
Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journalInformation?journalCode=iphb20

Pharmaceutical Biology

ISSN: 1388-0209 (Print) 1744-5116 (Online) Journal homepage: informahealthcare.com/journals/iphb20

The protective effect of atractylenolide I on
systemic inflammation in the mouse model of
sepsis created by cecal ligation and puncture

Aimin Wang, Zhiming Xiao, Liping Zhou, Juan Zhang, Xiangmin Li & Qingchun
He

To cite this article: Aimin Wang, Zhiming Xiao, Liping Zhou, Juan Zhang, Xiangmin Li &
Qingchun He (2016) The protective effect of atractylenolide I on systemic inflammation in the
mouse model of sepsis created by cecal ligation and puncture, Pharmaceutical Biology, 54:1,
146-150, DOI: 10.3109/13880209.2015.1024330

To link to this article:  https://doi.org/10.3109/13880209.2015.1024330

Published online: 08 Apr 2015.

Submit your article to this journal 

Article views: 1772

View related articles 

View Crossmark data

Citing articles: 10 View citing articles 

https://informahealthcare.com/action/journalInformation?journalCode=iphb20
https://informahealthcare.com/journals/iphb20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.3109/13880209.2015.1024330
https://doi.org/10.3109/13880209.2015.1024330
https://informahealthcare.com/action/authorSubmission?journalCode=iphb20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=iphb20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.3109/13880209.2015.1024330?src=pdf
https://informahealthcare.com/doi/mlt/10.3109/13880209.2015.1024330?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.3109/13880209.2015.1024330&domain=pdf&date_stamp=08 Apr 2015
http://crossmark.crossref.org/dialog/?doi=10.3109/13880209.2015.1024330&domain=pdf&date_stamp=08 Apr 2015
https://informahealthcare.com/doi/citedby/10.3109/13880209.2015.1024330?src=pdf
https://informahealthcare.com/doi/citedby/10.3109/13880209.2015.1024330?src=pdf


http://informahealthcare.com/phb
ISSN 1388-0209 print/ISSN 1744-5116 online

Editor-in-Chief: John M. Pezzuto
Pharm Biol, 2016; 54(1): 146–150

! 2015 Informa Healthcare USA, Inc. DOI: 10.3109/13880209.2015.1024330

ORIGINAL ARTICLE

The protective effect of atractylenolide I on systemic inflammation in
the mouse model of sepsis created by cecal ligation and puncture

Aimin Wang1*, Zhiming Xiao2*, Liping Zhou1, Juan Zhang1, Xiangmin Li1, and Qingchun He1

1Department of Emergency, Xiangya Hospital, Central South University, Changsha, Hunan, China and 2Department of Gastroenterology,

The Third Hospital of Xiangya, Central South University, Changsha, Hunan, China

Abstract

Context: Atractylenolide I (AT-I), an active compound isolated from Atractylodes macrocephala
Koidz (Compositae), shows several pharmacological activities.
Objective: Our present study is designed to investigate the protective effect of AT-I on systemic
inflammation in the mouse model of sepsis created by cecal ligation and puncture (CLP), and
explore the possible mechanism.
Materials and methods: Sepsis mouse model was established by CLP, and the tested dosages of
AT-I were 10, 20, and 40 mg/kg (ip). Pro-inflammatory cytokines in serum (TNF-a, IL-1b and IL-6)
were determined by the ELISA method; serum lipopolysaccharide (LPS) level was measured by
the Limulus Amebocyte Lysate (LAL) test; white blood cells (WBC) were counted by Blood cell
analyzer; contents of alanine transaminase (ALT), aspartate transarninase (AST), creatinine (Cre),
and blood urea nitrogen (BUN) in serum were determined by automatic biochemistry analyzer.
For survival rate tests, CLP mice were observed within 7 days, and body temperature was
measured at 0, 4, 8, 12, 24, 48 and 72 h after surgery.
Results: Our results indicated that AT-I significantly increased the survival rate of mice with
sepsis (p50.05), whereas the WBCs and levels of LPS, pro-inflammatory cytokines (TNF-a, IL-1b
and IL-6), ALT, AST, Cre, and BUN decreased significantly after treatment with AT-I (p50.05).
Conclusion: In conclusion, the AT-I ameliorates sepsis syndrome by reduction of pro-
inflammatory cytokines and LPS, and provides an improvement in liver and kidney functions.
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Introduction

Sepsis, defined as systemic host response to microorganisms,

is related to severe infections characterized by the Systemic

Inflammatory Response Syndromes (SIRS), which is a whole

body inflammatory state (Angus, 2008; Martin et al., 2003;

Yang et al., 2013). Various microorganism infections includ-

ing Gram-negative and Gram-positive organisms, viruses and

fungi can result in sepsis (Huttunen & Aittoniemi, 2011).

Furthermore, sepsis is one of the severe clinical syndromes

with high mortality, leading to the associated multiple

organ dysfunction syndromes (MODS) or septic shock

(Venkataraman & Kellum, 2013; Vincent, 2008). Currently,

effective drugs for treating sepsis are lacking, and the current

drugs used for treating sepsis have severe side effects. Thus,

finding novel and reliable therapeutic methods for treating

sepsis or alleviating the syndromes of sepsis is very necessary.

Traditional Chinese medicines (TCM) have been widely

used in folk medicine to treat infection and inflammatory

diseases for thousands of years (Wang et al., 2013). The LPS

and pro-inflammatory cytokines (including TNF-a and IL-6)

have been reported to play an important role in the

development of sepsis, and have also been considered as

potential target points for the treatment of sepsis in the future

(Li et al., 2007; Venkataraman & Kellum, 2013). To obtain

the effective plant-derived agents for the treatment of sepsis,

we have screened many TCMs or compounds used as anti-

inflammatory or anti-infectious drugs in folk medicine in our

preliminary experiment in vitro. Interestingly, we have found

that atractylenolide I (AT-I) showed a good neutralization

effect on LPS and inhibitory effects against TNF-a and IL-6.

AT-I is one of the major active components of Atractylodes

macrocephala Koidz (Compositae), which is a very important

TCM used for treating digestive disorders and inflammatory

diseases (Bose & Kim, 2013; Dong et al., 2007; Peng et al.,

2011). Previous investigations have reported that AT-I had

wide spectrum pharmacological activities in A. macroce-

phala, including anti-inflammation, antitumor, and antioxi-

dant properties (Endo & Taguchi, 1979; Kang et al., 2011;

Rittirsch et al., 2009). Based on our preliminary experiment,

we aimed to investigate the protective effects of AT-I on

systemic inflammation in a mice model of sepsis created by

CLP and explore its possible mechanism.
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Materials and methods

Materials

Atractylenolide I (AT-I) was purchased from Shanghai

PueOne Biotechnology (Shanghai, China). LPS was pur-

chased from Sigma Chemicals (St. Louis, MO). Mouse

TNF-a, IL-1b, and IL-6 ELISA kits were purchased from

eBioscinence (Sioux Falls, SD). Alanine aminotransferase

(ALT) and aspartate aminotransferase (AST) kits were

purchased from Jiancheng Institute of Biotechnology

(Nanjing, China).

Experimental animals

This study was performed in accordance with the National

Institute of Health’s approved guidelines, and the study

protocols were approved by the Animal Research Ethics

Committee of the Animal Care and Use Committee of the

Central South University. The animals (mice) were housed

between 20 and 22 �C and they were kept on a standard 12 h

light/12 h dark cycle and pellet diet. KM mice (20 ± 2 g),

purchased from the experimental animal centre of the Central

South University (Changsha, China), were used in our study,

and each animal was used only once in the experiment.

Preparation of cecal ligation and puncture model
of mice

The cecal ligation and puncture (CLP) mice were prepared as

described previously with minor modifications (Rittirsch

et al., 2009; Yang et al., 2013). Briefly, mice were given

general anesthesia with pentobarbital sodium (1.5%,

50 mg/kg), and an abdominal midline incision (approximately

1.5 cm) was made under sterile condition. After the cecum

was isolated, it was exteriorized from the left side of the

abdomen, ligate midpiece of the cecum. Then, the cecum was

punctured with an 18-guage needle, and was returned to

the peritoneal cavity. After relocating the cecum into the

abdominal cavity, the abdominal incision was closed. Mice

from the sham group underwent the same surgical procedures,

but without ligation or puncture. Postoperatively, all the mice

has free access to food and water.

Survival analysis after CLP surgery

For survival analysis, 125 CLP mice were divided randomly

into five groups (n¼ 25) (sham: underwent the same oper-

ation without cecum puncture, and four AT-I-treating doses),

and survival rate of the mice were observed during 7 days

after CLP surgery; additionally, the body temperatures

were measured in rectum at 0, 4, 8, 12, 24, 48, and 72 h

after surgery.

Determination of serum WBC and LPS levels of
CLP mice

Totally 75 mice were used in this investigation; 60 CLP mice

were prepared as per the method described above, and were

randomly divided into the following four groups (n¼ 15):

AT-I treatment groups (0, 10, 20 and 40 mg/kg, ip);

additionally, 15 sham mice were prepared as per the method

mentioned above. After 12 h of CLP surgical operation, all the

mice were sacrificed under anesthesia with sodium pentobar-

bital (40 mg/kg, ip), and the whole blood samples were

collected from the heart. The white blood cells (WBC) were

counted using the Blood cell analyzer (UniCel DxH 800,

Beckman Coulter, Brea, CA). Additionally, the serum sam-

ples were separated by centrifugation (3500� g for 20 min).

The serum lipopolysaccharide (LPS) level was determined

using the Limulus Amebocyte Lysate (LAL) test described

previously (Fu et al., 2008) with an endotoxin detector

(EDS-99, Zhanjiang A&C Biological Ltd, China).

Determination of serum cytokines of CLP mice

Serum samples were separated according to the method des-

cribed above, and were stored at �70 �C until analysis. Serum

levels of TNF-a (Cat. No. 85-BMS607/3), IL-1b (Cat. No.

85-BMS6002), and IL-6 (Cat. No. 85-BMS603/2) were

determined using the ELISA method with the commercial kits.

Determination of liver and kidney function
of CLP mice

An automatic biochemistry analyzer (AU5800, Beckman

Coulter, USA) was used to measure the contents of alanine

transaminase (ALT), aspartate transarninase (AST), creatinine

(Cre), and blood urea nitrogen (BUN) in serum.

Statistical analysis

Data are presented as mean ± SD, and analyzed using the

using SPSS software (SPSS for Windows 18.0, SPSS Inc.,

Chicago, IL). The chi-squared value of the exact test was used

to analyze the significance of mice mortality differences

among the groups. All other differences in means between

two groups were analyzed with two-tailed Student’s t-test.

Difference with a p value less than 0.05 was considered to be

statistically significant.

Results

Effect of AT-I on survival of mice after CLP surgery

All mice in the control group (0 mg/kg) died with 4 days after

CLP surgery. However, in the AT-I treatment group (10, 20,

and 40 mg/kg), the survival rate of the mice significantly

increased in a dose-dependent manner (p50.05, p50.01,

p50.01, respectively) (Figure 1). In addition, the median

survival time values of the control group, AT-1 treatment

groups (10, 20, 40 mg/kg), and sham group were 1, 1, 2, 7,

and 7 days, respectively. Additionally, in the sham group, no

death was observed within 7 days.

Effect of AT-I on body temperature of CLP-induced
sepsis mice

The effects of AT-I on body temperature in mice with sepsis

are showed in Figure 2. In all groups, the body temperature of

mice with CLP significantly decreased after surgery, and then

the body temperature returned to normal progressively until

the end of our observation period. However, the time to return

to the normal temperature was significantly shorter in groups

treated with AT-I compared with the CLP group (p50.05).
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Effect of AT-I on LPS and WBC level of mice after
CLP surgery

To determine whether AT-I could neutralize serum LPS of

mice after CLP surgery in vivo, the LPS concentration in

serum was measured. In our results, the concentrations

of LPS in sham, control, and AT-I testing groups (10, 20,

and 40 mg/kg) were 0.59 ± 0.26, 12.96 ± 1.82, 8.31 ± 1.43,

5.94 ± 1.08, and 4.29 ± 0.84 EU/mL, respectively

(Figure 3A). LPS level increased sharply after CLP surgery.

However, in the AT-I treatment groups (10, 20, 40 mg/kg), the

LPS levels were significantly decreased in a dose-dependent

manner (p50.05, p50.01, p50.01, respectively), compared

with the control group (0 mg/kg).

Similar to the LPS, the WBC level increased after CLP, but

the WBC level could be significant decreased by treating with

Figure 1. Effect of AT-I on survival of mice
after CLP surgery. Mice were divided into
five groups (n¼ 25): sham, control (0 mg/kg),
AT-I (10, 20, and 40 mg/kg, ip). The mice
were observed for 7 days. Asterisks indicated
significant difference from control group,
*p50.05, **p50.01.

Figure 2. Effect of AT-I on body temperature of CLP mice. Mice were divided into 5 groups (n¼ 25): sham, control (0 mg/kg), AT-I (10, 20, and
40 mg/kg, ip). The mice were observed for 72 hours. Asterisks indicated significant difference from control group, *p50.05, **p50.01.

Figure 3. Effects of AT-I on LPS and WBC
level of mice after CLP surgery. Mice were
divided into five groups (n¼ 15): sham,
control (0 mg/kg), AT-I (10, 20, and
40 mg/kg, ip). Asterisks indicated significant
difference from control group, *p50.05,
**p50.01.
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AT-I at the doses of 20 and 40 mg/kg (p50.05). And, WBC

levels of sham, control, and AT-I testing groups (10, 20, and

40 mg/kg) were 8.86 ± 0.96, 14.67 ± 1.95, 13.05 ± 1.65,

11.65 ± 1.17, and 9.98 ± 0.88 109/L, respectively (Figure 3B).

Effects of AT-I on TNF-a, IL-1b and IL-6 levels after
CLP surgery

Pro-inflammatory cytokines were all increased sharply at 12 h

after CLP surgery in all groups. However, treatment of AT-I

(10, 20, and 40 mg/kg) significantly decreased the levels of

serum TNF-a and IL-6 (p50.05, p50.01, p50.01, respect-

ively) in a dose-dependent manner. In addition, the serum

level of IL-1b can also be decreased by treating with AT-I

(20 and 40 mg/kg) (p50.05 and p50.01) (Table 1).

Effect of AT-I on liver and kidney functions of mice
after CLP surgery

Table 2 shows that the AST and ALT significantly increased

after CLP surgery, but this increase was suppressed by AT-I

(10, 20 and 40 mg/kg) (p50.05, p50.01, p50.01, respect-

ively) in a dose-dependent manner. Similar to AST and ALT,

the Cre and BUN increased following CLP surgery. Treatment

with AT-I (20 and 40 mg/kg) significantly decreased the

contents of serum Cre and BUN (p50.05, p50.01).

Discussion

In previous research, the extracts of A. macrocephala

possessed notable anti-inflammatory and protective effect

on intestinal barrier function against insult of LPS (Bose &

Kim, 2013). However, few related monomers were reported.

To the best of our knowledge, our present investigation is the

first evidence showing that AT-I has significant protective

effect on systemic inflammation in a mice model of sepsis

created by CLP. Our work also indicated that its possible

mechanism is involved in decreasing of the pro-inflammatory

cytokines and protecting the liver and kidney functions.

Natural compounds isolated from plants are very important

resources for discovering novel effective and safe drugs (Li &

Vederas, 2009; Qi et al., 2010; Qiu, 2007). Moreover,

previous investigations have reported many plant-derived

natural constituents that showed significant protective effects

on sepsis (Alkharfy et al., 2011; Fu et al., 2008; Liu et al.,

2009). Previous animal experiments have demonstrated that

the LPS can induce inflammatory response syndrome, leading

to severe pro-inflammatory reaction with subsequent acute

hypotension, multi-organ failure (MOF), and even death

(Davies & Cohen, 2011; Huttunen & Aittoniemi, 2011).

Additionally, it is reported that neutralization or removal LPS

would be a successful approach for the treatment of sepsis

(Cruz et al., 2009; Davies & Cohen, 2011; Setoguchi et al.,

2011). In our present study, our results demonstrated that the

serum LPS can be significantly neutralized by treating with

AT-I in a dose-dependent manner, which indicated that AT-I

might have therapeutic effect on sepsis. In addition, LPS can

induce over-expression of pro-inflammatory cytokines such as

TNF-a, IL-1b, IL-6, leading to sepsis (Davies & Cohen,

2011; Liu et al., 2011). TNF-a is one of the key mediators for

initiating systemic inflammatory response, and IL-1b and

IL-6 are the later cytokines. In addition, the three cytokines

are involved in the activation of cytokine cascade reaction in

sepsis (Ma et al., 2006), and important in the pathogenesis of

septic shock and MOF. Furthermore, in previous investiga-

tions, it is reported that AT-I possessed significant anti-

inflammatory effects both on acute and chronic inflamma-

tions, and the AT-I can significantly inhibit the pro-inflam-

matory cytokines (NO, TNF-a, IL-1b, and IL-6) in the

Freunds complete adjuvant (FCA) in the induced mouse of

the air-pouch model (Li et al., 2007; Wang et al., 2009). In

addition, AT-I can also selectively antagonize the toll-like

receptor 4 (TLR-4) (Li et al., 2006). From our present

investigation, we examined the effect of AT-I on serum

TNF-a, IL-1b and IL-6 of mice after CLP surgery, and the

results revealed that AT-I can significantly decrease the levels

of TNF-a, IL-1b and IL-6 after CLP in a dose-dependent

manner. Additionally, the mice serum WBC level after CLP

surgery can also be decreased by treating with AT-I, which is

another evidence for demonstrating the anti-inflammatory

effect of AT-I in the CLP model.

Liver and kidney are the two target organs susceptible to be

attacked by sepsis, and liver and kidney functions could affect

Table 2. Effect of AT-I on liver and kidney functions of mice after CLP surgery.

Liver function Kidney function

ALT (U/L) AST (U/L) Cre (mmoL/L) BUN (mmoL/L)

Sham 41.98 ± 7.91** 58.99 ± 9.62** 40.58 ± 3.67** 7.12 ± 1.16**
0 mg/kg 253.96 ± 34.64 475.63 ± 58.53 123.96 ± 14.72 21.79 ± 2.81

10 mg/kg 172.31 ± 21.65* 359.85 ± 51.28* 116.31 ± 12.73 16.45 ± 2.48*
20 mg/kg 139.54 ± 15.97** 228.61 ± 43.85** 89.54 ± 12.92* 14.31 ± 1.75**
40 mg/kg 84.29 ± 13.98** 126.42 ± 29.41** 74.29 ± 11.89** 10.62 ± 1.33**

Mice were divided into five groups (n¼ 15): sham, control (0 mg/kg), AT-I (10, 20, and 40 mg/kg, ip). Asterisks indicated significant difference from
control group, *p50.05, **p50.01.

Table 1. Effect of AT-I on TNF-a, IL-1b and IL-6 of mice after CLP
surgery.

TNF-a (pg/mL) IL-6 (pg/mL) IL-1b (pg/mL)

Sham 6.79 ± 2.34** 19.97 ± 3.54** 16.53 ± 3.31**
0 mg/kg 108.96 ± 8.74 974.38 ± 94.35 538.61 ± 74.3
10 mg/kg 83.42 ± 6.32* 752.89 ± 76.72* 493.27 ± 66.36
20 mg/kg 71.07 ± 5.49** 604.45 ± 75.04** 371.73 ± 65.52*
40 mg/kg 54.72 ± 5.41** 479.42 ± 56.02** 318.92 ± 53.13**

Mice were divided into five groups (n¼ 15): sham, control (0 mg/kg),
AT-I (10, 20, and 40 mg/kg, ip). Asterisks indicated significant
difference from control group, *p50.05, **p50.01.
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the development and prognosis of sepsis (Kang & Zhang,

2012; Wang et al., 2011). AST and ALT are two key markers

of liver function, and Cre and BUN are two important indices

of the kidney function. In our present study, our result

indicated that the AT-I had significantly protective effects

on the liver and kidney functions. Furthermore, our present

study also demonstrated that the AT-I can obviously increase

the survival rate in mice with sepsis induced by CLP; and

also decrease the time returned to normal body temperature

after CLP.

In conclusion, the AT-I has significant protective effect on

sepsis mice induced by CLP surgery, and the mechanism

might be related to down-regulation of pro-inflammatory

cytokines, decrease of LPS, and protection of liver and kidney

functions. Our present study suggested that AT-I can be

developed as an effective and safe agent for treating sepsis in

the future.
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