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a b s t r a c t  

Fissistigma bracteolatum is widely used in traditional medicine to treat inﬂammatory diseases. However, its active components  and   mechanisms  of  action  remain  unclear.   In   this  study,   (3Z)-6,7-dihydroxy-4-methoxy-
 (
2
)3-(phenylmethylidene)-5-(3-phenylpropanoyl)-1-benzofuran-2(3H)  (bractelactone),  a  novel chalcone from F. bracteolatum, showed potent inhibitory effects against superoxide anion (O• −) production, elastase release, and   CD11b  expression in  formyl-L-methionyl-L-leucyl-L-phenylalanine  (FMLP)-induced human  neutrophils.
• −



However,  bractelactone showed only  weak inhibition of phorbol myristate acetate-caused O2

production

The peak cytosolic calcium concentration ([Ca2+]i) was unaltered by bractelactone in FMLP-induced neutrophils,
but the decay time of [Ca2+]i was signiﬁcantly shortened. In a calcium-free solution, changes in [Ca2+]i caused by the addition of extracellular Ca2+  were inhibited by bractelactone in FMLP-activated cells.  In addition, bractelactone did  not alter the phosphorylation of  p38   MAPK, ERK, JNK, or  AKT or  the concentration of cAMP. These  results suggest that bractelactone selectively inhibits store-operated  calcium entry (SOCE).  In agreement with this concept, bractelactone suppressed sustained [Ca2+]i changes in thapsigargin-activated neu- trophils. Furthermore, bractelactone did not alter FMLP-induced formation of inositol 1,4,5-triphosphate. Taken together, our  results demonstrate that the anti-inﬂammatory effects of bractelactone, an  active ingredient of F. bracteolatum, in human neutrophils are  through the selective inhibition of SOCE.
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Introduction

The genus Fissistigma  (Annonaceae) consists of about 80 species which are  mainly distributed  in  Asia  and   Australia.  Annonaceous plants are  important economic crops  in  Asia. Several  of the  plants are  widely used  in traditional medicine to treat rheumatoid arthritis and  other inﬂammatory diseases (Hwang et  al., 2009a; Zhu  et  al.,
2010). Other  researchers and  ourselves reported that annonaceous


Abbreviations: AC, adenylate cyclase; AKT, protein kinase B; cAMP, cyclic  adenosine
3′,5′-monophosphate; CB, cytochalasin B, bractelactone (3Z)-6,7-dihydroxy-4-methoxy-
3-(phenylmethylidene)-5-(3-phenylpropanoyl)-1-benzofuran-2(3H); FMLP, formyl-L- methionyl-L-leucyl-L-phenylalanine;   GPCR,  G  protein-coupled  receptor;  IP3,   inositol
 (
2
)1,4,5-triphosphate; O• −, superoxide anion; PKA, protein kinase A; LDH, lactate dehydro-
genase; ROS, reactive oxygen species; SOCE, store-operated Ca2+  entry; SOD, superoxide dismutase; WST-1, 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetra- zolium, monosodium salt.
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plants   have    several   bioactive   compounds,   such    as    alkaloids (Schmidt et al., 2010; Thuy et al., 2012), tetrahydrofurans, ﬂavonoids, acetogenins (Aminimoghadamfarouj et  al., 2011; Liaw et  al., 2010; Rodrigues dos  Santos  Lima et al., 2009), and  phenanthrenes (Zhu et al., 2010). F. bracteolatum Chatt  is a climbing shrub, mainly distribut- ed in southern China and  Vietnam. This plant is used  as a traditional medicine for  curing bone  fractures, contusions, and  strains and  for stopping bleeding and  treating inﬂammatory diseases (Deng et  al.,
2002; Lien et al., 2000). Despite these practices, the active  ingredients and  pharmacological mechanisms  of  F. bracteolatum remain  to  be established.
Activated human neutrophils play  a  critical  role  in  a  variety  of acute and  chronic inﬂammatory diseases (Arazna et al., 2013; Mantovani et al., 2011; Nemeth and  Mocsai,  2012; Smith,  1994). In response to speciﬁc stimuli, neutrophils can secrete a myriad of proinﬂammatory mediators and  proteolytic enzymes which are associated with multiple inﬂammatory diseases such  as rheumatoid arthritis  (Cascao et  al.,  2010; Nemeth and  Mocsai,  2012), chronic obstructive pulmonary disease (Blidberg et  al., 2012; Stevens et  al.,
2011),  and   acute  respiratory distress  syndrome  (Grommes and
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Soehnlein, 2011; Narasaraju et al., 2011). Stimulation of neutrophils leads  to  their increased oxygen consumption through the  activity

purchased  from    Dojindo  (Kumamoto,   Japan).   A23187,    N-(2-((p- bromocinnamyl)amino)ethyl)-5-isoquinolinesulfonamide  (H89), pros-

of  NADPH  oxidase which  generates  superoxide  anions  (O2

),  a

taglandin E1   (PGE1),  and  phenylmethylsulfonyl ﬂuoride (PMSF)  were

• −

precursor of  reactive  oxygen species (ROS).  This  phenomenon  is the so-called respiratory burst (Dahlgren and Karlsson, 1999). Inﬂam- matory responses of ROS can either directly or indirectly damage sur- rounding tissues (Mitra and Abraham, 2006; Smith, 1994). Neutrophil granules contain multiple serine proteases which are  released by  a process called  degranulation; among the  serine proteases, elastase is a great contributor to tissue destruction in chronic inﬂammatory dis- eases  (Pham, 2006; Watorek et  al., 1988). Suppression of extensive respiratory burst and  degranulation in activated neutrophils by natu- ral products is considered an effective strategy to ameliorate inﬂam- matory diseases.
In   a   search  for   new    anti-inﬂammatory   agents  from   natural
sources, (3Z)-6,7-dihydroxy-4-methoxy-3-(phenylmethylidene)-5-(3- phenylpropanoyl)-1-benzofuran-2(3H) (bractelactone) (Fig. 1), a novel chalcone containing cinnamic acid isolated from stems of F. bracteolatum
• −

purchased from   Calbiochem (San  Diego,  CA, USA). Antibodies were obtained from  Cell Signaling (Beverly, MA, USA). Other chemicals were purchased from Sigma (St. Louis, MO, USA). When drugs were dissolved in dimethyl sulfoxide (DMSO), the  ﬁnal  concentration of DMSO in cell experiments never exceeded 0.4% and  did  not  affect  the  parameters measured.

Extraction  and  isolation.  The MeOH extract (48  g)  of F. bracteolatum stems was  subjected to silica gel column chromatography and  eluted with increasingly polar  n-hexane/CHCl3/EtOAc/MeOH  mixtures; the eluents were combined into  15  fractions on  the  basis  of thin  layer chromatography (TLC). Fraction 7 was  eluted with CHCl3  to give bractelactone (42  mg,  purity > 97%). The  structure of bractelactone was   determined  by  mass   (MS)   and   nuclear magnetic resonance (NMR)  spectroscopic methods (Lan et  al., 2005). Bractelactone was

(Lan et al., 2005), was found to potently inhibit O2

production, elastase

obtained as yellow  needles, and  displayed UV absorption at 294  and

release,   and    CD11b   expression  in   formyl-L-methionyl-L-leucyl- L-phenylalanine (FMLP)-activated human neutrophils. The aim of this study was to investigate the effects of bractelactone on human neutro- phil  functions and  its action mechanisms.  Calcium  (Ca2+)  signaling plays  an  important role  in  activation of human neutrophils such  as migration, respiratory burst,  and  degranulation.  Activation of  the  G protein-coupled receptor (GPCR) triggers Ca2+ release from intracellu- lar stores, and induces extracellular Ca2+ inﬂux. Thus, speciﬁc inhibitors of Ca2+ signaling are currently being investigated as anti-inﬂammatory drugs because of their suppressive effects  on neutrophil functions. Our data show that bractelactone inhibits FMLP-induced human neutrophil activations by speciﬁcally attenuating extracellular Ca2+  inﬂux.

Materials and methods

Reagents.  Dextran,  Ficoll-Paque Plus,  and   nitrocellulose membranes were purchased from  Pharmacia (Uppsala, Sweden). Hank's balanced salt solution  (HBSS)  was   obtained  from   Gibco  (Grand Island,   NY, USA). Fluo-3-AM and hydroethidine (HE) were obtained from Molecu-
lar  Probes  (Eugene,  OR, USA).  2-(4-Iodophenyl)-3-(4-nitrophenyl)-

228  nm.  The  molecular formula was  conﬁrmed to  be  C25H20O6   by HR-FAB-MS (m/z 416.1252, calcd.  416.1260). 1H-NMR (400 MHz, CDCl3) δ: 13.51  (1H, s, 2′-OH), 8.13  (1H, s, H-3″),  7.43–8.02 (5H, m, H-5″–9″), 7.22–7.43 (5H, m, H-2–6), 5.50 (1H, s, 3′-OH), 4.27 (3H, s,
6′-OCH3), 3.41  (1H,  t, J = 7.2 Hz, H-α), 3.05  (1H,  t, J = 7.2 Hz, H-β).
13C-NMR  (100 MHz,  CDCl3)  δ:  203.6   (C-β′),  164.8   (C-1″),   152.3
(C-2′), 147.3  (C-6′), 146.5  (C-4′), 142.7  (C-3″),  140.6  (C-1),  133.7
(C-4″),  132.1  (C-3′), 131.5  (C-5″/9″), 130.7  (C-6″/8″), 128.5  (C-2/3/
5/6),   128.3   (C-7″),   126.2   (C-4),   119.1   (C-2″),   107.6   (C-5′),  101.8 (C-1′), 60.6  (6′-OCH3), 44.4  (C-α), 30.0  (C-β).  IR (KBr)  νmax   3492,
3026,  2938,  2217,  1776,  1640,  1600,  1424,  1348,  1268,  1174,  1008,
957  cm− 1.

Preparation  of  human  neutrophils. Blood   was   taken  from   healthy human donors (20–30 years  old) by venipuncture, using a protocol ap- proved by the Institutional Review Board of Chang Gung Memorial Hos- pital.  Neutrophils were isolated with a standard method of dextran sedimentation prior  to centrifugation in a Ficoll Hypaque gradient and the hypotonic lysis of erythrocytes (Boyum et al., 1991). Puriﬁed neu- trophils contained > 98% viable cells, as determined by a trypan blue ex-
2+ 

5-(2,4-disulfophenyl)-2H-tetrazolium  monosodium salt  (WST-1) was

clusion method.  Neutrophils were  resuspended  in  Ca

-free   HBSS

buffer  at pH 7.4 and  maintained at 4 °C for further experiments.
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2
)Measurement of extracellular O• −

generation.  The assay of O• −

genera-

 (
2
)tion was  based on the superoxide dismutase (SOD)-inhibitable reduc- tion  of WST-1 (Tan and  Berridge, 2000). After supplementation with
0.3 mM    WST-1    and    1 mM    Ca2+,    freshly   isolated   neutrophils
(6 × 105 cells/ml) were equilibrated at 37 °C for 2 min  and  incubated with  bractelactone  for   5 min.   Cells   were  activated  with  FMLP (100 nM) or phorbol myristate acetate (PMA, 5 nM) for 10 min. Cyto- chalasin B (CB) at 1 μg/ml was incubated for 3 min before the addition of FMLP. Changes in absorbance with the reduction of WST-1 at 450  nm were continually monitored in a double-beam, six-cell  positioner spec- trophotometer with constant stirring (U-3010, Hitachi, Tokyo, Japan).
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2
)Determination  of  intracellular  O• −

. The  intracellular  production  of

 (
O
) (
2
)• − in stimulated neutrophils using  HE was  quantiﬁed in individual
 (
•
 
−
)cells by ﬂow  cytometry (Kalyanaraman et al., 2012). HE at 1 μM was loaded  into   neutrophils  and   incubated  at  37 °C  for   10 min. Bractelactone was   added to  the   suspensions for  5 min,  and   then FMLP (0.1  μM) was  added and  incubated for 5 min  in the  presence of CB (1  μg/ml).  Ice-cold  HBSS was  added to the  suspensions to stop

the reaction. O2

release was monitored by ﬂow  cytometry (FACScan,

Becton  Dickinson, San Jose, CA, USA).



Fig. 1. Chemical structure of (3Z)-6,7-dihydroxy-4-methoxy-3-(phenylmethylidene)-
5-(3-phenylpropanoyl)-1-benzofuran-2(3H) (bractelactone).

Measurement  of  ROS release.  ROS were measured using   a  luminol- enhanced  chemiluminescence (LECL) method.  Neutrophils (2 × 105)



were preincubated at 37 °C for 5 min in 300  μl HBSS containing luminol (37.5  μM) and horseradish peroxidase (HRP; 6 U/ml). Cells were activat- ed  by FMLP (100 nM)/CB  (1 μg/ml) in a preincubation with drugs for
5 min, and LECL responses were detected using a multimode microplate reader (Inﬁnite 200 PRO, Tecan, Männedorf, Switzerland).

Determination of inositol 1 phosphate (IP1) levels. Quantiﬁcation of IP1 accumulated in  neutrophils was  determined using   a  homogeneous time-resolved ﬂuorescence assay  kit (Cisbio,  Bedford,  MA, USA), and the assay  was performed according to the manufacturer's instructions. Neutrophils  (2.5 × 107/ml)  were pretreated  with LiCl (50  mM)   for
15 min  and  incubated with drugs for 5 min  at 37 °C. FMLP was  then

• −	• −

O2     -scavenging activity.  The  O2

-scavenging ability of bractelactone

added, and the reaction mixture was incubated for 15 min. IP1 produc-

was  assayed by xanthine/xanthine oxidase (XO) in a cell-free system. The assay  buffer  (50  mM Tris (pH 7.4), 0.3 mM WST-1, and  0.02 U/ml XO) was equilibrated at 37 °C for 2 min and incubated with or without bractelactone for 5 min. After incubation, 0.1 mM xanthine was added to the  assay  buffer  for 15 min  at 30 °C, and  the  absorbance associated
• −

tion was  detected by the addition of lysis buffer  containing the IP1-d2 conjugate followed by the addition of an Eu-cryptate-labeled anti-IP1 antibody.  Time-resolved  ﬂuorescence at  620  and  665  nm  was  mea- sured with PHERAstar and RUBYstar after incubation at room tempera- ture for 60 min.

with the  O2

-induced WST-1 reduction was measured at 450  nm.


Determination of intracellular cAMP concentrations. Neutrophils were

Measurement of elastase release.  Degranulation of azurophilic granules was determined by elastase release (Hwang et al., 2009b). Experiments were performed using MeO–Suc–Ala–Ala–Pro–Val–p-nitroanilide as the elastase substrate. Brieﬂy,  after supplementation with MeO–Suc–Ala– Ala–Pro–Val–p-nitroanilide (100 μM),   neutrophils  (6 × 105 cells/ml) were equilibrated at 37 °C for 2 min  and  incubated with bractelactone for  5 min.  Cells were activated with 100  nM  FMLP and  0.5 μg/ml  CB for  10 min,  and  changes in  absorbance at 405  nm  were continually monitored to assay  elastase release. Results are expressed as a percent of elastase release in the FMLP/CB-activated drug-free control group.
To assay  whether bractelactone exhibits inhibitory ability  toward elastase  activity, a direct elastase activity assay  was  performed in  a cell-free system. Neutrophils (6 × 105/ml) were incubated for 15 min in the  presence of FMLP (100 nM)/CB (2.5 μg/ml) at 37 °C. Cells were then centrifuged at 1000  g for 5 min at 4 °C in order to collect the elas- tase  from  the  supernatant. The supernatant was  equilibrated at 37 °C for  2 min   and   incubated with or  without bractelactone for  5 min. After incubation, MeO–Suc–Ala–Ala–Pro–Val–p-nitroanilide (100 μM) was added to the  reaction mixtures. Changes in absorbance at 405  nm were continually monitored for 10 min to assay  the elastase activity.

Measurement  of  CD11b  expression.  Neutrophils  (2.5 × 106/ml) were equilibrated at  37 °C for 2 min  and  incubated with bractelactone for
5 min. Cells were activated by FMLP (100 nM) for 5 min in the presence of CB (0.5  μg/ml). The reaction was stopped by placing cells on ice, and then cells  were centrifuged at 4 °C. After removing the supernatants, cells were resuspended in 0.5% bovine serum albumin for immunoﬂuo- rescent staining of FITC-labeled-anti-CD11b  (1 μg)  (eBioscience, San Diego, CA, USA) for 90 min  at 4 °C. CD11b expression was  measured by ﬂow  cytometry.

Measurement  of  lactate  dehydrogenase  (LDH)  release.  Release    of LDH into  the  cell medium indicates cell-membrane damage. LDH re- lease  was  determined by commercially available reagents (Promega, Madison, WI, USA), and  was  evaluated by changes in absorbance at

incubated with bractelactone for 5 min  before stimulation with FMLP for another 1 min.  Dodecytrimethylammonium bromide (0.5%) was added to lyse  cells  and  terminate  the reaction. Samples were then centrifuged at 3000  g for 5 min  at 4 °C. Supernatants were used  as a source for cAMP samples. cAMP levels were assayed using  enzyme im- munoassay kits (Amersham  Biosciences,  Buckinghamshire,  UK),  and the assay was performed according to the manufacturer's instructions.

Immunoblotting analysis  of whole-cell  lysates.  Neutrophils were incu- bated with bractelactone for  5 min  at 37 °C before being  stimulated with FMLP for another 1 min.  Cells were pelleted and  resuspended in ice-cold relaxation buffer  (20  mM  Tris–HCl  (pH 7.4),  150  mM  NaCl,
2 mM  Na3VO4, 1 mM  EGTA, 1 mM  NaF, 1 mM  phenylmethylsulfonyl ﬂuoride, 1% dilution of a Sigma protease inhibitor cocktail, 1% dilution of Sigma phosphatase inhibitor cocktails, and 1% Triton X-100). Samples were centrifuged at 14,000 g for 20 min  at 4 °C to yield whole-cell ly- sates. Proteins derived from whole-cell lysates were separated by sodi- um   dodecylsulfate-polyacrylamide  gel   electrophoresis  (SDS-PAGE) using  12%  polyacrylamide gels  and  blotted onto nitrocellulose mem- branes. Immunoblotting was performed using  the indicated antibodies and  HRP-conjugated secondary antibodies (Cell Signaling Technology, Beverly,  MA, USA). Immunoreactive bands were visualized by an  en- hanced chemiluminescence system from  PerkinElmer (Boston, MA, USA).

Statistical   analysis.  The  value   of  the   50% inhibitory concentration (IC50) was  calculated by the  concentration response curves from  in- dependent  experiments with Sigmaplot software (Jandel Scientiﬁc, San  Rafael,  CA, USA). Data  are  expressed as  the  mean ± S.E.M., and comparisons were statistically calculated by Student's t-test or analy- sis of variance (ANOVA). A value of p b 0.05 was considered statistical- ly signiﬁcant.

Results

• −

490  nm. Cytotoxicity was represented by LDH release in cell-free me-

Bractelactone signiﬁcantly inhibits  O2

production, ROS generation, and

dium as a percentage of the total LDH in this system. The total LDH re- leased was  determined by  lysing  cells  with 0.1% Triton  X-100  for
30 min  at 37 °C.

Measurement of calcium  concentration. Neutrophils were loaded with

elastase release  in FMLP-induced human neutrophils

 (
•
 
−
)From  stems of F. bracteolatum, ﬁve  compounds were isolated: bractelactone,  piperolactam  A, aristololactam  BIII, aristololactam BII, and ﬁssilandione. In order to explore the anti-inﬂammatory constituents

2 μM  ﬂuo-3 AM  at   37 °C  for   45 min.   After   being   washed,   cells

of stems of F. bracteolatum, the effects of these ﬁve isolates on O2

gen-

(3 × 106 cells/ml) were resuspended in Ca2+-free HBSS. The change in
ﬂuorescence was monitored using a Hitachi F-4500 spectroﬂuorometer

eration were assayed in FMLP-activated human neutrophils (Lan et al.,
2005). Among  them, bractelactone showed the  most-potent inhibitory
• −

in a quartz cuvette with a thermostat (37 °C) and  continuous stirring.

effect   on  O2

production in  FMLP/CB-activated human  neutrophils

The excitation wavelength was  488  nm, and  the emission wavelength was 520  nm. FMLP or thapsigargin was used  to increase [Ca2+]i  in the presence and  absence of 1 mM  Ca2+.  [Ca2+]i   was  calibrated by  the ﬂuorescence intensity as follows: [Ca2+]i = Kd ×[(F − Fmin)/(Fmax − F)]; where F is the observed ﬂuorescence intensity, Fmax  and  Fmin  were re- spectively obtained by the addition of 0.05% Triton  X-100  and  20 mM
EGTA, and Kd  was taken to be 400  nM.

with an  IC50  value  of 0.65 ± 0.06 μM (Fig.  2A). Neutrophil respiratory burst is a very  important event in many inﬂammatory disorders. The
 (
O
) (
2
)• − produced  by   NADPH  oxidase  in   human  neutrophils  can   be converted to various ROS that are strongly antimicrobial but which also
cause  tissue damage. Our data  showed that FMLP/CB-induced  ROS gen- eration was also inhibited by bractelactone (Fig. 2B). However, exposure of human neutrophils to high  concentrations of bractelactone (10  μM)




Fig. 2. Effects of bractelactone on  O2•−  production, ROS generation and elastase release in  human neutrophils. Human neutrophils were preincubated with DMSO  (control) or
• −

bractelactone for  5 min before activation by  FMLP/CB. O2

production and ROS generation  were respectively measured  using SOD-inhibitable WST-1 reduction (A)  and an  LECL

 (
• 
−
)method (B). C, intracellular O2

generation in HE-labeled neutrophils was induced by FMLP/CB and quantiﬁed in individual cells  by ﬂow cytometry. D, O2

production was induced

 (
• 
−
)by PMA and measured using SOD-inhibitable WST-1 reduction. E, elastase release was induced by FMLP/CB and measured spectrophotometrically at 405 nm. All data are  expressed as the mean ± S.E.M. (n =3–6). **p b 0.01; ***p b 0.001 compared to the control.




 (
2
)showed only slight inhibition of PMA-induced O• −

production (Fig. 2D).
• −

integrity of  cell  membranes, as  assayed by  LDH release (data not

In addition, bractelactone (1, 3, and  10 μM) reduced intracellular O2
production by  human neutrophils in  response to FMLP/CB (Fig.  2C). Diphenyleneiodonium (10 μM)  and  apocycin (300 μM), inhibitors of

shown). These  data  indicate that inhibition of respiratory burst and
degranulation by bractelactone was  not  due  to cytotoxicity.

• −

NADPH oxidase, were used as positive controls and completely repressed
• −

Bractelactone shows no effect on O2

scavenging  and only weakly

O2      production and ROS release (data not shown).
Neutrophil degranulation was  also measured according to the  ex- tent of release of the  primary granule-derived protease, elastase. Bractelactone  (0.1–3 μM)  also   reduced  elastase  release  in  FMLP/ CB-activated  neutrophils   in   a   concentration-dependent  manner

inhibits  elastase activity

Many   natural  bioactive compounds  from   plant  species were shown to  display direct scavenging activity of  free  radical species (Middleton  et   al.,  2000).  To  investigate  whether  bractelactone
• −

with an  IC50  value  of 0.85 ± 0.09  μM (Fig. 2E). Culturing cells  in the

shows an O2

-scavenging capability, bractelactone responses were ana-

presence of bractelactone (0.3–30 μM) for 15 min  did  not  affect  the

lyzed in a cell-free xanthine/XO system. Bractelactone at concentrations



 (
2
)of up to 30 μM failed to alter WST-1's reduction caused by O• −

genera-

tion. SOD (20  U/ml) was used  as a positive control in the xanthine/XO
system. Additionally, bractelactone (3 and 30 μM) did not affect the re-
• −

moval  of O2

by SOD (0.2 U/ml) (Fig. 3A). These  results rule  out the
• −

possibility that the inhibitory effects  of bractelactone on  O2
• −

release

occur through the direct scavenging of O2

. Additionally, bractelactone

did  not alter uric  acid formation in the  xanthine/XO system (data not shown),  suggesting that it displays no  effect on  XO activity.  On the other hand,  to understand whether bractelactone is  able  to  inhibit elastase  activity, a direct elastase activity assay  was  performed in  a cell-free system. As shown in Fig. 3B, bractelactone inhibited elastase activity in  a  cell-free system at  higher concentrations with an  IC50 value  of 8.95 ± 2.26 μM.

Bractelactone reduces  CD11b expression  in FMLP-induced human neutrophils

The migration of neutrophils into  tissues is a crucial  event in the inﬂammatory response. To investigate whether bractelactone reduces integrin  expression  in   FMLP/CB-treated  human  neutrophils, the amount of CD11b expression on the  cell surface was  assayed. Stimu- lation of human neutrophils with FMLP resulted in  signiﬁcant upregulation of CD11b  expression. Moreover, bractelactone  (1  and
3 μM) signiﬁcantly inhibited CD11b expression in FMLP/CB-activated








Fig. 4. Bractelactone inhibits CD11b  expression in FMLP-activated human neutrophils. Cells  (2.5 × 106/ml) were preincubated with DMSO (control) or  bractelactone (Brac, 1 and 3 μM) for  5 min before stimulation with FMLP/CB for  another 5 min. The  ﬂuores- cence intensity of  FITC-labeled-anti-CD11b was monitored using ﬂow cytometry as described in  “Materials and methods”. Representative traces from one of the four ex- periments are  shown.


examine whether the cAMP pathway is  involved in  the inhibitory effects   of  bractelactone,  cAMP  levels   were  assayed in  this  study. Rolipram (3 μM), a PDE4 inhibitor, induced a signiﬁcant increase in cel- lular cAMP concentrations in activated human neutrophils. In contrast, bractelactone (0.3, 1, and  3 μM) failed  to alter  cAMP levels  (Fig. 5A).
• −

human neutrophils (Fig. 4).

Moreover,   the  inhibition of  O2

generation  and   elastase  release


The cAMP pathway is not involved in the inhibitory effects of bractelactone

Elevation of cAMP levels  in neutrophils is associated with inhibi- tion   of  human  neutrophil  functions (Anderson et   al.,  1998).  To
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−
)Fig. 3. Effects of bractelactone on O2    production and elastase activity in cell-free systems. A, O• − generation by  xanthine/xanthine  oxidase was measured using SOD-inhibitable
WST-1 reduction. Reduction of WST-1 was measured spectrophotometrically at 450 nm in the presence of bractelactone with and without SOD. B, elastase activity was assayed in cell-free conditioned medium in the presence of bractelactone. All data are expressed as the mean ± S.E.M. (n = 4 or 6). **p b 0.01; ***p b 0.001 compared to the control.

in  FMLP-activated  neutrophils by bractelactone was  not reversed by the protein kinase A (PKA) inhibitor, H89  (3 μM). (Figs. 5B, C). PGE1 (an  adenylate cyclase  activator) was  used  as a positive control. These data  suggest that bractelactone does  not activate the cAMP signaling pathway.


Bractelactone inhibits  Ca2+  mobilization

It  is  well  known that activation of  the  FMLP receptor initiates formation of inositol 1,4,5-triphosphate (IP3) for Ca2+  release from intracellular endoplasmic reticular (ER)  stores (Ohta et  al., 1985). Such Ca2+  release depletes ER Ca2+  stores and subsequently initiates Ca2+ entry via store-operated Ca2+ entry (SOCE) (Itagaki et al., 2002; Salmon  and   Ahluwalia, 2011;  Schaff  et   al.,  2010).  Interestingly, FMLP-induced peak  [Ca2+]i  values were not  altered by bractelactone, whereas the time taken for [Ca2+]i to return to half of the peak values (t1/2) was signiﬁcantly shortened by bractelactone (0.3, 1 and 3 μM) in a concentration-dependent manner (Fig. 6A, Table 1). Thapsigargin, a speciﬁc inhibitor of ER Ca2+-ATPases (ERCAs), is able  to induce inﬂux of Ca2+   through SOCE by  blocking ER Ca2+   re-uptake (Salmon and Ahluwalia, 2011). Bractelactone did  not alter initial [Ca2+]i  increases but suppressed sustained [Ca2+]i  changes in thapsigargin-activated human neutrophils (Fig. 6B, Table 1), suggesting that bractelactone in- hibits SOCE. In line  with this hypothesis, bractelactone did  not affect the FMLP-induced  increase in  [Ca2+]i   values in  Ca2+-free  medium; however, [Ca2+]i  values after the subsequent addition of 1 mM Ca2+ were inhibited by bractelactone (Fig. 7A). The latter response was also conﬁrmed when bractelactone was added after FMLP (Fig. 7B, Table 2).


Bractelactone does not inhibit  IP1 formation

IP3 can be broken down into IP2 and then IP1 within cells, and the lifetime of IP3 is very  short. IP1 accumulates and  can  be detected in cells  after  LiCl pretreatment. To verify  whether phospholipase C (PLC)/IP3 is involved in the inhibitory effects of bractelactone, IP1 for- mation was  assayed. FMLP induced a signiﬁcant increase in IP1 pro- duction.  However, bractelactone  (0.3,  1,  and   3 μM)  did  not   alter FMLP-induced IP1 levels  in  human neutrophils.  IP1 formation was completely inhibited by the  positive control, U73122 (1  μM), a PLC inhibitor (Fig. 8).




Fig. 5. The cAMP pathway is not involved in bractelactone-caused inhibition. A, human neutrophils were incubated with DMSO (control), bractelactone (0.3, 1, and 3 μM)  or rolipram (3 μM) for 5 min before stimulation with and without FMLP (0.1 μM) for an-
• −




Fig. 6. Effects of bractelactone on Ca2+  mobilization in  FMLP- or thapsigargin-activated human neutrophils. Fluo  3-loaded neutrophils were incubated with bractelactone (0.3, 1, or  3 μM) for 5 min before stimulation with FMLP (0.1 μM) (A) or thapsigargin (0.5 μM) (B). Mobilization of Ca2+  was determined in real time in a spectroﬂuorometer. Represen- tative traces from one of the three or ﬁve experiments are shown.


2007; Rane et al., 1997). To investigate whether the  phosphorylation of MAPKs and Akt in FMLP-activated human neutrophils was reduced by  bractelactone, activated forms  of p38  MAPK, ERK, JNK, and  Akt were determined by a Western blot  analysis. Stimulation of human neutrophils with FMLP resulted in the rapid and signiﬁcant phosphor- ylation of p38 MAPK, ERK, JNK, and  Akt. However, bractelactone (0.3,
1,  and  3 μM)  did  not  alter  FMLP-induced phosphorylation  of  p38
MAPK, ERK, JNK, or Akt in human neutrophils (Fig. 9).

Discussion

The aims  of the  present study were to explore the  effects  of bractelactone, a  novel  bioactive compound isolated from  stems  of F. bracteolatum, on adhesion, respiratory burst, and  degranulation in FMLP-activated human  neutrophils. Also, the  signaling pathways re- sponsible for bractelactone-caused inhibition were investigated. Our results show for  the  ﬁrst time that bractelactone potently inhibits FMLP-induced human  neutrophil  activation  through  speciﬁcally inhibiting SOCE.
The migration of neutrophils into  tissues is a crucial  event in the inﬂammatory response and  comprises three essential biological pro- cesses  of rolling,  adhesion, and  transmigration (Albelda et al., 1994). Bractelactone diminished  FMLP-induced upregulation  of CD11b ex- pression, indicating that it can  attenuate neutrophil adhesion. Both oxidative stress and  elastase accumulation by activated neutrophils

Table 1
Effects of brectelactone on  peak intracellular calcium concentrations [Ca2+]i, and the time taken for  this concentration to decline to half  of its  peak values (t1/2) in FMLP-

other 1 min. cAMP  levels were measured by  enzyme immunoassay kits.  O2

genera-

or  thapsigargin-activated neutrophils.

tion   (B)   and   elastase   release   (C)   were   induced   by   FMLP/CB.   H89   (3 μM)   was	 	

preincubated for  5 min before the addition of  bractelactone and PGE1.  All data are

FMLP	Thapsigargin

expressed as  the mean ± S.E.M. (n = 3  or  4).  **p b 0.01; ***p b 0.001 compared to the
corresponding DMSO control.


Peak [Ca

2+]i	t1/2	1st  [Ca

2+]i	2nd [Ca

2+]i



Bractelactone does not alter  phosphorylation of mitogen-activated protein  kinases  (MAPKs) or protein  kinase B (Akt)

Activation of human neutrophils with FMLP leads  to activation of an  array of  intracellular protein  kinases, and  activation of  MAPKs and   Akt  is  associated with  neutrophil  activities (Burelout et  al.,

nM 	s 	nM 	nM

Control	354.76 ± 14.83   26.20 ± 1.59	143.18 ± 20.72    254.80 ± 18.67
Bractelactone
0.3  μM 	372.00 ± 17.50   17.24 ± 1.16⁎⁎
1 μM 	361.18 ± 18.02   16.89 ± 2.04⁎⁎
3 μM 	350.49 ± 23.12    10.45 ± 0.93⁎⁎⁎   136.80 ± 12.54   134.83 ± 18.44⁎⁎
For   all   data,  values  are   the  mean ± S.E.M.  (n =3–5).  ⁎⁎p b 0.01,   and  ⁎⁎⁎p b 0.001 compared with the control.




Fig. 7. Bractelactone reduces extracellular Ca2+  inﬂux in  FMLP-activated human neu- trophils. Fluo  3-loaded neutrophils were incubated with bractelactone (Brac, 3 μM)




Fig. 8. Bractelactone did  not inhibit IP1 formation. Human neutrophils were incubated with DMSO, bractelactone (0.3, 1, and 3 μM), or U73122 (1 μM) for 5 min before stim- ulation with FMLP (0.1 μM) for 15  min at 37  °C. The IP1 level was analyzed by a homo- geneous time-resolved ﬂuorescence assay kit.  All data are  expressed as  the mean ± S.E.M. (n = 4).  **p b 0.01 compared to the corresponding DMSO control.


1997; Selvatici  et al., 2006). Bractelactone failed  to alter PMA, a po-
• −

for 5 min and then activated by 0.1  μM FMLP in Ca2+-free HBSS followed by the addi-

tent  PKC activator,  induced  O2

production  in  intact  cells,  and
• −


tion of 1 mM  Ca2+  (A).  B, bractelactone (1 and 3 μM) was added after the addition of

exhibited no signiﬁcant ability  to scavenge O2

or inhibit elastase ac-

FMLP.  Traces shown  are   from three  or   four  different  experiments.  All  data  are expressed as the mean ± S.E.M. (n = 4).


are  well  known to be involved in the  pathogenesis of inﬂammatory diseases. Activation of neutrophils results in enhanced oxygen con- sumption via activation of NADPH oxidase leading to the  generation
• −

tivity  in cell-free systems. These  data  indicate that inhibition of neu-
trophil activation by bractelactone occurs  by modulating a novel cellular signaling pathway.  However, the   results suggest that bractelactone might not  act through the  MAPK or PI3K/Akt pathways because bractelactone did  not  inhibit FMLP-caused  phosphorylation of p38  MAPK, ERK, JNK, and  Akt.
FMLP   binds  to  the   GPCR  that   stimulates  PLC   to  catalyze
2+ 

of  O2

,  a  phenomenon  called   respiratory  burst  (Dahlgren and
• −

phosphoinosital 4,5-biphosphate into IP3 to trigger rapid Ca
2+ 

release

Karlsson,  1999). Production of O2

and  ROS is linked with the  killing

from   intracellular ER Ca

stores (Berridge,  2009; Downey et  al.,

of invading microorganisms, but  it can directly or indirectly cause damage  by  destroying surrounding tissues. Moreover, neutrophil granules contain multiple serine proteases. Among  them, elastase, stored in large  amounts in azurophilic granules, degrades extracellu- lar  matrixes and   plasma proteins  via  its  proteolytic activity, and also   stimulates  proinﬂammatory  cytokines and   cellular receptors (Korkmaz  et   al.,  2010).  We   found  that  bractelactone  potently
• −

1995; Matron et  al.,  2010). Other   researchers  and   ourselves have reported that FMLP-induced Ca2+ mobilization is correlated with respi- ratory burst and  degranulation of human neutrophils (Cockeran et al.,
2012; Hwang et al., 2009b). Consistent with this,  BAPTA-AM (10 and
20 μM),  a  cell-permeable Ca2+   chelator,  reduced the production of

inhibited O2

production, ROS generation, and  elastase release in

FMLP-induced human neutrophils. These data  support our hypothesis that bractelactone can act as an anti-inﬂammatory agent.
The intracellular signaling mechanisms responsible for neutrophil activation are  very  complex and  remain elusive. Protein kinases per- form  key responses in a majority of signaling pathways and  form  in- teractive networks for activation of most events in the  intracellular and  extracellular milieu. MAPK cascades (p38 kinase, ERK, and  JNK) and  phosphatidylinositol-3-kinase  (PI3K)/Akt signaling systems are mediated by interactions of FMLP with its receptors in multiple intra- cellular activities (Burelout et  al., 2007; Lin et  al., 2005; Rane  et  al.,

Table 2
Effect  of  bractelactone on  extracellular Ca2+   mobilization in  FMLP-activated human neutrophils.  Fluo   3-loaded neutrophils  were  incubated  with  bractelactone (1  or
3 μM) before or after the addition of FMLP in Ca2+-free HBSS followed by the addition
 (
Before
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Peak
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nM
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±
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±
 
27.03
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1
 
μ
M
–
149.28
 
±
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⁎⁎
)of 1 mM  Ca2+.








3 μM 	78.84 ± 12.16⁎⁎ 	95.03 ± 15.33⁎⁎⁎

Fig. 9. Bractelactone did  not alter phosphorylation of MAPK or Akt. Human neutrophils were incubated with DMSO or bractelactone (0.3, 1, and 3 μM) for  5 min before stim- ulation with FMLP (0.1 μM) for 1 min at 37  °C. Phosphorylation of p38, p42/44, JNK (A)

 		and Akt  (B)  was analyzed by  an  immunoblot analysis using antibodies against the

For all data, values are  the mean ± S.E.M. (n = 4).  ⁎⁎p b 0.01,  and ⁎⁎⁎p b 0.001 compared with the control.

phosphorylated form and the total amount of  each protein. Representative images from one of three–six experiments are  shown.



 (
O
) (
2
)• − and release of elastase in FMLP-activated human neutrophils (data not shown). Signiﬁcantly, the peak [Ca2+]i concentration was unaltered by bractelactone in FMLP-induced neutrophils, but the  decay  time of [Ca2+]i  was  signiﬁcantly shortened. Moreover, FMLP-induced IP3 for- mation was  not altered by bractelactone, indicating that inhibition of [Ca2+]i  by bractelactone is not through alteration of the PLC/IP3 signal- ing pathway. Many  reports showed that cAMP is a second messenger that regulates an  array   of  physiological activities in  cells.  Other re- searchers and ourselves reported that increased intracellular cAMP levels are  associated with multiple intracellular activities such  as respiratory burst and  degranulation of neutrophils (Anderson et al., 2009; Yu et al.,
2011). Gαs proteins induce adenylyl cyclase  enzymes that catalyze ATP to  cAMP, whereas it  is degraded by  phosphodiesterases. Rolipram, a well-known  inhibitor  of  phosphodiesterase  4,  did   not  alter  peak [Ca2+]i  levels  but  decreased the t1/2  value  of [Ca2+]i  in FMLP-activated human neutrophils (Yu et al., 2011). In addition, our previous reports in- dicated that inhibition of human neutrophil functions by the  chalcone derivatives, viscolin  and  3′-isopropoxychalcone, was  cAMP-dependent (Hwang et  al.,  2006a,b). It  was  noted that  bractelactone, a  natural chalcone compound, signiﬁcantly reduced the decay  time of [Ca2+]i  in FMLP-activated human  neutrophils.  However, bractelactone  did  not
• −
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