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a  b  s  t  r  a  c  t

Ellagitannins  are  well-known  antioxidants  in medicinal  plants,  foods,  and  edible  fruits,  particularly  in
Myrciaria  cauliflora  (jabuticaba).  Thus,  this study  aimed  to evaluate  the protective  effects  of  jabuticaba
seed  extract  (JSE)  and  pedunculagin  using  in  vivo  micronucleus  test  and  comet  assay  in  mouse  bone
marrow  cells,  in  combination  with  cyclophosphamide  (CP), a bioreductive  alkylating  agent.  The  ellagi-
tannin  composition  of JSE  was  determined  by HPLC/PDA,  with  castalagin,  vescalagin,  and  pedunculagin
as  the  main  compounds  (124.4,  45.5,  and  15.6  mg/g  dw,  respectively).  Results  from  pre-  and  co-  treat-
eywords:
llagitannins
icronucleus test

omet assay
aboticaba
ntigenotoxic effect

ments  with  JSE  or pedunculagin  clearly  showed  their  protective  action  against  CP-induced  micronuclei
and  DNA  damage.  The  effects  of  both  tannins  in post-treatments  with  CP  suggested  they  influence  DNA
repair systems.  These  findings  indicate  that  JSE  and  pedunculagin  possess  chemopreventive  as well  as
DNA  repair-inducing  properties.

©  2016  Elsevier  B.V.  All  rights  reserved.
NA repair

. Introduction

Vegetable tannins are plant-derived natural products that may
ccur in almost any part of a plant − seeds, leaves, fruits, root,
ark, and wood [1]. It is believed that the regular consumption
f fruits and vegetables with high levels of polyphenols is ben-
ficial to human health because of their strong antioxidant and
nti-inflammatory activities, which reduce the risk of age-related
egenerations and diseases [2].

Tannins are oligomeric and polymeric polyphenols with a wide
ange of chemical structures, generally classified into two major
roups depending on the structure of the monomer: (1) proantho-
yanidins (condensed tannins) formed through the condensation of
avan-3-ols (catechins), (2) gallo- and ellagitannins (hydrolysable
annins), which are polyesters with a sugar moiety (mainly d-

lucose) and organic acids, gallic acid, and hexahydroxydiphenic
cid [2].

∗ Correspondence to: Laboratório de Bioatividade Molecular, Instituto de Química,
niversidade Federal de Goiás, 74690-900 Goiânia, GO, Brazil.

E-mail address: suzana.quimica.ufg@hotmail.com (S.d.C. Santos).

ttp://dx.doi.org/10.1016/j.mrgentox.2016.10.001
383-5718/© 2016 Elsevier B.V. All rights reserved.
Ellagitannins possess many biological properties, including
antioxidant, anticancer and anti-inflammatory activities [3–6]. Sev-
eral species belonging to the Myrtaceae family are a rich source of
ellagitannins [7], among them Myrciaria cauliflora (Mart.) O. Berg.,
a Brazilian tree that bears an edible, purplish-black sweet fruit
known as jabuticaba [8]. It has a slightly acid taste and is consumed
in natura or processed as jam, juice, liqueur, and wine [9]. The sun-
dried jabuticaba peel is used in popular medicine as a treatment for
hemoptysis, cough, bronchitis, asthma, diarrhea, and dysentery, as
well as a rinse for chronic throat inflammation [10]. Several phe-
nolic compounds, such as flavonoids, anthocyanins, depsides, and
phenolic acids have been previously isolated from the jabuticaba
fruit [9]. Seven ellagitannins were detected and tentatively iden-
tified by LC-TOF-MS, and only two of them, isooenothein C and
oenothein C, were isolated from the fruits [11,12].

Since there is an increasing interest in ellagitannins’ beneficial
effects on human health and on preventing age-related diseases,
the investigation of their antigenotoxic potential may  provide
information to subsidize the development of new chemopreventive

compounds [1,2].

Many tests assess the genotoxicity and antigenotoxicity of com-
pounds, among them the micronucleus (MN) test and the comet

dx.doi.org/10.1016/j.mrgentox.2016.10.001
http://www.sciencedirect.com/science/journal/13835718
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ssay in mouse bone marrow cells, both widely used and accepted
y international regulatory agencies to evaluate new chemicals and
harmaceuticals [13]. The MN  test assesses compounds’ clasto-
enic and aneugenic actions, as well as their cytotoxic potential
14]. The comet assay is a suitable method for detecting a wide
ange of DNA breaks in eukaryotic cells, for it measures single- and
ouble-strand breaks, incomplete excision repair sites, and alkali-

abile sites [15,16].
Thus, the aim of this study was to evaluate the genotoxic

nd cytotoxic activities of the jabuticaba seed extract (JSE) via
he MN  test and the comet assay in mouse bone marrow cells.
n addition, both tests assessed the chemopreventive effects of
SE and pedunculagin isolated from the jabuticaba seed against
yclophosphamide-induced micronuclei and DNA damage, using
re-, co-, and post-treatments.

. Materials and methods

.1. General experimental information

Column chromatography was run using Diaion HP-20 (Supelco)
r Sephadex LH-20 (Sigma-Aldrich). Analytical TLC was carried
ut with Silica gel 60 F254 (Merck) plates, using formic acid-ethyl
ormiate-toluene (1:7:1) as the mobile phase. TLC spots were visu-
lized by spraying plates with a 1% ethanolic solution of ferric
hloride in HCl (0.1%) and UV light. All NMR  experiments were
ecorded on a Bruker Avance III 500 spectrometer operating at
00.13 MHz  for 1H and 125 MHz  for 13C, using TMS  as internal ref-
rence. ESI-TOF MS  spectra were recorded on a Bruker microTOF
nstrument.

.2. Chemicals

Cyclophosphamide (CP) was purchased from Hera Medica-
entos (Belo Horizonte, Brazil). Fetal calf serum was  obtained

rom Laborclin (Campinas, Brazil), and dibasic sodium phosphate,
onobasic sodium phosphate and Giemsa were purchased from
oles (Goiânia, Brazil). Agarose normal melting, agarose low
elting, phosphate buffered saline (PBS), Triton X-100, dimethyl

ulfoxide (DMSO), Stock Lysis solution, Tris-HCl buffer and ethid-
um bromide, reagents used in the comet assay, were purchased
rom Genética Brasil (Brasília, Brazil) and Life Technologies (São
aulo, Brazil).

.3. Plant material and preparation of JSE

M.  cauliflora ripe fruits were collected in Jabuticabal Farm (S
6◦49′53′′, W 49◦14′45′′), Goiás State, Brazil, in October 2011. Fresh
eeds (1.8 kg) were homogenized in a blender with water, then
ere exhaustively extracted with 50% acetone, using an overhead

tirrer apparatus at room temperature. The acetone was removed
nder reduced pressure and the suspended aqueous extract was
ltered. Following, a liquid–liquid extraction with ethyl acetate
14 × 50 mL)  was carried out. The combined organic phase was
vaporated to yield an ethyl acetate extract (0.63 g). The aqueous
ayer was freeze-dried to yield a 57.1 g extract (JSE).

.4. Isolation and identification of pedunculagin

Part of JSE (52.1 g) was dissolved in methanol (2.0 L) to sepa-
ate soluble (21.5 g) and insoluble (7.1 g) methanolic extracts. The

oluble methanolic extract was subjected to Diaion HP-20 column
hromatography (200 g) and eluted with a decreasing polarity gra-
ient of H2O/MeOH. Seven main fractions were combined, and
raction JSM 4 (1.1 g) was subjected to Sephadex LH-20 CC (elut-
earch 810 (2016) 40–47 41

ing with an increasing polarity gradient of CHCl3/EtOH followed by
EtOH/MeOH) to give pedunculagin as pure compound (321 mg).

2.5. Quantification of ellagitannins in JSE and isolation of
castalagin/vescalagin (HPLC/PDA)

The chromatographic system used was a Shimadzu LC-10AVP
with two  LC-10ADvp solvent delivery units (Shimadzu Corp., Japan)
connected to an SPD-10AVvp ultraviolet photodiode array detector.
Chromatographic separations were performed using a LiChrospher
100 RP-18 (5 �m),  25 cm × 0.4 cm i.d. (Merck Millipore, Billerica,
MA,  USA). The mobile phase consisted of acetonitrile (solvent A)
and 0.01 M H3PO4: 0.01 M KH2PO4 (solvent B) with the following
gradient profile: 0–15 min, 7–10% A in B; 15–40 min, 10–50% A in B,
then followed by a 5 min  re-equilibration. Analyses were conducted
using a 1.0 mL/min flow rate, detector wavelength at 216 nm,  and
sample injection volume of 20 �L.

Identification of compounds was  made by comparing their RT
values and UV spectra against those of standards (pedunculagin,
vescalagin and castalagin). Vescalagin and castalagin were purified
from JSE by semi-preparative HPLC (Shim-pack PREP-ODS(H) col-
umn, 25 × 2 cm,  5 �m,  Shimadzu Corp., Japan, and injection volume
of 2 mL)  using the same eluent gradients as the analytical program.
Quantification was  based on the measured integration area apply-
ing the calibration equation of the corresponding standard. The
concentrations used for the calibration were 2.5–100, 1–264 and
4–936 �g/mL for pedunculagin, vescalagin and castalagin, respec-
tively.

2.6. Spectral data of the isolated compounds

Pedunculagin (1) is a mixture of �-anomer and ˇ-anomer. Light
brown amorphous powder, ESI-TOF MS:  m/z 783.0671 [M-H]−

(calc. for C34H23O22, 783.0686). 1H NMR  (acetone-d6, 500 MHz),
�: 3.79 (1H, dd, J = 13, 2 Hz, H-6�), 3.85 (1H, dd, J = 13, 1 Hz, H-6�),
4.22 (1H, dd, J = 10, 6 Hz, H-5�), 4.61 (1H, dd, J = 10, 7 Hz, H-5�), 4.86
(1H, dd, J = 9, 8 Hz, H-2�), 5.06 (1H, d, J = 8 Hz, H-1�), 5.07 (1H, dd,
J = 10, 4 Hz, H-2�), 5.08 (1H, t, J = 10 Hz, H-4�), 5.08 (1H, t, J = 10 Hz,
H-4�), 5.24 (1H, dd, J = 10, 9 Hz, H-3�), 5.26 (1H, dd, J = 13, 7 Hz, H-
6�), 5.30 (1H, dd, J = 13, 6 Hz, H-6�), 5.46 (1H, d, J = 4, H-1�), 5.47
(1H, t, J = 10 Hz, H-3�), 6.33 and 6.52 (2H, s, HHDP-6′′/6′′�), 6.34 and
6.57 (2H, s, HHDP-6′′/6′′�), 6.60 and 6.67 (2H, s, HHDP-6′′/6′′�), 6.61
and 6.66 (2H, s, HHDP-6′′/6′′�). 13C NMR  (acetone-d6, 125 MHz), �:
63.6 (2C, C-6�/�), 67.5 (C-5�), 69.7 (C-4�), 69.9 (C-4�), 72.6 (C-5�),
75.6 (C-2�), 75.9 (C-3�), 77.7 (C-3�), 78.5 (C-2�), 91.8 (C-1�), 95.4
(C-1�), 107.3, 107.4, 107.6, 107.7, 107.8, 107.9, 108.4 and 108.5 (8C,
HHDP-6′′/6′′�/�).

Castalagin (2) white amorphous powder, ESI-TOF MS:  m/z
933.0631 [M-H]− (calc. for C41H25O26, 933.0640). 1H NMR
(acetone-d6, 500 MHz), �: 4.01 (1H, d, J = 13 Hz, H-6), 5.03 (1H, dd,
J = 7.0, 1.4 Hz, H-3), 5.04 (1H, dd, J = 4.7, 1.4 Hz, H-2), 5.10 (1H, dd,
J = 13, 2.6 Hz, H-6), 5.24 (1H, dd, J = 7.4, 7.0 Hz, H-4), 5.62 (1H, ddd,
7.4, 2.6, 1.0 Hz, H-5), 5.74 (1H, d, J = 4.7 Hz, H-1), 6.64 (1H, s, H-6′,
HHDP B), 6.79 and 6.91 (2H, s, H-6′ HHDP A and Flavogalloyl C). 13C
NMR (acetone-d6, 125 MHz), �: 64.5 (C-6), 65.6 (C-3), 66.7 (C-1),
68.6 (C-4), 70.4 (C-5), 73.3 (C-2).

Vescalagin (3) white amorphous powder, ESI-TOF MS:  m/z
933.0562 [M-H]− (calc. for C41H25O26, 933.0642). 1H NMR
(acetone-d6, 500 MHz), �: 4.01 (1H, d, J = 13 Hz, H-6), 4.58 (1H, dd,
J = 7.0, 1.5 Hz, H-3), 4.92 (1H, d, J = 2.3 Hz, H-1), 5.10 (1H, dd, J = 13,
2.6 Hz, H-6), 5.22 (1H, dd, J = 7.4, 7.0 Hz, H-4), 5.24 (1H, dd, J = 2.3,

1.5 Hz, H-2), 5.65 (1H, ddd, 7.4, 2.6, 1.0 Hz, H-5), 6.63 (1H, s, H-6′,
HHDP B), 6.79 and 6.79 (2H, s, H-6′ HHDP A and Flavogalloyl C). 13C
NMR (acetone-d6, 125 MHz), �: 64.5 (C-6), 64.6 (C-1), 67.7 (C-3),
68.6 (C-4), 70.4 (C-5), 77.0 (C-2).
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.7. Animal testing

.7.1. General
This study was approved by the Ethics Committee on Animal Use

f the Federal University of the Goiás, Goiânia (protocol no. 115/14).
he experiments followed national and international standards of
anagement and experimentation with animals [17,18]. Healthy,

oung, male adult outbred mice (Mus  musculus, Swiss Webster),
etween 7 and 12 weeks old, weighing 30–40 g, obtained from the
nimal facilities of the same university, were randomly allocated
o treatment groups. All animals were brought to the laboratory
ve days before the experiments and housed in polyethylene cages
40 cm × 30 cm × 16 cm), lined with wood shavings, in groups of
ve animals at 25 ± 2 ◦C and 50 ± 10% relative humidity, with a 12-

 light/dark natural cycle. Standard food pellets and water were
rovided ad libitum.

.7.2. Protocol in vivo
The mice were randomized into control and experimental

roups, divided in thirteen groups of five animals each and weighed
efore chemical administration. Diluted JSE and pedunculagin, and
he negative control (water) were given by gavage, whereas CP
as administrated intraperitoneally (i.p.). Doses of JSE (30 and

00 mg/kg) were based on a previous micronucleus test performed
ith jabuticaba peel extract [31]. The lowest dose was  selected for
edunculagin (30 mg/kg) to avoid acute toxicity in mice during pre-
reatment. Animals in group 1 received 0.15 mL  of water that was
sed as negative control, and animals in group 2 received 50 mg/kg
f CP according to body weight (bw) by single administration and
erved as positive control.

.7.2.1. Treatment and co-treatment. Aanimals in group 3 were
reated with 300 mg/kg of JSE in order to evaluate the genotoxi-
ity. Animals in groups 4 and 5 were respectively treated with JSE
t doses 30 and 300 mg/kg concomitant with CP. Animals in group
1 were treated with 30 mg/kg of pedunculagin concomitant with
P.

.7.2.2. Treatment and pre-treatment. Animals in group 6 received
nly JSE at 300 mg/kg for five days to evaluate the genotoxicity.
nimals in groups 7, 8 and 12 were treated for five days with 30
nd 300 mg/kg JSE and 30 mg/kg of pedunculagin, respectively, fol-
owed by CP 2 h after the final feeding.

.7.2.3. Post-treatment. Animals in group 9, 10 and 13 were firstly
reated with CP, then after 2 h they received doses of JSE at 30 and
00 mg/kg, and pedunculagin at 30 mg/kg

All groups of animals treated with CP were euthanized by cervi-
al dislocation 24 h after administration of CP while the animals
hat received JSE alone were euthanized 24 h after the its last
dministration. Both femurs were immediately removed and pro-
essed for the micronucleus test and comet assay. Bone marrow
ells from both femurs were flushed using fetal calf serum, cen-
rifuged at 300 x g for 5 min, and the supernatant was  discarded.
he pellet was resuspended in a drop of calf serum and used to pre-
are the slides. The slides were air-dried and fixed with absolute
ethanol for 5 min  at room temperature. The slides were stained
ith Giemsa, dibasic sodium phosphate, and monobasic sodium
hosphate.

.7.3. Micronucleus test
The micronucleus test was carried out according to MacGre-
or et al. [19]. Slides were analyzed through optical microscope
Olympus BH-2 10 × 100, Tokyo, Japan), and 2000 polychromatic
rythrocytes (PCE) were counted per animal to determine the fre-
uency of micronucleated polychromatic erythrocytes (MNPCEs).
earch 810 (2016) 40–47

Genotoxicity and antigenotoxicity were assessed by the frequency
of MNPCEs, whereas cytotoxicity and anticytotoxicity were evalu-
ated by the ratio between PCE and normochromatic erythrocytes
(NCE), determined from a total of 2000 counted erythrocytes
(immature and mature).

2.7.4. Comet assay
The alkaline single cell gel electrophoresis (SCGE) assay, also

known as comet assay was carried out under alkaline conditions
using the method described by Attia et al. [20] and Singh et al.
[21]. Fifteen �l of bone marrow cells were suspended in 120 �L
of 0.5% low melting point agarose, then layered on slides previ-
ously coated with 1.5% normal melting point agarose. Slides were
then kept in cuvettes (protected from light) containing cold lysis
solution (Triton X-100, DMSO and Stock Lysis Solution) for 4 h. Elec-
trophoresis was carried out for 30 min  (25 V, 300 mA). Following
electrophoresis, the slides were placed in a staining tray, covered
with a neutralizing buffer (0.4 M,  Tris-HCl, pH 7.5), and kept in
the dark for 5 min. For analysis, slides were stained with 20 �L
of ethidium bromide solution (0.02 mg/mL) and covered with a
cover slip. One hundred nucleoids were analyzed per sample by a
fluorescence microscopy system Axioplan-Imaging® using the Isis
software, with a 510–560 nm excitation filter and a 590 nm barrier
filter, at an increase of 200 X. The TriTek CometScoreTM software
(version 1.3) was  used to assess genomic damage. In this software,
pixel intensity provides values corresponding to genomic dam-
age estimates, which are given as arbitrary units. Nucleoids with
completely fragmented heads were not taken into account. Among
seventeen parameters provided by the software, the percentage of
DNA in the tail was selected.

2.8. Statistical analysis

Initially, tests of normality and homoscedasticity were applied
to data. In the MN test, genotoxic and antigenotoxic activities were
assessed by one-way ANOVA followed by Tukey’s post-hoc test, and
cytotoxicity and anticytotoxicity were analyzed by �2 test, using
the SigmaStat 3.2 software.

The percentage reduction of MNPCEs induced by CP was  calcu-
lated according to Alves et al. [3]:

Reduction (%) =
[

A − B

A − C

]
x100

− A: corresponds to the MNPCE mean observed in the treatment
with CP (positive control);− B: corresponds to the MNPCE mean
observed in the treatments (JSE/pedunculagin + CP);− C: corre-
sponds to the MNPCE mean in the negative control.

Statistical tests were used to compare the treatments and con-
trol groups and results were considered statistically significant if p
was < 0.05.

3. Results

3.1. Chemical characterization of JSE

The methanol fraction obtained from JSE was submitted to col-
umn  chromatography over Diaion HP 20 and Sephadex LH-20 to
yield pedunculagin (1). Castalagin (2) and vescalagin (3) were iso-
lated from JSE by semi-preparative HPLC. Structural elucidation of
pure compounds was  determined by spectroscopic methods (ESI-
TOF MS,  1D, and 2D NMR) and by comparison with data from the
literature [22–24].
The HPLC chromatographic profile of JSE revealed the presence
of two  major compounds in the extract: castalagin and vescala-
gin. Quantification was  based on standard curves obtained from
the HPLC analysis, and results are presented in Table 1 as mg  of
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Table  1
Quantitative analysis of JSE by HPLC.

Compound Retention time (min) PDA − � max  (nm) Concentration (mg/g JSE dw)  Concentration (mg/100 g fruit fw)
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Vescalagin 7.0 200, 221 

Pedunculagin 8.2 and 13.7 196, 219 

Castalagin 10.2 200, 221 

ompound/g of JSE dry weight (dw) and as mg  of compound/100 g
f whole fruit fresh weight (fw).

.2. Mouse bone marrow MN  test

Results for the frequencies of MNPCE, PCE/NCE, and% MNPCE
eduction for all treatments with JSE are shown in Table 2. In the
enotoxicity analysis, the treatment with JSE 300 mg/kg alone had
o effect on MNPCEs compared to the negative control (p < 0.05);
he same finding was observed for the five-day treatment with
SE alone. Both treatments failed to show genotoxic action of JSE
n mouse bone marrow cells. As regards cytotoxicity, only JSE’s
ve-day treatment and pre-treatment significantly reduced the
CEs/NCEs ratio (p < 0.05), hence demonstrating a cytotoxic effect.

In the antigenotoxicity evaluation, pre-, co-, and post-
reatments of JSE doses of 30 and 300 mg/kg with CP showed
ignificant decreases (p < 0.001) in MNPCE frequency compared to
he positive control. These treatments presented MNPCE reduc-
ions equal to or higher than 86% in all groups treated with CP
groups 4, 5, 7, 8, 9, and 10). In addition, anticytotoxic action was
lso observed in all three treatments, as PCE/NCE ratios were sig-
ificantly different from the positive control (p < 0.001).

Results of the antigenotoxic and anticytotoxic effects of pedun-
ulagin are shown in Table 3. Pre-, co-, and post-treatments with
edunculagin and CP exhibited a significant reduction in MNPCE
requency compared to the positive control (p<0.001). This com-
ound induced MNPCE reductions of 99%, 94%, and 102% in the co-,
re-, and post-treatments, respectively. In co- and pre-treatments,
edunculagin was able to protect mouse bone marrow cells from
he CP-induced cytotoxic effect. In contrast, during post-treatment
he PCE/NCE ratio was significantly reduced (p<0.001), demonstrat-
ng a synergistic cytotoxic effect of pedunculagin with CP.

.3. Comet assay

Results of the comet assay, which was applied to verify the lev-
ls of primary DNA damage in mouse bone marrow cells treated
ith JSE, with or without CP, are shown in Figs. 1 and 2. The JSE
ose of 300 mg/kg alone did not present any significant difference
p � 0.05) compared to the negative control. On the other hand,
re-treatment for five days with JSE alone significantly decreased
he extent of DNA damage verified by the comet assay (DNA in tail)
ompared to the respective negative control (p < 0.001).

In the antigenotoxic evaluation, JSE and pedunculagin were
ble to significantly reduce CP-induced DNA damage in all treat-
ents tested by the comet assay — co-, pre-, and post-treatments

 in comparison with animals treated with CP alone (p < 0.05)
Figs. 2 and 3).

. Discussion

Exotic tropical fruits have received considerable attention from
esearchers in the last few decades because of their potential
se in preventing degenerative diseases. They have in common

igh polyphenol contents, viewed as having the capacity to scav-
nge oxidatively-generated free radicals. Jabuticaba, for instance,

 member of the Myrtaceae family, is an edible fruit with sev-
ral medicinal applications and high polyphenol content, including
45.50 28.7
15.60 9.8
124.40 78.4

phenolic acids, flavonoids, anthocyanins, depsides, galloyl esters,
and ellagitannins [8,9,11]. Most studies on jabuticaba have been
conducted on the whole fruit or on peels and have focused mainly
on flavonoid and anthocyanin compounds [9]. Seeds and peels are
co-products generated during the jabuticaba’s juice and wine pro-
cessing and are discarded, even though they contain most of the
fruit’s bioactive compounds [25]. There are clear differences in the
chemical composition of the fruit’s seeds and peels, as has been
demonstrated by previous reports in which seeds displayed the
highest concentrations of ellagitannins and proanthocyanidins and
the greatest antioxidant capacity, whereas skin exhibited the high-
est amounts of anthocyanins and quercetin derivatives [26].

In this study, the ellagitannins isolated from JSE are composed
mainly of castalagin and vescalagin, C-glycosidic ellagitannins with
an open-chain glucose core; and, in lower amounts, of pedun-
culagin, a simple ellagitannin with 4C1-glucopyranose core and
two hexahydroxydiphenoyl (HHDP) units (Table 1, Fig. 1). Both
types of ellagitannins possess the capacity to complex with metal
ions, proteins/enzymes, and basic compounds, in addition to their
antioxidant and antitumor activities [1,2].

In the MN test and the comet assay, JSE alone in both co- and pre-
treatments did not induce an increase in the MNPCE frequency or
in DNA in the tail (Table 2), showing no genotoxic effects. Similarly,
previous studies have reported the absence of genotoxic action in
several hydrolysable tannins and their hydrolyzed products e.g.
ellagic acid, gallic acid, and propyl gallate using in vitro Ames test
and in vivo MN test [27,28].

Mild cytotoxic effects of JSE were observed on animals treated
for five days; it is noteworthy that the same treatment resulted
in a lower percentage of DNA in the tail than the negative control
(Fig. 2). Ellagitannins present in JSE have already shown selective
cytotoxicity against tumor cell lines [29,30], and oenothein B, a
dimeric ellagitannin, also significantly decreased the PCEs/NCEs
ratio by oral and i.p. routes in the MN  test on mouse bone marrow
cells [27].

Contrary to our results, Leite-Legatti et al. [31] previously
reported no cytotoxic effects on mouse bone marrow cells for the
15-day treatment with jabuticaba peel extract at 300 mg/kg bw.
Differently from the seeds, jabuticaba peel revealed the presence
of two anthocyanins as major compounds: delphinidin 3-glucoside
and cyanidin 3-glucoside [31].

Given that the ageing of the world population has led to
an increase in age-related degenerations and diseases such as
cancer, much effort has been made to develop new antitu-
mor  drugs, and the identification of dietary constituents with
chemopreventive properties becomes an alternative to prevent-
ing these diseases. Antigenotoxic and antimutagenic compounds
can be used as cancer chemopreventive agents against clasto-
gens. The potential protective agent may  act through different
mechanisms, e.g. chemical or enzymatic inactivation of muta-
gens, inhibition of metabolic activation of promutagens, scavenging
of free radicals produced by mutagens, modification of repair
system activity, direct interaction with clastogen, and thus pre-
vention of its interaction with DNA [32]. Several ellagitannins

and their hydrolyzed product, ellagic acid, exhibit antimuta-
genic activity on Trp-P-1, Trp-P-2 (mutagens in burned meat)
and MNNG (N-methyl-N0-nitro-N-nitrosoguanidine), as well as
against direct-acting mutagens 3-hydroxyamino-1-methyl-5H-
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Table 2
Mean values of MNPCE frequency, PCE/NCE ratio and reduction rate with two doses of the JSE in mice bone marrow cells for genotoxic, antigenotoxic, cytotoxic and
anticytotoxic evaluation.

Group Treatments (mg/kg bw) MNPCE/2000 PCE (Mean ± SD) MNPCE Reduction (%) PCE/NCE (Mean ± SD)

1 Negative Control1 4.2 ± 0.45 – 1.03 ± 0.03
2  Positive Control2 27.2 ± 1.3a – 0.71 ± 0.02a

Treatment and co-treatment
3 JSE 300 4.8 ± 0.83 – 1.16 ± 0.04
4  JSE 30 + CP 4.8 ± 0.83b 97% 0.91 ± 0.32b

5 JSE 300 + CP 6.0 ± 1.41b 92% 0.91 ± 0.27b

Treatment and pre-treatment
6 JSE 300 5.4 ± 1.14 – 0.80 ± 0.21a

7 JSE 30 + CP 6.0 ± 0.70b 92% 1.01 ± 0.11b

8 JSE 300 + CP 7.4 ± 1.14b 86% 1.07 ± 0.10b

Post-treatment
9 JSE 30 + CP 4.4 ± 0.89b 99% 0.90 ± 0.13b

10 JSE 300 + CP 5.0 ± 1.00b 97% 0.83 ± 0.15b

CP: cyclophosphamide. All values are means ± standard deviation (SD) from five mice. Group 1 − distilled water 0.1 mL/10 g body weight (bw) by gavage (negative control),
Group  2 − 50 mg/kg CP bw (positive control). Group 3 − 300 mg/kg JSE, Groups 4 and 5 − 30 and 300 mg/kg JSE, respectively, concomitant with CP. Group 6 − JSE at 300 mg/kg
during  five days, Groups 7 and 8 − JSE at 30 and 300 mg/kg, respectively, for five days, followed by CP, 2 h after the final feeding. Groups 9 and 10 − CP, and after 2 h − JSE at
30  and 300 mg/kg, respectively. Groups 3 and 6 were compared with negative control; Groups 4, 5, 7, 8, 9, and 10 were compared with positive control. A total of 2000 PCEs
were  scored per animal for the MN test. JSE and CP were diluted in saline solution and administrated by gavage and intraperitoneally (i.p.), respectively. ANOVA, Tukey’s test
and  qui-square.

a Significant difference from the negative control (water) (p < 0.05).
b Significant difference from the positive control (CP) (p < 0.001).

Table 3
Mean values of MNPCE frequency, PCE/NCE ratio and reduction rate with one dose of the pedunculagin (Ped) in mice bone marrow cells for antigenotoxic and anticytotoxic
evaluation.

Group Treatments (mg/kg bw) MNPCE/2000 PCE (Mean ± SD) MNPCE Reduction (%) PCE/NCE (Mean ± SD)

1 Negative Control1 4.2 ± 0.45 – 1.03 ± 0.03
2  Positive Control2 27.2 ± 1.30a – 0.71 ± 0.02a

Co-treatment
11 Ped 30 + CP 4.4 ± 0.54b 99% 0.91 ± 0.34b

Pre-treatment
12 Ped 30 + CP 5.6 ± 0.84b 94% 0.90 ± 0.30b

Post-treatment
13 Ped 30 + CP 3.8 ± 0.83b 102% 0.59 ± 0.26b

CP: cyclophosphamide. All values are means ± standard deviation (SD) from five mice. Group 1 − distilled water 0.1 mL/10 g body weight (bw) by gavage (negative control),
Group  2 − 50 mg/kg bw of CP (positive control). Group 11 − 30 mg/kg pedunculagin (Ped) concomitant with CP. Group 12 − Ped at 30 mg/kg, for five days, followed by CP,
2  h after the final feeding. Group 13 − CP, and after 2 h − Ped at 30 mg/kg. Groups 11, 12 and 13 were compared with positive control. A total of 2000 PCEs were scored per
animal for the MN test. Ped and CP were diluted in saline solution and administrated by gavage and i.p., respectively. ANOVA, Tukey’s test and qui-square.

a Significant difference from the negative control (water) (p < 0.05).
b Significant difference from the positive control (CP) (p < 0.001).

Fig. 1. Chemical structures of ellagitannins isolated from jabuticaba seed extract (JSE).
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Fig. 2. Assessment of JSE’s genotoxic and antigenotoxic activities in mouse bone marrow cells using the comet assay estimated by the parameter percentage of DNA in the
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Chemotherapeutic agent CP was used in the present study to
ssess antigenotoxic and anticytotoxic effects of JSE and peduncu-
agin in mouse bone marrow cells via the MN  test and the comet
ssay. It is an alkylating agent that exerts its cytotoxic effects
hrough chemically reactive metabolites phosphoramide mustard,
hich is associated with therapeutic effects, and acrolein, which is

inked to toxic side effects. Acrolein has been described as being
utagenic to mammalian cells, interfering with the antioxidant

efense system and producing cellular toxicity through the gen-
ration of reactive oxygen species (ROS) [34].

Pre-, co-, and post-treatment in mice with JSE at all doses and
edunculagin at 30 mg/kg bw led to a significant decrease in the
requency of CP-induced MNs  and percentage of DNA in the tail,
hich confirmed the antigenotoxic properties of these ellagitan-
ins. These results are in accordance with studies performed with
edunculagin using the Ames test, which showed antimutagenic

ctivity against mutagens MNNG, Trp- P-1(+S9), Trp-P-2 (+S9), and
-OH-Trp-P-2 (-S9) [33]. Moreover, experiments with outer bark

cork) extracts of Quercus suber L., which are rich in castalagin
nd vescalagin, and UV radiation on L929 fibroblast cell culture

ig. 3. Assessment of the genotoxic and antigenotoxic activities of pedunculagin in mous
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sults are means ± standard deviation (SD) from five mice. A total of 100 nucleoids
ative control (water), and those co-, pre-, or post-treated with CP were compared
l, * p < 0.05 compared to the positive control.

led to intracellular reduction of ROS and prevention of DNA frag-
mentation. Thus, significant UV-induced cell death was avoided by
pre-incubation with cork extracts [35].

In contrast to the present results, pre-treatment on mice with
jabuticaba peel extract at 30, 100, and 300 mg/kg bw had not been
able to reduce CP-induced chromosomal damage in immature ery-
throcytes (MNPCE), hence showing no antigenotoxic properties
for jabuticaba peel [31]. These results confirm that the protec-
tive action against CP-induced DNA damage is mainly due to the
ellagitannins in the seeds, which act as scavengers against physi-
ological radicals ROO•, OH• and O2

−−− •produced by acrolein, the
CP metabolite [36]. Another mechanism for antioxidant activity is
tannins’ capacity to complex with metal ions, such as Fe3+ and Fe2+,
which stabilize these ions’ pro-oxidative activity and hence prevent
OH• production by Fenton reaction [37].

Post-treatments with JSE and pedunculagin showed significant
effects in the recovery of DNA damage, suggesting that these ellagi-
tannins have a stimulatory action on DNA repair systems. Reduction
in the percentage of DNA in the tail, detected by the comet assay,

indicates repair of the initial CP-induced DNA  damage, such as
adduct formation and DNA single-strand breaks. This rapid repair
avoided the outcome of mis-repaired DNA lesions expressed as
chromosome damage, i.e. micronuclei, as confirmed by the high

e bone marrow cells using the comet assay estimated by the parameter percentage
N test. All results are means ± standard deviation (SD) from five mice. A total of 100
compared with the positive control (CP). Student-t test. * p < 0.01 compared to the
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ercentages of reduction of CP-induced MNPCEs (Tables 2 and 3),
ence demonstrating an increased efficiency of DNA repair systems

n the presence of JSE and pedunculagin. Similarly, ellagic acid,
 hydrolyzed product of ellagitannins, helped in the recovery of
NNG-induced DNA damage by accelerating DNA repair efficiency

n damaged Chinese hamster lung fibroblast cells [38]. Another
echanism could be the interaction of ellagitannins with the hep-

tic microsomal cytochrome P450 before the metabolic activation
f CP, which would prevent the formation of mutagenic metabolite
crolein [34].

As regards the degree of anticytotoxicity observed in post-
reatments, there were strong differences between C-ellagitannin
somers castalagin and vescalagin, major compounds in JSE and
edunculagin. C-ellagitannins counter-attacked CP-induced cyto-
oxic effects, whereas pedunculagin, a simple ellagitannin with
C1-glucopyranose core, significantly reduced the PCE/NCE ratio,
emonstrating its synergistic cytotoxic effect with CP.

Ellagitannins may  differ in biological activities due to their
hemical structures, as seen in previous studies in which peduncu-
agin showed greater cytotoxicity against solid tumor cancer cells,
uch as human hepatocellular and breast carcinoma cells Hep-G2
nd MCF-7, as well as human HCT-116 colon cancer cells, when
ompared to castalagin [36].

The lowest dose of JSE (30 mg/kg) applied in this work is equiva-
ent to human consumption of 4.75 g/kg bw of fresh jabuticaba fruit,

hich corresponds to 332.5 g of jabuticaba for a person weighing
0 kg. Frequent consumption of this fruit can have positive effects
n human health and could be considered a preventive dietary
upplement against cancer.

. Conclusion

Castalagin, vescalagin, and pedunculagin were the major com-
ounds isolated from jabuticaba seeds. These ellagitannins mixed

n JSE showed no genotoxic activity via the MN  test and the
omet assay. Antigenotoxic effects were induced by pre- and co-
reatments of JSE or pedunculagin with CP. However, the most
oteworthy finding by the present study is that these compounds
ot only protect DNA from injury, but also help to repair DNA dam-
ge by accelerating DNA repair efficiency in damaged cells.
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nd Conselho de Aperfeiç oamento do Ensino Superior (CAPES)
scholarships].

onflict of interest statement

None declared.

eferences

[1] E. Haslam, Vegetable tannins—lessons of a phytochemical lifetime,
Phytochemistry 68 (2007) 2713–2721.

[2] S. Quideau, D. Deffieux, C. Douat-Casassus, L. Pouységu, Plant polyphenols:
chemical properties, biological activities, and synthesis, Angew. Chem. Int.
Edit. 50 (2011) 586–621.

[3] A.B. Alves, R.S. Santos, S.S. Calil, R. Niero, J.S. Lopes, F.F. Perazzo, P.C. Rosa, S.F.
Andrade, V. Cechinel-Filho, E.L. Maistro, Genotoxic assessment of Rubus
imperialis (Rosaceae) extract in vivo and its potential chemoprevention
against cyclophosphamide-induced DNA damage, J. Ethnopharmacol. 153

(2014) 694–700.

[4] M.  Heinonen, Antioxidant activity and antimicrobial effect of berry
phenolics—a Finnish perspective, Mol. Nutr. Food Res. 51 (2007) 684–691.

[5] T.E.C. Kraus, R. Dahlgren, R.J. Zasoski, Tannins in nutrient dynamics of forest
ecosystems—a review, Plant Soil 256 (2003) 41–66.

[

earch 810 (2016) 40–47

[6] J.M. Landete, Ellagitannins, ellagic acid and their derived metabolites: a
review about source, metabolism, functions and health, Food Res. Int. 44
(2011) 1150–1160.

[7] T. Yoshida, Y. Amakura, M.  Yoshimura, Structural features and biological
properties of ellagitannins in some plant families of the order myrtales, Int. J.
Mol. Sci. 11 (2010) 79–106.

[8] S.-B. Wu,  K. Dastmalchi, C. Long, E.J. Kennelly, Metabolite profiling of
jaboticaba (Myrciaria cauliflora) and other dark-colored fruit juices, J. Agric.
Food Chem. 60 (2012) 7513–7525.

[9] S.-B. Wu,  C. Long, E.J. Kennelly, Phytochemistry and health benefits of
jaboticaba, an emerging fruit crop from Brazil, Food Res. Int. 54 (2013)
148–159.

10] K.A. Reynertson, A.M. Wallace, S. Adachi, R.R. Gil, H. Yang, M.J. Basile, J.
D’armiento, I.B. Weinstein, E.J. Kennelly, Bioactive depsides and anthocyanins
from jaboticaba (Myrciaria cauliflora), J. Nat. Prod. 69 (2006) 1228–1230.

11] M.  Plaza, Â.G. Batista, C.B.B. Cazarin, M.  Sandahl, C. Turner, E. Östman, M.R.
Maróstica Jr., Characterization of antioxidant polyphenols from Myrciaria
jaboticaba peel and their effects on glucose metabolism and antioxidant
status: a pilot clinical study, Food Chem. 211 (2016) 185–197.

12] S.-B. Wu,  J. Wu,  Z. Yin, J. Zhang, C. Long, E.J. Kennelly, S. Zheng, Bioactive and
marker compounds from two  edible dark-Colored myrciaria fruits and the
synthesis of jaboticabin, J. Agric. Food Chem. 61 (2013) 4035–4043.

13] R. Mateuca, N. Lombaert, P.V. Aka, I. Decordier, M.  Kirsch-Volders,
Chromosomal changes: induction, detection methods and applicability in
human biomonitoring, Biochimie 88 (2006) 1515–1531.

14] G. Krishna, M. Hayashi, In vivo rodent micronucleus assay: protocol, conduct
and data interpretation, Mutat. Res. 455 (2000) 155–166.

15] I. Witte, U. Plappert, H. Wall, A. Hartmann, Genetic toxicity assessment:
employing the best science for human safety evaluation part III: the comet
assay as an alternative to in vitro clastogenicity tests for early drug candidate
selection, Toxicol. Sci. 97 (2007) 21–26.

16] A. Dhawan, M.  Bajpayee, D. Parmar, Comet assay: a reliable tool for the
assessment of DNA damage in different models, Cell Biol. Toxicol. 25 (2009)
5–32.

17] T.B. Schnaider, C. Souza, Ethics and animal experiments, Rev. Bras. Anestesiol.
53  (2003) 278–285.

18] E.D. Olfert, B.M. Cross, A.A. McWilliam, Guide to the Care and Use of
Experimental Animals, Canadian Council on Animal Care, 1998.

19] J.T. MacGregor, J. Heddle, M.  Hite, B.H. Margolin, C. Ramel, M.F. Salamone, R.R.
Tice, D. Wild, Guidelines for the conduct of micronucleus assays in
mammalian bone marrow erythrocytes, Mutat. Res. 189 (1987) 103–112.

20] S.M. Attia, S.F. Ahmad, K.M. Zoheir, S.A. Bakheet, G.K. Helal, A.R. Abd-Allah,
N.O. Al-Harbi, K.A. Al-Hosaini, O.A. Al-Shabanah, Genotoxic evaluation of
chloroacetonitrile in murine marrow cells and effects on DNA damage repair
gene expressions, Mutagenesis 29 (2014) 55–62.

21] N.P. Singh, M.T. McCoy, R.R. Tice, E.L. Schneider, A simple technique for
quantitation of low levels of DNA damage in individual cells, Exp. Cell Res.
175 (1988) 184–191.

22] N. Vivas, M.  Laguerre, Y. Glories, G. Bourgeois, C. Vitry, Structure simulation of
two  ellagitannins from Quercus robur L, Phytochemistry 39 (1995)
1193–1199.

23] T. Hatano, T. Yoshida, T. Shingu, T. Okuda, 13C nuclear magnetic resonance
spectra of hidrolyzable tannins II. (1) tannins forming anomer mixtures,
Chem. Pharm. Bull. 36 (1988) 2925–2933.

24] C.L.M. Herve Du Penhoat, V.M.F. Michon, A. Ohassan, S. Peng, A. Scalbert, D.
Gage, A. Roburin, A dimeric ellagitannin from heartwood of Quercus robur,
Phytochemistry 30 (1991) 329–332.

25] P.D. Gurak, G.S. De Bona, I.C. Tessaro, L.D. Marczak, Jaboticaba pomace powder
obtained as a co-product of juice extraction: a comparative study of powder
obtained from peel and whole fruit, Food Res. Int. 62 (2014) 786–792.

26] M.R. Alezandro, P. Dubé, Y. Desjardins, F.M. Lajolo, M.I. Genovese,
Comparative study of chemical and phenolic compositions of two  species of
jaboticaba: myrciaria jaboticaba (Vell.) Berg and Myrciaria cauliflora (Mart.)
O.  Berg, Food Res. Int. 54 (2013) 468–477.

27] C.A. Silva, C.R. Silva, J.H. Véras, L. Chen-Chen, P.H. Ferri, S.C. Santos,
Genotoxicity and cytotoxicity evaluation of oenothein B and its protective
effect against mitomycin C-induced mutagenic action, Mutat. Res. 767 (2014)
8–12.

28] T. Okuda, Systematics and health effects of chemically distinct tannins in
medicinal plants, Phytochemistry 66 (2005) 2012–2031.

29] Y. Kashiwada, G.-I. Nonaka, I. Nishioka, K. Jiann-Hung Lee, I. Bori, Y.
Fukushima, K.F. Bastow, K.-H. Lee, Tannins as potent inhibitors of DNA
topoisomerase II in vitro, J. Pharm. Sci. 82 (1993) 487–492.

30] H. Sakagami, Y. Jiang, K. Kusama, T. Atsumi, T. Ueha, M.  Toguchi, I. Iwakura, K.
Satoh, H. lto, T. Hatano, T. Yoshida, Cytotoxic activity of hydrolyzable tannins
against human oral tumor cell lines—a possible mechanism, Phytomedicine 7
(2000) 39–47.

31] A.V. Leite-Legatti, A.G. Batista, N.R.V. Dragano, A.C. Marques, L.G. Malta, M.F.
Riccio, M.N. Eberlin, A.R.T. Machado, L.B. de Carvalho-Silva, A.L.T.G. Ruiz, J.E.
Carvalho, G.M. Pastore, M.R. Maróstica, Jaboticaba peel: antioxidant
compounds, antiproliferative and antimutagenic activities, Food Res. Int. 49

(2012) 596–603.

32] A. Berni, M.R. Grossi, G. Pepe, S. Filippi, S. Muthukumar, C. Papeschi, A.T.
Natarajan, F. Palitti, Protective effect of ellagic acid (EA) on micronucleus
formation induced by N-methyl-N’-nitro-N-nitrosoguanidine (MNNG) in
mammalian cells, in vitro assays and in vivo, Mutat. Res. 746 (2012) 60–65.

http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0005
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0005
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0005
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0005
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0005
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0005
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0005
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0005
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0005
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0005
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0005
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0005
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0005
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0005
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0005
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0005
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0010
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0015
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0020
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0025
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0030
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0035
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0040
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0045
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0050
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0055
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0060
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0065
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0070
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0075
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0080
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0085
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0085
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0085
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0085
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0085
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0085
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0085
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0085
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0085
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0085
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0085
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0085
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0085
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0085
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0085
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0085
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0090
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0095
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0100
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0105
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0110
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0115
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0120
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0125
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0130
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0135
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0140
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0145
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0150
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0155
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0160


n Res

[

[

[

[

[
Biological activity of ellagitannins: effects as anti-oxidants, pro-oxidants and
metal chelators, Phytochemistry 125 (2016) 65–72.

[38] S. Chakraborty, M.  Roy, R.K. Bhattacharya, Prevention and repair of DNA
damage by selected phytochemicals as measured by single cell gel
R.M. Silva et al. / Mutatio

33] T. Okuda, K. Mori, H. Hayatsu, Inhibitory effect of tannins on direct-acting
mutagens, Chem. Pharm. Bull. 32 (1984) 3755–3758.

34] S.M. Ludeman, The chemistry of the metabolites of cyclophosphamide, Curr.
Pharm. Des. 5 (1999) 627–643.

35] A.R. Araújo, D.M. Pereira, I.M. Aroso, T. Santos, M.T. Batista, M.T. Cerqueira,

A.P. Marques, R.L. Reisa, R.A. Pires, Cork extracts reduce UV-mediated DNA
fragmentation and cell death, RSC Adv. 5 (2015) 96151–96157.

36] M.S.A. Marzouk, F.A. Moharram, M.A. Mohamed, A.M. Gamal-Eldeen, E.A.
Aboutabl, Anticancer and antioxidant tannins from pimenta dioica leaves, Z.
Naturforsch. 62 (2007) 526–536.
earch 810 (2016) 40–47 47

37] J. Moilanen, M.  Karonen, P. Tähtinen, R. Jacquet, S. Quideau, J.-P. Salminen,
electrophoresis, J. Environ. Pathol. Toxicol. Oncol. 23 (2004) 215–226.

http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0165
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0170
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0170
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0170
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0170
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0170
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0170
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0170
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0170
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0170
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0170
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0170
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0170
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0170
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0170
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0170
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0170
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0170
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0175
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0180
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0185
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190
http://refhub.elsevier.com/S1383-5718(16)30191-7/sbref0190

	Protective effect and induction of DNA repair by Myrciaria cauliflora seed extract and pedunculagin on cyclophosphamide-in...
	1 Introduction
	2 Materials and methods
	2.1 General experimental information
	2.2 Chemicals
	2.3 Plant material and preparation of JSE
	2.4 Isolation and identification of pedunculagin
	2.5 Quantification of ellagitannins in JSE and isolation of castalagin/vescalagin (HPLC/PDA)
	2.6 Spectral data of the isolated compounds
	2.7 Animal testing
	2.7.1 General
	2.7.2 Protocol in vivo
	2.7.2.1 Treatment and co-treatment
	2.7.2.2 Treatment and pre-treatment
	2.7.2.3 Post-treatment

	2.7.3 Micronucleus test
	2.7.4 Comet assay

	2.8 Statistical analysis

	3 Results
	3.1 Chemical characterization of JSE
	3.2 Mouse bone marrow MN test
	3.3 Comet assay

	4 Discussion
	5 Conclusion
	Funding
	Conflict of interest statement
	References


