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Emodin alleviates severe acute pancreatitis-associated acute lung
injury by decreasing pre-B-cell colony-enhancing factor expression
and promoting polymorphonuclear neutrophil apoptosis

HONGZHANG CUII’Z, SHU LI°, CAIMING XU*, JINGWEN ZHANG', ZHONGWEI SUN' and HAILONG CHEN!

1Departmerlt of General Surgery, The First Affiliated Hospital of Dalian Medical University, Dalian, Liaoning 116011;

2Departrnent of General Surgery, Affiliated Zhongshan Hospital of Dalian University, Dalian, Liaoning 116001;

3Depa.lrtment of Chinese Medicine, Dalian Municipal Central Hospital, Dalian, Liaoning 116033; 4Department

of Chinese Medicine, Dalian Obstetrics and Gynecology Hospital, Dalian, Liaoning 116083, P.R. China

Received June 24,2016; Accepted April 20, 2017

DOI: 10.3892/mmr.2017.7259

Abstract. The present study aimed to evaluate the protective
effects of emodin on severe acute pancreatitis (SAP)-associated
acute lung injury (ALI), and investigated the possible mecha-
nism involved. SAP was induced in Sprague-Dawley rats by
retrograde infusion of 5% sodium taurocholate (1 ml/kg), after
which, rats were divided into various groups and were admin-
istered emodin, FK866 [a competitive inhibitor of pre-B-cell
colony-enhancing factor (PBEF)] or dexamethasone (DEX).
DEX was used as a positive control. Subsequently, PBEF
expression was detected in polymorphonuclear neutrophils
(PMNp) isolated from rat peripheral blood by reverse tran-
scription-quantitative polymerase chain reaction and western
blotting. In addition, histological alterations, apoptosis in
lung/pancreatic tissues, apoptosis of peripheral blood PMNs
and alterations in the expression of apoptosis-associated
proteins were examined by hematoxylin and eosin staining,
terminal deoxynucleotidyl-transferase-mediated dUTP nick
end labeling assay, Annexin V/propidium iodide (PI) assay
and western blotting, respectively. Serum amylase activity and
wet/dry (W/D) weight ratios were also measured. An in vitro
study was also conducted, in which PMNs were obtained
from normal Sprague-Dawley rats and were incubated with
emodin, FK866 or DEX in the presence of lipopolysac-
charide (LPS). Apoptosis of PMNs and the expression levels
of apoptosis-associated proteins were examined in cultured
PMNs in vitro by Annexin V/PI assay and western blotting,
respectively. The results demonstrated that emodin, FK866
and DEX significantly downregulated PBEF expression in
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peripheral blood PMNs. In addition, emodin, FK866 and DEX
reduced serum amylase activity, decreased lung and pancreas
W/D weight ratios, alleviated lung and pancreatic injuries,
and promoted PMN apoptosis by regulating the expression
of apoptosis-associated proteins: Fas, Fas ligand, B-cell
lymphoma (Bcl)-2-associated X protein, cleaved caspase-3
and Bcl-extra-large. In addition, the in vitro study demon-
strated that emodin, FK866 and DEX significantly reversed
the LPS-induced decrease of apoptosis in PMNs by regulating
the expression of apoptosis-associated proteins. In conclu-
sion, the present study demonstrated that emodin may protect
against SAP-associated ALI by decreasing PBEF expression,
and promoting PMN apoptosis via the mitochondrial and
death receptor apoptotic pathways.

Introduction

Severe acute pancreatitis (SAP) is an acute abdominal disorder
with a mortality rate of 9-24%, which can increase to 47-69%
in SAP patients with multiple organ dysfunction syndromes (1).
In addition, SAP-associated mortality has not exhibited a
marked decrease in recent years (2). The pathogenesis of SAP
remains unclear and the generation of novel therapeutic strate-
gies is required for the treatment of patients with SAP (3.4).
Acute lung injury (ALI) is a common complication of SAP,
which can develop into acute respiratory distress syndrome
(ARDS) (5); ARDS is the leading cause of mortality in patients
with SAP (6). Excessive infiltration of polymorphonuclear
neutrophils (PMNs) into the lungs is the a critical event in the
progression of ALI (7). Neutrophils serve an important role
in the inflammatory response (8), and it has previously been
reported that depletion or inhibition of neutrophils may protect
against tissue injury in pancreatitis (9).

Rheum palmatum is a traditional Chinese herb that is
widely used for the treatment of numerous diseases in China,
including acute pancreatitis (10,11). Emodin is a natural active
component of Rheum palmatum and other Chinese herbs,
including Polygonam cuspidatum, Polygonum multiflorum
and Cassia obtusifolia (12,13). It has previously been reported
that emodin possesses anti-inflammatory, antiatherogenic and
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antitumor activities (14). Emodin has also been widely used in
animal models as a potent agent for the treatment of SAP (15).
Yao et al (16) demonstrated that emodin protects rats against
SAP by inhibiting nuclear factor-kB activity, inflammation
and oxidative stress. Furthermore, Ni ef al (17) reported that
emodin enhances peritoneal macrophage phagocytosis and
elevates intercellular adhesion molecule-3 expression in a
SAP/systemic inflammatory response syndrome rat model.

Pre-B-cell colony-enhancing factor (PBEF), which is also
known as visfatin or nicotinamide phosphoribosyl transferase,
is an extracellular cytokine-like molecule (18). It inhibits
neutrophil apoptosis, serves an important role in inflamma-
tion and primes neutrophil respiratory burst (18,19). PBEF is
elevated in ventilator-induced lung injury and exacerbates ALI
via the induction of neutrophil infiltration, alveolar perme-
ability and oxidative stress (20,21).

The present study aimed to investigate whether emodin
exerted its therapeutic effects by influencing PBEF expres-
sion and PMN apoptosis in SAP-associated ALI in vivo and
in vitro.

Materials and methods

Animals. Male Sprague-Dawley (SD) rats (n=30; age, 8 weeks;
weight, 230-270 g) were obtained from Beijing Vital River
Laboratory Animal Technology Co., Ltd. (Beijing, China).
Rats were housed at a constant room temperature and humidity
(21£2°C; 45-55%) under a 12-h light/dark cycle. The rats had
ad libitum access to food and water. Animal experiments were
approved by the Animal Care and Use Committee of Dalian
Medical University (Dalian, China) and were performed
according to the National Institutes of Health Guidelines for
the Care and Use of Laboratory Animals (22).

Induction of SAP and experimental grouping. The rats were
randomly assigned to the following five groups (n=6 rats/group):
Control group, SAP group, emodin group, FK866 group and
dexamethasone (DEX) group. To induce SAP, the rats were
anesthetized with chloral hydrate (10%, 3.5 ml/kg bodyweight)
and sodium taurocholate solution (5%, 1 ml/kg bodyweight)
was retrogradely injected into the biliary-pancreatic duct. The
control rats were anesthetized in the same manner however,
without the sodium taurocholate solution injection. A total of
3 h after SAP induction, rats in the SAP, emodin, FK866 and
DEX groups were intraperitoneally injected with a single dose
of dimethyl sulfoxide, emodin (10 mg/kg bodyweight; both
Aladdin, Shanghai, China), FK866 (10 mg/kg bodyweight;
MedChem Express, Monmouth Junction, NJ, USA) or DEX
(1 mg/kg bodyweight; Aladdin), respectively. After 24 h,
peripheral blood was obtained, and lung and pancreatic tissues
were excised. The rats were anesthetized with 10% chloral
hydrate, and then sacrificed by exsanguination prior to tissue
excision. Half of the tissues were immediately subjected to
edema examination and the remaining tissues were fixed at
room temperature for 48 h in 10% formaldehyde for hema-
toxylin and eosin (HE), and TUNEL staining.

Isolation of PMNs. A total of 24 h after treatment, the rats
in each group were sacrificed and peripheral blood was
obtained. PMNs were isolated from the peripheral blood using
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Histopaque-1083 (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) according to the manufacturer's protocol and were
immediately used for flow cytometry experiments.

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR). RNA was extracted from PMNs using
the RNApure Total RNA Rapid Extraction kit (BioTeke
Corporation, Beijing, China) according to the manufacturer's
protocol. RNA was then reverse-transcribed into cDNA with
the following reaction system: 1 yg RNA, 1.2 ul RT primer
(Tiangen Biotech Co., Ltd., Beijing, China), 0.75 ul dNTP
(BioTeke Corporation), 4 ul 5X buffer, 0.25 ul RNasin, 1 ul
super M-MLYV reverse transcriptase (BioTeke Corporation)
and sufficient ddH,O to produce a final reaction volume of
20 ul. The following temperature protocol was applied for the
RT reaction: 25°C for 10 min, 42°C for 50 min and 80°C for
5 min. qPCR analysis was performed using the Exicycler™
96 Real-Time qPCR system (Bioneer Corporation, Daejeon,
Korea) and the following reaction system: 1 pl cDNA, 0.5 ul
forward primer, 0.5 ul reverse primer (Sangon Biotech Co.,Ltd.,
Shanghai, China), 10 x1 SYBR GREEN MasterMix (Beijing
Solarbio Science & Technology Co., Ltd., Beijing, China) and
sufficient ddH,O to produce a final reaction volume of 20 pl.
The thermocycling conditions were as follows: 95°C for 10 min,
followed by 40 cycles at 95°C for 10 sec, 60°C for 20 sec and
72°C for 30 sec. The primer sequences were as follows: PBEF,
forward 5'-GATGCCAAATCCCGAAGG-3', reverse 5'-CCC
ACTCCAGCAGTTCATT-3"; and B-actin, forward 5'-GGA
GATTACTGCCCTGGCTCCTAGC-3' and reverse 5'-GGC
CGGACTCATCGTACTCCTGCTT-3'". Relative expression
was determined using the 224 method (23).

Western blotting. The PMNs were lysed in kit lysis buffer
(Whole Cell Lysis Assay kit; Wanleibio, Shenyang, China)
and centrifuged at 10,005 x g for 10 min at 4°C. Total protein
concentration was determined using a bicinchoninic acid kit
(Wanleibio). Equal amounts of protein (40 ug) were separated
by 10 or 13% SDS-PAGE and were transferred onto polyvi-
nylidene fluoride membranes (EMD Millipore, Billerica,
MA, USA). Subsequently, the membranes were blocked
with nonfat milk, followed by incubation with primary
antibodies against PBEF (cat. no. ab45890; 1:500; Abcam,
Cambridge, UK), B-cell lymphoma (Bcl)-extra-large (xL;
cat. no. BA3368; 1:400; Wuhan Boster Biological Technology
Ltd., Wuhan, China), Bcl-2-associated X protein (Bax; cat.
no. BAO315; 1:400, Wuhan Boster Biological Technology
Ltd.), cleaved caspase-3 (cat. no. ab2302; 1:1,000; Abcam),
Fas (cat. no. ab82419; 1:1,000; Abcam) and Fas ligand (L; cat.
no. ab15285; 1:1,000; Abcam) overnight at 4°C. Membranes
were then incubated with horseradish peroxidase-conjugated
secondary antibodies (cat. nos. WLA023 and WLA024;
Wanleibio) at 37°C for 45 min. The bands were visualized by
enhanced chemiluminescence (Wanleibio) and the blots were
semi-quantified using Gel-Pro Analyzer (version 4.0; Media
Cybernetics, Inc., Rockville, MD, USA) (24).

HE staining. The lung and pancreatic tissues that were fixed
in 10% formaldehyde at room temperature for 48 h were
embedded in paraffin and cut into 5-um sections. Subsequently,
the sections were deparaffinized and rehydrated prior to
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Figure 1. Effects of emodin, FK866 and DEX on PBEF expression in PMNs isolated from rat peripheral blood. PMNs were harvested from rat peripheral
blood following various treatments. (A) The mRNA expression levels of PBEF were detected by reverse transcription-quantitative polymerase chain reaction.

(B) Protein expression levels of PBEF were detected by western blotting. Data are presented as the mean + standard deviation.

“P<0.01 compared with the

control group; "P<0.05,"P<0.01 compared with the SAP group. DEX, dexamethasone; PBEF, pre-B-cell colony-enhancing factor; PMN, polymorphonuclear

neutrophils; SAP, severe acute pancreatitis.
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Figure 2. Representative HE-stained sections of lung and pancreatic tissues. (A) Lung and (B) pancreatic tissues were excised from rats in each group following
various treatments and histological alterations were evaluated by HE staining. Scale bar, 100 ym. DEX, dexamethasone; HE, hematoxylin and eosin; SAP,

severe acute pancreatitis.

staining with HE at 37°C (hematoxylin for 5 min and eosin
for 3 min). The stained sections were examined, and images
were captured under a fluorescence microscope (Olympus
Corporation, Tokyo, Japan).

Determination of serum amylase activity. Blood was harvested
and serum was separated by centrifugation at room temperature
and 1,111 x g for 10 min. Subsequently, serum was diluted at
a ratio of 1:10 in normal saline and incubated with pre-heated
substrate buffer containing soluble starch (Sinopharm Chemical
Reagent Co., Ltd., Shanghai, China) at 37°C for 7.5 min, followed
by incubation with 5 mM iodine solution (Sangon Biotech).
Absorbance was measured at 660 nm.

Edema. At 24 h post-treatment, lung and pancreatic samples
were immediately excised and weighed. The samples were
then dried for 72 h, until the weight remained unchanged, and
were then weighed again. The wet/dry (W/D) weight ratio was
subsequently calculated.

Terminal deoxynucleotidyl-transferase (TdT)-mediated
dUTP nick end labeling (TUNEL) assay. DNA fragmentation
was measured by TUNEL assay using an In Situ Cell Death

Detection kit (Roche Diagnostics, Basel, Switzerland) (25).
Briefly, 5-um tissue sections were deparaffinized and rehy-
drated. Endogenous peroxidase activity was blocked with 3%
H,0,. The sections were washed with PBS, followed by incu-
bation with TdT reaction mixture at 37°C for 1 h. Subsequently,
the sections were incubated with converter-POD for 30 min
and then with DAB substrate (Beijing Solarbio Science &
Technology). Images of the stained cells were captured under
a fluorescence microscope (Olympus Corporation).

Cell culture and treatment. PMNs were isolated from the
peripheral blood of rats in the control group (n=6) and were
cultured in vitro in Dulbecco's modified Eagle's medium
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
supplemented with 10% fetal bovine serum (HyClone; GE
Healthcare Life Sciences, Logan, UT, USA) at 37°C in a
5% CO, incubator. PMNs were then treated with emodin
(30 ug/ml), FK866 (10 nM) or DEX (100 nM) for 16 h in the
presence of lipopolysaccharide (LPS; 50 ng/ml; Aladdin).
Untreated PMNs were used as controls.

Annexin V-fluorescein isothiocyanate (FITC)/propidium
iodide (PI) assay. Cell apoptosis was analyzed using an
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Figure 3. Effects of emodin, FK866 and DEX on serum amylase activity and W/D weight ratio. (A) Serum amylase activity was measured; values are expressed

as U/dl. (B) Lung and (C) pancreatic W/D weight ratios. Data are presented as the mean + standard deviation. **

P<0.01 compared with the control group;

"P<0.05, P<0.01 compared with the SAP group. DEX, dexamethasone; SAP, severe acute pancreatitis; W/D, wet/dry.
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Figure 4. Representative TUNEL-stained sections of lung and pancreatic tissues. (A) Lung and (B) pancreatic sections were subjected to TUNEL staining, in
order to detect apoptotic cells. Representative images are shown. Scale bar, 50 ym. DEX, dexamethasone; SAP, severe acute pancreatitis; TUNEL, terminal

deoxynucleotidyl-transferase-mediated dUTP nick end labeling.

Apoptosis Detection kit (Wanleibio). PMNs were harvested
after the indicated treatments, and were resuspended in
binding buffer. Subsequently, Annexin V-FITC and PI were
added to stain the cells. Following a 15-min incubation at
room temperature in the dark, the cells were analyzed by
flow cytometry (Accuri™ C6; BD Biosciences, San Jose, CA,
USA) and the system software (BD Accuri C6 Software; BD
Biosciences, USA).

Statistical analysis. Data are presented as the mean + standard
deviation of three independent repeated experiments. GraphPad
Prism 5 software (GraphPad Software Inc., La Jolla, CA, USA)
was used to analyze statistical differences. The results were
analyzed using one-way analysis of variance with Bonferroni
post hoc test for multiple comparisons. P<0.05 was considered
to indicate a statistically significant difference.

Results

Emodin decreases PBEF expression in PMNs.Following treat-
ment with the indicated reagents; PMNs were isolated from
the peripheral blood of rats in each group. Subsequently, PBEF
expression was detected in PMNs using RT-qPCR and western
blotting. The results indicated that the mRNA (Fig. 1A) and
protein expression levels of PBEF (Fig. 1B) were significantly

higher in the SAP group compared with in the control group.
Conversely, PBEF expression in the emodin, FK866 and DEX
groups was markedly decreased compared with in the SAP

group.

Emodin, FK866 and DEX alleviate SAP-induced histopatho-
logical alterations. The results of histological examination
with HE staining indicated that the lung and pancreatic tissue
structures of the control rats were normal. Following the
induction of SAP, a thickened alveolar septum, edema, hemor-
rhage and infiltration of inflammatory cells were all observed
in the lung tissues (Fig. 2A). In the SAP group, HE staining
of the pancreatic tissues identified pancreatic edema, hemor-
rhage, acinar cell necrosis and inflammatory cell infiltration
(Fig. 2B). Conversely, these histopathological alterations were
alleviated in SAP rats treated with emodin, FK866 and DEX.

Emodin, FK866 and DEX reduce serum amylase activity.
The severity of SAP-associated ALI was confirmed by
measuring serum amylase activity. As presented in Fig. 3A,
serum amylase activity was significantly increased in rats in
the SAP group compared with in the control group. However,
following treatment with emodin, FK866 and DEX, SAP rats
exhibited reduced serum amylase activity compared with in
the untreated SAP rats.
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Figure 5. Effects of emodin, FK866 and DEX on PMN apoptosis in SAP rats. (A) PMN apoptosis was examined by Annexin V/propidium iodide staining and
flow cytometry. (B) Protein expression levels of Fas, FasL, Bax, cleaved caspase-3 and Bcl-xL were detected by western blotting. 3-actin served as an internal
control. Data are presented as the mean + standard deviation. “P<0.01 compared with the control group; “P<0.05, /P<0.01 compared with the SAP group.
Bax, B-cell lymphoma 2-associated X protein; Bcl-xL, B-cell lymphoma-extra-large; DEX, dexamethasone; FasL, Fas ligand; PMN, polymorphonuclear

neutrophils; SAP, severe acute pancreatitis.

Emodin, FK866 and DEX attenuate pulmonary and
pancreatic edema. The degrees of pulmonary and pancreatic
edema were examined by measuring water content. The results
demonstrated that the W/D weight ratios of the lung (Fig. 3B)
and pancreatic tissues (Fig. 3C) in the SAP group were higher
than those in the control group. However, the W/D weight
ratios were markedly decreased following treatment with
emodin, FK866 and DEX compared with in the SAP group.

Emodin, FK866 and DEX inhibit cell apoptosis in the lung
and pancreatic tissues. The present study detected cell apop-
tosis in the lung and pancreatic tissues using TUNEL staining.
The results indicated that the number of apoptotic cells in the
lung (Fig. 4A) and pancreatic tissue sections (Fig. 4B) were
markedly increased following the induction of SAP compared
with in the control group. However, treatment with emodin,
FK866 and DEX markedly decreased the number of apoptotic
cells in the lung and pancreatic tissues compared with in the
SAP group.

Emodin, FK866 and DEX promote PMN apoptosis in vivo.
The present study also examined PMN apoptosis using flow
cytometry. The results demonstrated that rats in the SAP
group (10.28+0.77%) exhibited reduced apoptosis of PMNs
compared with in the control rats (49.01+2.62%) (Fig. 5A).
However, emodin (25.48+4.02%), FK866 (43.2+3.65%) and

DEX treatment (23.72+2.13%) significantly increased cell
apoptosis of PMNs, compared with in the SAP group.

The protein expression levels of cleaved caspase-3,
Bax, Bcl-xL, Fas and FasL were measured by western blot-
ting. The results demonstrated that the expression levels
of Bax, cleaved caspase-3, Fas and FasL in the SAP group
were significantly decreased compared with in the control
group, whereas Bcl-xL expression was increased in the SAP
group (Fig. 5B). Following treatment of the SAP rats with
emodin, FK866 and DEX, the expression levels of Bax,
cleaved caspase-3, Fas and FasL. were markedly increased,
whereas Bcl-xL expression was decreased compared with the
untreated SAP rats.

Emodin, FK866 and DEX induce apoptosis of LPS-treated
PMNs. Flow cytometric analysis indicated that LPS signifi-
cantly inhibited PMN apoptosis compared with the control
group (Fig. 6A). Compared with the LPS group, incubation
with emodin, FK866 and DEX significantly induced PMN
apoptosis and attenuated the anti-apoptotic effects of LPS on
PMNEG.

The expression levels of apoptosis-associated proteins
were detected using western blotting. The results demonstrated
that, following LPS stimulation, the expression levels of Bax,
cleaved caspase-3, Fas and FasL were markedly decreased,
whereas Bcl-xL was increased (Fig. 6B). However, treatment
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Figure 6. Effects of emodin, FK866 and DEX on apoptosis of LPS-stimulated PMNs in vitro. PMNs were isolated from normal rats and cultured in vitro.
Subsequently, PMNs were stimulated with LPS and incubated with emodin, FK866 and DEX for 16 h. (A) Flow cytometric analysis of PMN apoptosis, using
Annexin V/propidium iodide staining. (B) Protein expression levels of Fas, FasL, Bax, cleaved caspase-3 and Bcl-xL were examined by western blotting.
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polymorphonuclear neutrophil.

with emodin, FK866 and DEX markedly elevated Bax, cleaved
caspase-3, Fas and FasL expression in LPS-stimulated PMNss,
and reduced Bcl-xL expression.

Discussion

DEX is a glucocorticoid that is widely used in the treatment
of SAP (26,27). Therefore, in the present study, DEX was used
as a positive control to investigate the therapeutic effects of
emodin on SAP-associated ALI, and the mechanism involved
in vivo and in vitro.

PBEF is a proinflammatory cytokine that is associated
with numerous diseases, including ALI, Leber congenital
amaurosis and rheumatoid arthritis (RA) (28). It is a highly
conserved protein with a molecular weight of 52 kDa (29).
It has previously been reported that PBEF expression is
increased in the synovial fluid and serum of patients with
RA (30). In addition, PBEF may delay neutrophil apoptosis
in experimental and clinical sepsis (31). In the present study,
a rat model of SAP was successfully established using
sodium taurocholate solution. The expression levels of PBEF
were detected in PMNs isolated from rat peripheral blood
by RT-qPCR and western blotting. The results demonstrated
that treatment with emodin and FK866 markedly reduced

the SAP-induced elevation of PBEF expression in PMNs
compared with in the untreated SAP rats. Therefore, it may
be hypothesized that PBEF is involved in the protective
effects of emodin on SAP-associated ALI.

To further confirm this hypothesis, histopathological
alterations, serum amylase activity and edema were analyzed
in SAP-associated ALI. FK866 is a competitive inhibitor
of PBEF, which is widely used (32). Matsuda et al (33)
demonstrated that FK866 protects against ALI in C57BL/6J
mice subjected to intestinal ischemia and reperfusion injury.
Emodin has previously been reported to be effective in SAP
treatment (34); however, the underlying mechanism remains
unclear. The present study indicated that emodin and FK866
significantly ameliorated histopathological alterations induced
by SAP-associated ALI in the lung and pancreatic tissues, as
determined by HE staining. Serum amylase is commonly used
as a biochemical marker of SAP (35); therefore, serum samples
were obtained and serum amylase activity was measured.
The results suggested that emodin and FK866 reduced
SAP-enhanced serum amylase activity. In addition, W/D
weight ratio can be used to evaluate tissue edema, including
in the lung and pancreas (36,37). Alterations in the lung and
pancreas W/D weight ratios were significantly decreased
following treatment with emodin and FK866 in the present



study. These results suggested that emodin may alleviate
histopathological alterations and edema via downregulation
of PBEF.

Takeyama (38) reported that inhibition of apoptosis
attenuates multi-organ injuries in SAP. In the present study,
a TUNEL assay indicated that emodin and FK866 markedly
inhibited SAP-induced apoptosis in the lung and pancreatic
tissues, thus suggesting that emodin may reduce the lung
and pancreatic cell apoptotic rate by downregulating PBEF.
Bcl-2 family members control the mitochondrial pathway
in cancer and other diseases (39), and can be divided into
three sub-families, including proapoptotic proteins (Bcl-2
homologous antagonist/killer and Bax), anti-apoptotic proteins
(BclxL, Bcl-2 and induced myeloid leukemia cell differ-
entiation protein) and BH3-only proteins (Bcl-2-associated
death promoter, BH3 interacting-domain death agonist and
Bcl-2-like protein 11) (40). In the present study, treatment with
emodin and FK866 significantly induced PMN apoptosis,
alongside increases in the expression levels of Bax and cleaved
caspase-3, and a decrease in Bcl-xL expression, in PMNs.
Fas is a member of the tumor necrosis factor (TNF) family
and FasL belongs to the TNF receptor family (41). It is well
known that activation of Fas/FasL signaling leads to cell apop-
tosis (42). Initially, the interaction of Fas with FasL activates
caspase-8 via the Fas-associated death domain protein, which
then activates downstream caspases-3, 6 and 7 (41,43). The
present study demonstrated that the protein expression levels
of Fas and FasL were downregulated in PMNs from the SAP
group. Following treatment with emodin and FK866, Fas and
FasL levels were upregulated. These results suggested that
emodin may promote PMN apoptosis by decreasing PBEF
expression via the mitochondrial and the death receptor apop-
totic pathways.

A previous study reported that delayed apoptosis of PMNs
was observed in ALI lung tissues, which contributed to ALI
development (44). LPS, which is an important risk factor of
ALI is a component of the outer membrane of Gram-negative
bacteria, which can induce inflammation (45). The present
study performed several in vitro studies to verify the results
obtained from the animal studies. Briefly, PMNs were isolated
from normal Sprague-Dawley rats and were cultured in vitro.
PMNs were then exposed to LPS, to simulate ALI, and were
treated with emodin and FK866. The results demonstrated that
emodin and FK866 ameliorated the LPS-induced inhibition
of PMN apoptosis, which was associated with upregulation
of Bax, cleaved caspase-3, Fas and FasL, and downregulation
of Bel-xL. The in vitro and in vivo experiments conducted
in the present study confirmed that PBEF and the mito-
chondrial apoptotic/death receptor pathway were involved in
emodin-mediated PMN apoptosis.

In conclusion, emodin and FK866 significantly decreased
PBEF expression in rat peripheral blood PMNs. The results
of the present study demonstrated that emodin and DEX
exert similar therapeutic effects on SAP-associated ALI.
The protective mechanism underlying the effects of emodin
on SAP-associated ALI may be associated with the down-
regulation of PBEF and the promotion of PMN apoptosis via
activation of mitochondrial and death receptor apoptotic path-
ways. Further studies are required to verify these conclusions
and elucidate the underlying mechanism.
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