. 2015;16:315.

27. Peri F, Piazza M, Calavrese V, Damore G, Cighetti R. Exploring the LPS/TLR4
signal pathway with small molecules. Biochem Soc Trans. 2010;38:1390–5.

28. Lucas K, Maes M. Role of the toll like receptor (TLR) radical cycle in chronic
inflammation: possible treatments targeting the TLR4 pathway. Mol
Neurobiol. 2013;48(1):190–204.

29. Tidswell M, LaRosa SP. Toll-like receptor-4 antagonist eritoran tetrasodium
for severe sepsis. Expert Rev Anti Infect Ther. 2011;9:507–20.

30. Daubeuf B, Mathison J, Spiller S, Hugues S, Ferlin W, Kosco-Vilbois M, et al.
TLR4/MD-2 monoclonal antibody therapy affords protection in experimental
models of septic shock. J Immunol. 2007;179:6107–14.

31. Williams DL, Ha T, Li C, Kalbfleisch JH, Schweitzer J, Vogt W, Browder IW.
Modulation of tissue toll-like receptor 2 and 4 during the early phases of
polymicrobial sepsis correlates with mortality. Crit Care Med. 2003;31:1808–18.

32. Gandhapudi SK, Chilton PM, Mitchell TC. TRIF is required for TLR4 mediated
adjuvant effects on T cell clonal expansion. PLoS One. 2013;8:e56855.

33. Ishii KJ, Akira S. Toll-like receptors and sepsis. Curr Infect Dis Rep. 2004;6:361–6.
34. Accardo Palumbo A, Forte GI, Pileri D, Vaccarino L, Conte F, D’Amelio L, et

al. Analysis of IL-6, IL-10 and IL-17 genetic polymorphisms as risk factors for
sepsis development in burned patients. Burns. 2012;38:208–13.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Li et al. BMC Complementary and Alternative Medicine  (2017) 17:18 Page 8 of 8

https://doi.org/10.1128/AAC.01347-16
http://dx.doi.org/10.2174/1389557516666160609083649
http://dx.doi.org/10.2174/1389557516666160609083649

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Chemicals and reagents
	Cell administration
	Animals and treatment
	Histological examination
	Total RNA isolation and quantitative real-time PCR
	Western blot analysis
	Detection of IL-1β and IL-6 expression by ELISA
	Statistical analysis

	Results
	Effect of Corilagin on protein expression of TLR4, MyD88, TRIF and TRAF6 in cellular model
	Effect of Corilagin on expression of IL-1β, IL-6 in cell supernatants
	Effect of Corilagin on survival rate in animal model
	Effect of Corilagin on protein expression of TLR4, MyD88, TRIF and TRAF6 in animal model
	Effect of Corilagin on expression of IL-1β, IL-6 in mice serum
	Effect of Corilagin on liver histopathology

	Discussion
	Conclusion
	Acknowledgements
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

