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a  b  s  t  r  a  c  t

The  purpose  of  this  study  was  to  investigate  the  extraction,  characterization  and  bioactivities  of  puri-
fied  water-soluble  polysaccharides  (BCP)  from  Baphicacanthis  Cusiae  Rhizoma  et  Radix.  Based  on the
response  surface  methodology,  the  optimal  extraction  parameters  were  obtained  as follows:  extraction
temperature  of  60.0 ◦C,  extraction  time  of 35.0  min,  and  ratio  of  water  to  raw  material  of  24.5  ml/g.  Then,
BCP  was  separated  and purified  by chromatography  of  DEAE-52  and  Sephadex  G-100,  and  obtained  two
eywords:
aphicacanthis Cusiae Rhizoma et Radix
olysaccharide
nti-inflammatory activity

purified  fractions,  named  as BCP-1  and  BCP-2.  Their  molecular  weights  were  respectively  11.6  and  26.7
KDa with  mainly  composed  of  glucose,  arabinose  and  galactose.  BCP-2  had  higher  contents  of  sulfuric
radical  and uronic  acid than  BCP-1.  Finally,  their  antioxidant  and  anti-inflammatory  activities  were  eval-
uated.  Both  of BCP-1  and BCP-2  exhibited  strong  antioxidant  activity  in  vitro,  and  the  antioxidant  of BCP-2

show
was  better.  Besides,  they  

. Introduction

Baphicacanthis Cusiae Rhizoma et Radix (short as Baphicacan-
his Cusiae) belongs to the family Acanthaceae, is a traditional
hinese medicine produced from the dry rhizomes and roots of
aphicacanthus cusia (Nees) Bremek. It is recorded in the Chinese
harmacopoeia [1], and has mainly been used for the treatment of
estilence, fever, sore throat, etc [2]. Also, its potential in the pre-
ention and treatment of severe acute respiratory syndrome (SARS)
as been discovered in some studies since 2003 [3], then it became
ore widely used in China. Current researches have showed that

aphicacanthis Cusiae has antiviral, anticancer, antibacterial and

nti-inflammatory bioactivities, and the function for liver protec-
ion [4]. Its antiviral activity might be related to the components
f indigo, tryptanthrin or indirubin [5], but there is no direct evi-

Abbreviations: BC, Ppolysaccharides from Baphicacanthis Cusiae Rhizoma et
adix; NO, nitric oxide; NBT, nitrotetrazolium; PMS, phenazine methyl sulfate;
ADH, nicotinamde adenine dinucleotide reduced; LPS, lipopolysaccharide; IL-
,  interleukin-6; IL-8, interleukin-8; FT-IR, Fourier transform infrared; BW,  body
eight.
∗ Corresponding author.

E-mail address: danyan64@163.com (D. Zhang).
1 These authors contributed equally to this work.

ttp://dx.doi.org/10.1016/j.ijbiomac.2016.09.055
141-8130/© 2016 Elsevier B.V. All rights reserved.
ed  ideal  anti-inflammatory  activity  in  vitro  and  in  vivo.
©  2016  Elsevier  B.V.  All  rights  reserved.

dence to support other activities due to these experiments were
based on water extract as the experimental material. It has reported
that the water extract of Baphicacanthis Cusiae is rich in water-
soluble polysaccharides, and the polysaccharide has antibacterial
activity [6]. However, there was little report devoted to thoroughly
studying the characterization, antioxidant and anti-inflammatory
activities of purified polysaccharide from Baphicacanthis Cusiae
(BCP). Therefore, this study was aimed to update the data and dis-
cover potential bioactivities of purified BCP.

In the present study, Box-Behnken Design was employed to opti-
mize the extraction of BCP. Then, the crude BCP was separated and
purified by chromatography of DEAE-52 and Sephadex G-100. The
purified fractions of BCP were characterized by chemical analysis,
gas chromatography (GC), high-performance liquid chromatogra-
phy (HPLC) and Fourier transform-infrared spectroscopy (FT-IR). At
last, the antioxidant activity in vitro and anti-inflammatory activity
in vitro and in vivo of purified fractions of BCP were evaluated

2. Materials and methods
2.1. Materials and reagents

Baphicacanthis Cusiae was  purchased from Guangzhou
Caizhilin Pharmaceutical Co. Ltd (Guangzhou, China). RAW264.7

dx.doi.org/10.1016/j.ijbiomac.2016.09.055
http://www.sciencedirect.com/science/journal/01418130
http://www.elsevier.com/locate/ijbiomac
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijbiomac.2016.09.055&domain=pdf
mailto:danyan64@163.com
dx.doi.org/10.1016/j.ijbiomac.2016.09.055
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Table 1
The response value and the actual value of Box-Behnken Design.

No. Extraction temperature ( ◦C) Extraction time (min) Water to raw material ratio (ml/g) Yield (%)

X1 Code x1 X2 Code x2 X3 Code x3

1 60 −1 25 −1 25 0 6.70
2  80 1 25 −1 25 0 8.43
3  60 −1 35 1 25 0 7.77
4  80 1 35 1 25 0 7.70
5  60 −1 30 0 20 −1 6.70
6  80 1 30 0 20 −1 8.10
7  60 −1 30 0 30 1 7.10
8  80 1 30 0 30 1 7.54
9  70 0 25 −1 20 −1 6.40
10  70 0 35 1 20 −1 6.90
11  70 0 25 −1 30 1 6.94
12  70 0 35 1 30 1 7.00
13  70 0 30 0 25 0 7.14
14  70 0 30 0 25 0 6.72
15  70 0 30 0 25 0 7.20
16  70 0 30 0 25 0 7.39
17  70 0 30 0 25 0 7.26

Table 2
Analysis of variance of Box-Behnken Design.

Variables Sum of Squares DFa Mean Square F–Value p-value Prob.>F

Model 4.267244 9 0.474138 9.565298 <0.01
A  1.53125 1 1.53125 30.89155 <0.01
B  0.10125 1 0.10125 2.042625 0.1960
C  0.0288 1 0.0288 0.581013 0.4708
AB  0.81 1 0.81 16.341 <0.01
AC  0.2304 1 0.2304 4.648107 0.0680
BC  0.0484 1 0.0484 0.976425 0.3560
A2 1.178278 1 1.178278 23.77066 <0.01
B2 0.001857 1 0.001857 0.03746 0.8520
C2 0.407246 1 0.407246 8.215817 <0.05
Residual 0.34698 7 0.049569
Lack  of Fit 0.0901 3 0.030033 0.467663 0.7207
Pure  Error 0.25688 4 0.06422
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a Degree of freedom.

ells (mouse macrophage cell line) were obtained from the Shang-
ai Cell Biology Research Institute (Shanghai, China). DEAE-52
ellulose and Sephadex G100 were purchased from Beijing Solar-
io Technology Co., Ltd (Beijing, China). Nitrotetrazolium (NBT),
henazine methyl sulfate (PMS), nicotinamde adenine dinucleo-
ide reduced (NADH) and lipopolysaccharide (LPS) were obtained
rom Sigma Chemical Co., Ltd. (Sigma-Aldrich, St. Louis, MO,
SA). Ibuprofen suspension was purchased from Jiangsu Hengrui
edicine Co. Ltd (Lianyungang, China). Acetaminophen was pur-

hased from Bayer Medicine Health Care Co., Ltd Guangzhou Branch
Guangzhou, China). RPMI 1640 culture medium was  purchased
rom Gibco Corporation (USA). Enzyme linked immunosorbent
ssay (ELISA) kits of tumor necrosis factor-�,  interleukin-6 (IL-6)
nd interleukin-8 (IL-8) were purchased from Wuhan Boster
ompany (Wuhan, China). All the other reagents used in this study
ere analytical grade and purchased from Aladdin Reagent Co.,

td. (Shanghai, China).

.2. Preparation of crude BCP

Baphicacanthis Cusiae was dried at 60 ◦C for 24 h and crushed
o obtain fine powder, all powder were passed through a 60-mesh
ieve (particle diameter less than 0.25 mm).  After treatment with
etroleum ether, the powder was treated with 95% ethanol. The

retreatment powder (5.0 g) was extracted by distilled water in
n ultrasonic cleaner (KQ-250B, Kunshan Ultrasound Instrument
o., Jiangsu, China, 40 kHz), with different extraction parameters,

ncluding extraction temperature, extraction time, and water to
raw material ratio. A water bath was used to monitor the tem-
perature of extraction process (501-A, Shanghai Instrument Co.,
Ltd.). After treatment, the mixture extract was centrifuged (4000
r/min, 20 min). Insoluble residue was  re-extracted to recover the
residual water-soluble polysaccharides. The supernatants were col-
lected, concentrated and then mixed with four-fold amount of
absolute ethanol. The mixture was  stirred vigorously and then kept
overnight at 4 ◦C. The precipitate was collected by centrifugation
(5000 r/min, 20 min) and freeze drying to get crude BCP.

Content of polysaccharide in crude BCP was measured by the
phenol-sulfuric acid method as reported [7].

2.3. BBD for the extraction of BCP

Box-Behnken Deign (BBD) with three independent variables
(extraction temperature, X1; extraction time, X2; ratio of water to
raw material, X3) at three levels was  used to design the best com-
bination of extraction variables. The 17 experimental points of the
independent variables and their levels were listed in Table 1.

2.4. Purification of BCP

Crude BCP was purified by DEAE-52 cellulose ion exchange chro-
matography and Sephadex G-100 gel filtration chromatography [8].

First, the BCP solution (10 ml,  2 mg/ml) was  added to a DEAE-52
cellulose column (2.6 × 30 cm), and then eluted with different con-
centrations of NaCl solutions at a flow rate of 60 ml/h. Each tube
collected 10 ml  elute. Polysaccharides in each tube were detected
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y the phenol-sulfuric acid method. The same fractions were col-
ected, dialyzed and further purified by Sephadex G-100. Solution

as eluted with deionized water at a flow rate of 15 ml/h, each tube
ollected 10 ml  elute. At last, the purified fractions were collected
nd freeze drying.

Yield of purified polysaccharide (%) was calculated as shown in
he following equation:

ield(%) = mp/mc × 100 (1)

here mp and mc were the weight of purified and crude polysac-
haride, respectively.

.5. Characterization of BCP

.5.1. Chemical analysis of BCP
The content of carbohydrates in purified BCP was  determined by

henol-sulfuric acid method [7]. The content of sulfate radicals [9],
ronic acids [10] and protein [11] were determined by the classical
ethod.

.5.2. Determination of monosaccharide compositions
Monosaccharide compositions of BCP were analyzed by GC

ccording to the previous reports with modifications [12]. Briefly,
he polysaccharides samples (5 mg)  were hydrolyzed (2 M trifluo-
oacetic acid, 120 ◦C, 2 h) and evaporated to dry. Then hydrolyzate
as added with hydroxylamine hydrochloride (10 mg), inositol

internal standard, 5 mg), and pyridine (0.6 ml). Reaction for 30 min
90 ◦C) and then adding acetic anhydride (1 ml), continue to react
or 30 min. At the same time, the monosaccharide standards of
hamnose, xylose, arabinose, fucose, mannose, glucose and galac-
ose were acetylated. Then, all the derivatives were analyzed by a
890N GC (Agilent Technologies, USA) instrument equipped with
ame ionization detector and an HP-5 fused silica capillary col-
mn  (30 m × 0.32 mm × 0.25 �m).  The operation conditions of GC
ere as following: flow rates of N2, H2 and air were 25, 30 and

00 ml/min, respectively; the oven temperature was maintained at
20 ◦C for 3 min, and then increased gradually to 210 ◦C (3 ◦C/min);
he temperatures of oven, detector and inlet were 210, 280 and
50 ◦C, respectively.

.5.3. Determination of molecular weights of BCP
The molecular weights of BCP samples were characterized by

PLC according to the reported method with slight modifications
13]. The purified polysaccharides (9.5 mg)  were dissolved, then
assed through a 0.45 �m filter, and applied to a gel-filtration
hromatographic column of TSK-GEL G5000PWxl column with a
SK G-3000PWxl column (7.5 × 300 mm,  Tosoh Corp., Japan). The
olumns were kept at 35 ◦C, eluted with 0.02 M KH2PO4 solution at a
ow rate of 0.6 ml/min. Detector was the Waters 2414 RID. Prelim-

nary calibration of the column was conducted by using dextrans
ith different molecular weights (5200, 11,600, 48,600, 148,000,

10,000, 668,000 and 1,482,000).

.5.4. FT-IR analysis of BCP
The powder of BCP samples was mixed with proper amount

f KBr powder, and then pressed into piece for Fourier transform
nfrared (FT-IR) measurement. The FT-IR spectrum of BCP was
etermined by the Nicolet 5700 spectrometer (Thermo Electron,
adison, WI,  US) at the frequency range of 4000–400 cm−1.

.6. Antioxidant activities in vitro of BCP
.6.1. Assay of superoxide radical scavenging activity
Superoxide radical scavenging activity of BCP and its purified

ractions was determined in accordance with the reported method
12]. Briefly, 1 ml  BCP solutions with different concentrations (0.04,
l Macromolecules 93 (2016) 879–888 881

0.12, 0.24, 0.4, 1.0, 2.0 mg/ml) were mixed with NBT solution
(146 �mol/L, 1.0 ml), PMS  solution (61 �mol/L, 1.0 ml)  and NADH
solution (452 �mol/L, 1.0 ml). The mixture was shaken and kept
at 25 ◦C for 5 min. The absorbance at 560 nm was  measured. The
blank was  set as water and 0.1 M phosphate buffer instead of BCP
sample and NBT solution, respectively. The scavenging activity on
superoxide radical was  calculated by the following formula:

Superoxideradicalscavengingactivity(%) = (A0−A1 + A2)/A0 × 100

(2)

where A0 was the absorbance of controlled sample (water instead
of BCP solution), A1 was the absorbance of the tested sample, and
A2 was the interference test (phosphate buffer instead of NBT solu-
tion). Ascorbic acid (Vc) was used as positive control.

2.6.2. Assay of reductive potential
The reductive potential of BCP was determined according to the

method of [14]. Phosphate buffer (0.2 M,  1.0 ml)  and 1.0 ml  1% (w/v)
K3Fe(CN)6 solution were mixed with 0.5 ml  BCP samples (0.04, 0.12,
0.24, 0.4, 1.0 mg/ml), and then incubated at 50 ◦C for 20 min. After
these, cool to room temperature. 1.0 ml  trichloroacetic acid (10%,
w/v) and 0.25 ml  0.1% (w/v) FeCl3 were added to the mixture solu-
tion. The absorbances of mixed reaction solution were measured at
700 nm.  Increased absorbance of the reaction mixture indicates an
increase of reduction capability.

2.6.3. Ferrous metal ions chelating activity
The chelating of ferrous ions by BCP was estimated by the

method of [15]. Briefly, 0.4 ml  BCP solutions were mixed with
0.05 ml  2.0 mM FeCl2. Then added ferrozine (5.0 mM,  0.2 ml),
adjusted total volume to 4 ml  by deionized water. The mixture was
shaken vigorously and set aside for 10 min. At last, absorbance of the
solution was measured at 562 nm against the blank (water instead
of BCP sample and FeCl2 solution, respectively). The percentage
of inhibition of ferrozine-Fe2+ complex formation was calculated
according to the following formula:

Metalcheiatingeffect(%) = (A0 − A1 + A2)/A0 × 100 (3)

where A0 is the absorbance of control sample (water instead of BCP
solution), A1 is the absorbance of the tested sample, and A2 is the
absorbance of test sample solution (water instead of FeCl2 solution).

2.7. 7 In vitro anti-inflammatory effects of BCP

2.7.1. Cell culture and cytotoxicity assay
RAW264.7 cells were cultured in RPMI 1640 medium supple-

mented with 10% fetal bovine serum (FBS), penicillin (100 U/ml),
and streptomycin (100 U/ml). RAW264.7 cells (5 × 104/well) were
cultured in 96-well plates and incubated at 37 ◦C in a wet  atmo-
sphere containing 5% CO2 for 12 h. Then treated with different
concentrations of samples (0, 20, 40, 80 and 160 �g/ml). After 24 h,
cell viability was evaluated by MTT  assay [16].

2.7.2. Model establishment
RAW264.7 cells were divided into the following groups: Group

I (blank control group, normal RAW264.7 cells without LPS or BCP
treatment); Group II (model control group, added with 10 mg/l
LPS); Group III–VI (experimental groups, added with 10 mg/l LPS
and treated by BCP-1 with different concentration); Group VII–X
(experimental groups, added with 10 mg/l LPS and treated by BCP-2
with different concentration).
2.7.3. Determination the level of nitric oxide (NO)
Indirect detection of NO production by Griess reaction [17].

RAW264.7 cell was  pipetted into a 96-well plate (100 �l/well), each
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Table 3
The chemical compositions and contents of carbohydrate, protein, uronic acid and sulfate of BCP-1 and BCP-2.

Sample Carbohydrate (%) Sulfuric radical (%) Protein (%) Uronic acid (%) Sugar component (%)

Glucose Arabinose Galactose

BCP-1 89.71 ± 1.08 0.76 ± 0.26 0.23 ± 0.01 2.24 ± 0.08 42.57 32.14 25.29
BCP-2 92.56 ± 1.63 4.74 ± 0.80 0.26 ± 0.02 2.57 ± 0.07 28.65 35.22 36.13

Table 4
Anti-inflammation results of BCP.

Group Treatment (Dose) Effect of BCP on xylene-induced ear swelling Effect of BCP on vascular permeability increase
induced by intraperitoneal acetic acid

Ear swelling (mg) Inhibition rate (%) Evan’s blue (mg/ml) Inhibition rate (%)

I Model group 16.4 ± 1.88 / 10.3 ± 0.57 /
II  Ibuprofen (200 mg/kg) 6.5 ± 0.93** 60.37 3.0 ± 1.22** 70.87
III  BCP-1(100 mg/kg) 13.9 ± 2.58* 15.24 9.3 ± 0.53** 9.71
IV  BCP-1 (200 mg/kg) 11.2 ± 2.06** 31.71 6.9 ± 1.13** 33.01
V  BCP −1 (400 mg/kg) 9.2 ± 1.72** 43.90 5.8 ± 1.24** 43.69
VI  BCP-2(100 mg/kg) 13.4 ± 2.43** 18.29 8.9 ± 0.88** 13.59
VII  BCP-2 (200 mg/kg) 11.5 ± 2.35** 29.88 6.5 ± 1.24** 36.89
VIII  BCP −2 (400 mg/kg) 8.8 ± 2.18** 46.34 5.3 ± 1.13** 48.54
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* P < 0.05, compared with the model group.
** P < 0.01, compared with the model group.

roup treatment with corresponding LPS or BCP for 24 h. 50 �l cell
ulture solution was taken from each well and tested with Griess
eagent. The absorbance of each well was read at 540 nm using an
LISA plate reader. The level of NO generated in the medium was
alculated according to the standard curve obtained by NaNO2.

.7.4. Determination the level of inflammatory cytokine
RAW264.7 cell was pipetted into a 24-well plate (100 �l/well),

ach group treatment with corresponding LPS or BCP for 24 h. The
upernatant was measured, and TNF-�, IL-6 and IL-8 levels were
etermined in accordance with the specification of ELISA kits.

.8. Methods for testing acute inflammation of BCP in vivo

.8.1. Experimental animals
In this study, the male NIH mice (8-week-old) were provided by

xperimental Animal Center of Guangzhou University of Chinese
edicine (the qualified certificate No. was SCXK 2013-0020). Male
IH mice of grade of specific pathogen free with body weight (BW)
f 20.0 ± 2.0 g were used for the evaluation of anti-inflammatory
ctivities of BCP. The mice were kept in the conditions of room
emperature (25 ± 2 ◦C), humidity (55 ± 10)%, 12 h light and dark
ycle. They were allowed free access to drinking water and standard
ellet diet. All procedures were conducted in strict accordance with
he Chinese legislation on the use and care of laboratory animals
uring the entire experimental period.

.8.2. Determine the dose of BCP
Dosage of ibuprofen in positive control mice was obtained

ccording to an equivalent conversion for adult clinical conven-
ional dosage. Compared to the positive control of ibuprofen, the
oncentration of BCP in medium-dose group was defaulted as the
quals of ibuprofen dosage. For the center with concentration
f BCP in medium-dose group, its concentration in the low-dose
roup and high-dose group was respectively chose based on the

xperimental results of dose-effect relationship and side effects. As
esults, concentration of BCP in the low-dose, medium-dose and
igh-dose group were determined as 100, 200 and 400 mg/kg of
ody weight (BW), respectively.
2.8.3. Xylene induced ear oedema
After a 7-day acclimation, mice were randomly divided into

five different groups with 10 mice in each group. Mice in model
group (Group I) was given the same dose of deionized water. Mice
in positive control group (Group II) were treated with ibuprofen
(200 mg/kg BW per day). Mice in Group III ∼ V treated by BCP-1
with the dosage of 100, 200 and 400 mg/kg BW per day, respec-
tively. Mice in Group VI ∼ VIII treated by BCP-2 with the dosage of
100, 200 and 400 mg/kg BW per day, respectively. All treatments
were conducted by gastric gavage for 7 consecutive days. After-
wards, all mice were fast but can still drink water freely for 8 h
before the experiment. All mice were applied with 20 �l xylene
evenly on the anterior and posterior surface of right ear 0.5 h after
the last administration. 30 min  after xylene application, mice were
sacrificed and both ears were removed. The same parts of left and
right ears were removed by a 5 mm cork borer, and the removed ear
pieces were weighed and recorded. The weight difference between
right and left ear was calculated as inflammatory swelling index.
The inhibitory rate of ear swelling was calculated according to the
formula below:

Inhibitoryrateofearswelling(%) = (w1 − w2)/w1 × 100 (4)

where w1 is the weight of right ear piece, w2 is the weight of left
ear piece.

2.8.4. Vascular permeability increased by acetic acid in mice
The dosage of ibuprofen and animal management were the same

with Section 2.8.3. Afterwards, feeding was stopped but water was
given without restriction for 8 h before the experiment. Intravenous
injection of 0.5% Evans blue solution (0.1 ml/10 g) was given in each
mouse’s tail, followed by intraperitoneal injection of 0.8% acetic
acid solution (0.2 ml/10 g). Thirty minutes after i.p. administration
of acetic acid, mice were sacrificed. Their abdomens were opened
to expose the entrails, and washed with normal saline (5 ml),
which was then collected and centrifuged for 5 min (1500 rpm).
The absorbance of the supernatant was detected at 590 nm.  The

inhibition of the increase of abdominal capillary permeability was
calculated according to the formula below:

Inhibitoryrateofpermeabilityincrease(%) = (c1 − c2)/c1 × 100 (5)
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here c1 was the concentration of Evans blue solution of the model
roup, c2 was the concentration of Evans blue solution of adminis-
ration group.

.9. Statistical analysis

All statistical analyses were carried out by SPSS for Windows,
ersion 18.0 (SPSS, Chicago, IL). Experimental values are expressed
s mean ± standard deviation (SD) and evaluated by one-way anal-
sis of variance (ANOVA) followed by the Duncan’s multiple-range
ests.

. Results and discussion

.1. Model fitting and optimization for extraction of BCP

.1.1. Model fitting
Using multiple regression analysis on experimental data by the

esign Expert version 8.0.0, the correlation between response vari-
bles and the extraction yield of BCP was associated with the
ollowing second-order polynomial equation:

Y = −16.28050 − 0.31210X1 + 0.36565X2 + 1.07600X

3 − 0.009X1X2 − 0.0096X1X3 − 0.0022X2X3 + 0.021160X1
2

− 0.00021X2
2 − 0.012440X3

2

The variance of the quadratic regression model showed that the
etermination coefficient (R2) was 0.9248. Meanwhile, coefficient
f the variation was 0.66, which indicated the high level of precision
nd a large number of experimental data were very reliable. The
alues of regression coefficient in second-order polynomial equa-
ion were listed in Table 2. The smaller the P-value is, the more
ignificant the corresponding coefficient is. Accordingly, X1, X1X2,
1

2 and X3
2 were significant (P < 0.05).

.1.2. Optimization for extraction of BCP
Process variables and corresponding experimental data were

hown in Table 1. And the response surface plots and contour plots
s shown in Fig. 1. Through the calculation of Design-Expert, the
ptimal extraction parameters the extraction of BCP were extrac-
ion temperature 60.0 ◦C, extract 35.0 min  and ratio of water to
aw material 24.5 ml/g. Under these conditions, the maximum pre-
icted yield of BCP was 8.43%, which was well consistent with the
ctual extraction yield (8.37 ± 0.36%, n = 3).

.2. Separation and purification of BCP

Crude BCP was extracted by the optimal extraction conditions,
nd then it was separated through DEAE-52 cellulose. As shown
n Fig. 2, two different elution peaks (F1 and F2) were appeared
nd collected, then these two fractions were filtered by Sephadex
-100, respectively. One single elution peak means F1 and F2 were
omogeneous component. These two purified products called BCP-

 and BCP-2, and then collected. The yields of BCP-1 and BCP-2 were
3.2% and 9.7%, respectively.

.3. Characterization of BCP
.3.1. Contents of carbohydrate, sulfate, protein and uronic acid
n BCP

The contents of carbohydrate, sulfate, protein and uronic acid
n BCP-1 and BCP-2 were shown in Table 3. The content of carbo-
ydrate in BCP-1 and BCP-2 were 89.71% and 92.56%, respectively,
l Macromolecules 93 (2016) 879–888 883

while BCP-2 contained the higher amount of sulfate, protein and
uronic acid.

3.3.2. Monosaccharide composition of BCP
As shown in Table 3, Fig. 3A and B, BCP-1 and BCP-2 was  mainly

composed of glucose, arabinose and galactose. In addition, the con-
tent of galactose in BCP-2 was relatively higher than that in BCP-1.

3.3.3. Molecular weights of BCP
As shown in Fig. 3C, the standard regression curve equation was

log Mw = −0.2017t + 9.8758, r = 0.9949 (t was  the retention time,
min). By the calculation of regression curve, the average molecular
weights of BCP-1 and BCP-2 were 11.6 and 26.7 KDa, respectively.

3.3.4. FT-IR spectrum of BCP
As shown in Fig. 3D, the broad and strong peak around

3415 cm−1 in infrared spectrum was  hydroxyl groups’ stretching
vibration [18]. The weak peaks around 2930 cm−1 and 1320 cm−1

were the C H asymmetric stretching vibration [19]. The peak
around 1612 cm−1 was assigned to the C O asymmetric stretching
vibration absorption peak [20]. The strong and extensive absorp-
tion peak around 1000–1200 cm−1 were the stretching vibrations of
C O C glycosidic and C OH side groups band vibrations [21]. The
above absorption peaks were characteristic absorptions of polysac-
charides. Furthermore, peak around 1071 cm−1 was absorption of
furan glycosides [22]. The absorption peak at 854 cm−1 was indi-
cating that �-type glycosidic linkages existing in BCP.

3.4. Antioxidant activity in vitro of BCP

3.4.1. Superoxide radical scavenging activity of BCP
Polymorphonuclear neutrophils and macrophage would pro-

duce reactive oxygen species in phagocytosis or by other factors
after stimulation. Reactive oxygen species could promote the
chemotactic migration of white blood cells, lead to lysosomal
rupture and increase vascular permeability, and then produce an
inflammatory response [16]. Therefore, inhibiting the formation
of active oxygen is one of the mechanisms of anti-inflammatory
drugs [23]. Generally, the model of evaluation antioxidant activity
includes scavenge activity of superoxide radical, reductive poten-
tial, ferrous ion chelating ability, etc [24].

As showed in Fig. 4A, BCP-1 and BCP-2 all showed ideal
ability of scavenging superoxide radical. And their antioxi-
dant activities were positively correlated with the concentration
(0.04–2.0 mg/ml). Among these, BCP-2 showed strongest scaveng-
ing ability of superoxide radical at each concentration. After the
concentration of 500 �g/ml, scavenging ability of BCP-1 and BCP-2
would not significantly increase and trend to be similar.

3.4.2. Reductive potential of BCP
As shown in Fig. 4B, at concentration of 40- 240 �g/ml, the

reducing power of BCP-1 and BCP-2 were enhanced. When the con-
centrations were higher than 120 �g/ml, the reductive activity of
Vc was much stronger than that of BCP-1 and BCP-2. Beside these,
the reductive activity of BCP-2 was higher than that of BCP-1.

3.4.3. Ferrous ion chelating ability of BCP

Fig. 4C showed ferrous ion chelating activities of BCP. The ferrous

ion chelating activity of BCP-1 and BCP-2 were correlated with the
concentration from 0.04 to 0.4 mg/ml. When the concentrations
were higher then 0.4 mg/ml, the ferrous ion chelating activities of
BCP-1 and BCP-2 were not increased.
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heir  mutual effects on the extraction yield of BCP.

.5. Anti-inflammatory experiment of BCP in vitro

.5.1. Cytotoxicity of BCP-1 and BCP-2
Cytotoxicity of BCP-1 and BCP-2 on RAW264.7 cells were tested
efore to evaluate the anti-inflammatory activity. As shown in
ig. 5A, both BCP-1 and BCP-2 showed no obvious cytotoxicity on
AW264.7 cells at concentrations 20–160 �g/ml. Therefore, BCP-
ects of extraction temperature, extraction time and ratio of water to raw material

1 and BCP-2 at the indicated concentrations of 20, 40, 80 and
160 �g/ml were selected to conduct assay of anti-inflammatory
activity.
3.5.2. Effect of BCP on the release of NO from LPS stimulated
RAW264.7 cells

The role of nitric oxide in the body has dual nature, which is
both has ability to protect and damage [25]. NO produce by induced
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Fig. 2. Separatio

nzyme distributed in the macrophages and inflammatory neu-
rophils mainly to play a toxic role. Therefore, it is important to
egulate the synthesis and release of NO, reduce the cytotoxicity in
he treatment of inflammatory diseases.

As shown in Fig. 5 B, compared with the blank control group
Group I), the model group released a large amount of NO (P < 0.05).
fter treatment by BCP, the NO secretion was decreased. And with

he increase of BCP dose, the amount of NO secretion decreased.
O secretion was significantly reduced (P < 0.05) after BCP concen-

rations exceeded 40 �g/ml. This may  be related to the inhibition
f the activation of macrophages and the release of inflammatory
ytokines associated with iNOS expression.

.5.3. Effect of BCP on the secretion of inflammatory cytokines in
PS stimulated RAW264.7 cells

TNF-� is a major proinflammatory cytokine produced by
acrophages in the inflammatory response [26]. It can regulate

ell growth, differentiation and proliferation. In addition, it also
an regulate the immune response and participate in a variety of

nflammatory responses. IL-6 has outstanding contributions in both
nnate and acquired immunity. It can regulate the differentiation
nd activation of T lymphocytes, induce the activation of helper T
ells, maintain the balance between regulatory T cells and helper
 diagram of BCP.

T cells, and play an important role in chronic inflammation. IL-8 is
also a common proinflammatory cytokine. Generally, the inflam-
matory response induced by TNF, IL-1, and IL-6 is mainly because
they induce the production of IL-8 [27].

As shown in Fig. 5C–E, BCP-1 and BCP-2 had a significant effect
on the secretion of inflammatory cytokines stimulated by LPS
in RAW264.7 cells. Compared with model control group, BCP-1
and BCP-2 could significantly inhibit LPS stimulated RAW264.7
cell secretion of TNF-�, IL-6 and IL-8 when the concentration
in range from 20 to 160 �g/ml. These results indicated that, the
anti-inflammatory effects of BCP-1 and BCP-2 were related to the
inhibition of the expression of proinflammatory cytokines.

3.6. Anti-inflammatory experiment of BCP in vivo

3.6.1. Effect on xylene induced ear oedema
The results present in Table 4 showed that six doses of BCP-1

and BCP-2 all exerted anti-inflammatory effect in this model. Their

inhibition rate was  significantly increased with the increase of dose.
There was  a significant dose effect relationship between the dose
and the inhibition rate. At the dose of 400 mg/kg, the inhibition rate
of BCP-1 and BCP-2 was as high as 43.90% and 46.34, respectively.
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Fig. 3. GC chromatogram of monosaccharide of BCP-1 (A) and BCP-2 (B), HPLC chromatogram (C) and FT-IR spectra of BCP (D).
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Fig. 5. (A) Effects of BCP-1 and BCP-2 on proliferation of RAW264.7 cells; (B) Effect
ig. 4. Scavenging effects onsuperoxide radical (A), reductive potential (B) and Fer-
ous metal ions chelating activity (C) of BCP-1 and BCP-2.

owever, their inhibitory activity was lower than that of ibuprofen
t the same dose.

.6.2. Effect on vascular permeability increase
Effect of BCP-1, BCP-2 and ibuprofen on vascular permeability

nduced by acetic acid were presented in Table 4. Compared with
he model group, the vascular permeability was significantly inhib-
ted in the experimental groups (P < 0.01). The inhibitory effect was
orrelated with the dose, in which high dose group (400 mg/kg) pre-
ented significantly higher inhibitory ability (P < 0.01) than medium
ose (200 mg/kg) and low dose group (100 mg/kg). Besides, the

nhibitory effect of BCP-2 was better than BCP-1, but there was no
ignificant difference (P > 0.05).

A large number of literatures reveal that bioactivities of polysac-
haride are related to their own properties, such as main-chain
onfiguration, monosaccharide compositions, relative molecular
eight, types of glycosidic bond, and spatial configuration [28].

n terms of anti-inflammatory activity, polysaccharides from the
ame parts of the same plant, although their molecular weight

nd the composition of the monosaccharide were different, their
nti-inflammatory activity had no significantly difference [29,30].
n addition, the presence of sulfate in the polysaccharides has a cer-
ain effect on the anti-inflammatory activity. For instance, sulfated

of  BCP on the secretion of NO in LPS induced RAW264.7 cells. Effects of BCP on the
secretion of TNF-� (C), IL-6 (D) and IL-8 (E) in LPS induced RAW264.7 cells. Values
are  presented as means ± SD (n = 3). Superscript mark designate as a significant dif-
ferences. * P < 0.05 compared with the blank control group. # P < 0.05 compared with
the model control group.
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[28] S. Li, Q. Xiong, X. Lai, X. Li, M.  Wan, J. Zhang, Y. Yan, M.  Cao, L. Lu, J. Guan,
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odified polysaccharide of Pleurotus eryngii,  its anti-inflammatory
ctivity was significantly better than that of the unmodified one
31]. Our research also found that, BCP-2 had relatively more sulfu-
ic acid, and its anti-inflammatory activity was better than BCP-1.

. Conclusion

In the present study, two purified polysaccharides (BCP-1 and
CP-2) were extracted, separated and purified from Baphica-
anthis Cusiae Rhizoma et Radix. Then, BCP-1 and BCP-2 were
haracterized by gas chromatography, high performance liquid
hromatography and FT-IR. The results showed that BCP-2 had the
elatively higher contents of sulfuric radical and uronic acid. In
ddition, the average molecular weights of BCP-1 and BCP-2 were
1.6 and 26.7 KDa, with the mainly composed of glucose, arabi-
ose and galactose. Furthermore, BCP-1 and BCP-2 exhibited strong
uperoxide radical scavenging activity, reductive potential and fer-
ous ion chelating activity. For anti-inflammatory activity in vitro,
CP-1 and BCP-2 could exert their anti-inflammatory effect by

nhibiting the secretion of NO and the expression of inflammatory
ytokines in LPS-stimulated macrophages. For anti-inflammatory
ctivity in vivo, BCP-1 and BCP-2 could significantly inhibit mice
ar edema induced by xylene, and vascular permeability increase
nduced by intraperitoneal injection of acetic acid. These results
uggest that BCP-1 and BCP-2 might be the active site that plays
he role of anti-inflammatory, and they could be a new source of
atural anti-inflammatory with potential value in supplements and
edicine.

cknowledgement

This research is partly supported by “2015 Special Funds from

uangdong Province for the Construction of High Level Univer-
ity (Grant No. 2050205)”. Hong Kong, Macao, and Taiwan Science
nd Technology Cooperation Projects of Ministry of Science and
echnology of China (No. 2014DFH30010).

[
[
[

l Macromolecules 93 (2016) 879–888

References

[1] C.P. Committee, China Medical Science and Technology Press, Beijing, China
(2010) 229.

[2] S. Li, Y. Chen, D. Zhang, Med. Plants 4 (2013) 44–46.
[3] Y. Ni, R. Song, S. Kokot, Spectrochim. Acta A 96 (2012) 252–258.
[4] X. Sun, J. Sheng, D. Wang, J. Guangxi Norm. Univ. (Nat. Sci.) 4 (2008) 66–69.
[5] D. Luo, Z. Qiu, Progr. Mod. Biomed. 14 (2010) 2720–2722.
[6] M.  Zhang, D. Zhu, Progr. Vet. Med. 3 (2008) 32–35.
[7] X. Hou, W.  Chen, Carbohydr. Polym. 72 (2008) 67–74.
[8] Y. Han, J. Wu,  T. Liu, Y. Hu, Q. Zheng, B. Wang, H. Lin, X. Li, Int. J. Biol.

Macromol. 83 (2016) 42–49.
[9] K. Dodgson, R. Price, Biochem. J. 84 (1962) 106.
10] N. Blumenkrantz, G. Asboe-Hansen, Anal. Biochem. 54 (1973) 484–489.
11] M.M.  Bradford, Anal. Biochem. 72 (1976) 248–254.
12] D. Zhang, S. Li, Q. Xiong, C. Jiang, X. Lai, Carbohydr. Polym. 95 (2013) 114–122.
13] W.  Liao, Z. Luo, D. Liu, Z. Ning, J. Yang, J. Ren, J. Agr, Food Chem. 63 (2015)

535–544.
14] S. Li, D. Zhang, J. Wu,  X. Li, J. Zhang, M.  Wan, X. Lai, Int. J. Biol. Macromol. 80

(2015) 16–22.
15] C. Liu, C. Wang, Z. Xu, Y. Wang, Process Biochem. 42 (2007) 961–970.
16] C. Lu, W.  Zhu, M.  Wang, M.  Hu, W.  Chen, X. Xu, C. Lu, Carbohydr. Polym. 122

(2015) 428–436.
17] D. Yao, A.G. Vlessidis, N.P. Evmiridis, Microchim. A 147 (2004) 1–20.
18] C. Jiang, Q. Xiong, S. Li, X. Zhao, X. Zeng, Carbohydr. Polym. 115 (2015)

200–206.
19] F. Lai, Q. Wen, L. Li, H. Wu,  X. Li, Carbohydr. Polym. 81 (2010) 323–329.
20] Q. Xiong, Y. Jing, X. Li, S. Zheng, X. Wang, S. Li, Q. Zhang, Y. Hu, Y. Shi, Y. Wang,

Int. J. Biol. Macromol. 78 (2015) 324–332.
21] A.S. Barros, I. Mafra, D. Ferreira, S. Cardoso, A. Reis, J.A. Lopes da Silva, I.

Delgadillo, D.N. Rutledge, M.A. Coimbra, Carbohydr. Polym. 50 (2002) 85–94.
22] B. Wang, Int. J. Biol. Macromol. 48 (2011) 386–391.
23] C. Kontogiorgis, D. Hadjipavlou-Litina, J. Enzym. Inhib. Med. Chem. 18 (2003)

63–69.
24] M.B. Korycka-Dahl, T. Richardson, C.S. Foote, Crit. Rev. Food Sci. Nutr. 10

(1978) 209–241.
25] A.W. Carpenter, M.H. Schoenfisch, Chem. Soc. Rev. 41 (2012) 3742–3752.
26] J.J. Young, D. Bruno, N. Pomara, J. Affect. Disorders 169 (2014) 15–20.
27] Z.C. Hartman, G.M. Poage, P. Den Hollander, A. Tsimelzon, J. Hill, N.

Panupinthu, Y. Zhang, A. Mazumdar, S.G. Hilsenbeck, G.B. Mills, Cancer Res. 73
(2013) 3470–3480.
Compr. Rev. Food Sci. F 15 (2016) 237–250.
29] H. Zhang, L. Ye, K. Wang, Carbohydr. Polym. 81 (2010) 953–960.
30] C. Liao, J. Lin, Food Chem. 135 (2012) 1818–1827.
31] S. Li, N.P. Shah, J. Funct. Foods 23 (2016) 80–86.

http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0055
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0055
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0055
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0055
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0055
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0055
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0055
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0055
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0055
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0110
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0110
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0110
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0110
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0110
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0110
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0110
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0110
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0110
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0110
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0110
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30807-8/sbref0155

	Extraction, characterization and bioactivities of novel purified polysaccharides from Baphicacanthis Cusiae Rhizoma et Radix
	1 Introduction
	2 Materials and methods
	2.1 Materials and reagents
	2.2 Preparation of crude BCP
	2.3 BBD for the extraction of BCP
	2.4 Purification of BCP
	2.5 Characterization of BCP
	2.5.1 Chemical analysis of BCP
	2.5.2 Determination of monosaccharide compositions
	2.5.3 Determination of molecular weights of BCP
	2.5.4 FT-IR analysis of BCP

	2.6 Antioxidant activities in vitro of BCP
	2.6.1 Assay of superoxide radical scavenging activity
	2.6.2 Assay of reductive potential
	2.6.3 Ferrous metal ions chelating activity

	2.7 7 In vitro anti-inflammatory effects of BCP
	2.7.1 Cell culture and cytotoxicity assay
	2.7.2 Model establishment
	2.7.3 Determination the level of nitric oxide (NO)
	2.7.4 Determination the level of inflammatory cytokine

	2.8 Methods for testing acute inflammation of BCP in vivo
	2.8.1 Experimental animals
	2.8.2 Determine the dose of BCP
	2.8.3 Xylene induced ear oedema
	2.8.4 Vascular permeability increased by acetic acid in mice

	2.9 Statistical analysis

	3 Results and discussion
	3.1 Model fitting and optimization for extraction of BCP
	3.1.1 Model fitting
	3.1.2 Optimization for extraction of BCP

	3.2 Separation and purification of BCP
	3.3 Characterization of BCP
	3.3.1 Contents of carbohydrate, sulfate, protein and uronic acid in BCP
	3.3.2 Monosaccharide composition of BCP
	3.3.3 Molecular weights of BCP
	3.3.4 FT-IR spectrum of BCP

	3.4 Antioxidant activity in vitro of BCP
	3.4.1 Superoxide radical scavenging activity of BCP
	3.4.2 Reductive potential of BCP
	3.4.3 Ferrous ion chelating ability of BCP

	3.5 Anti-inflammatory experiment of BCP in vitro
	3.5.1 Cytotoxicity of BCP-1 and BCP-2
	3.5.2 Effect of BCP on the release of NO from LPS stimulated RAW264.7 cells
	3.5.3 Effect of BCP on the secretion of inflammatory cytokines in LPS stimulated RAW264.7 cells

	3.6 Anti-inflammatory experiment of BCP in vivo
	3.6.1 Effect on xylene induced ear oedema
	3.6.2 Effect on vascular permeability increase


	4 Conclusion
	Acknowledgement
	References


