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a  b  s  t  r  a  c  t

Trichilia  catigua  A. Juss.,  Meliaceae,  known  as  catuaba  in Brazil,  is  traditionally  used  for  the  treatment  of
stress, sexual  impotence  and  memory  deficits.  To  our knowledge,  there  is  no analytical  method  described
in  literature  for simultaneous  quantification  of  catuaba  extract  marker  substances  in biological  matri-
ces. The  aim  of this  study  was  to develop  and  validate  a  bioanalytical  method  by  LC–MS/MS  to  quantify
epicatechin  and procyanidin  B2  in rat plasma  after  administration  of standardized  extract  of  T. catigua.
Chromatographic  separation  was  achieved  with  a  C18  column,  methanol  and  0.1% aqueous  formic  acid  at
a flow  rate  of  0.25  ml/min.  Detection  was  performed  using  electrospray  ionization  in  negative  mode.  The
lower  limits  of  quantification  were  5 ng/ml  and  12.5  ng/ml  for  procyanidin  B2 and  epicatechin,  respec-
tively.  Intra-  and  inter-day  assays  variability  were  less  than  15%.  The  extraction  recovery  was  104%
C–MS/MS

harmacokinetics. for  epicatechin  and  74%  for procyanidin  B2 using  one-step  liquid–liquid  extraction  with  ethyl  acetate.
Epicatechin  and  PB2 were detected  in plasma  up  to 300  min  after  oral  administration  of 400  mg/kg  of  stan-
dardized  extract  of  T. catigua  in rats.  This  rapid and  sensitive  method  for the  analysis  of the  epicatechin
and  procyanidin  B2  in  rat  plasma  can be applied  to  pharmacokinetic  studies.

©  2019  Sociedade  Brasileira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
ntroduction

Trichilia catigua A. Juss., Meliaceae, popularly known as catu-
ba, is part of the rich Brazilian flora and has been traditionally
sed as a tonic to treat fatigue, stress, impotence and memory
eficit (Pizzolatti et al., 2002). Distinct extracts from catuaba barks
ave been evaluated regarding the biological activity by in vitro
nd in vivo models. The extracts were found to: induce and pro-

ong a sustained relaxation of cavernous bodies (Antunes et al.,
001); reverse ventricular fibrillation (Pontieri et al., 2007); induce
istological and functional protection in a pre-clinical model of
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cerebral ischemia (Truiti et al., 2015); generate antiviral activity
for herpesvirus and poliovirus in a culture of HEp-2 cells (Espada
et al., 2015); produce anti-inflammatory activity by the inhibition
of the phospholipase A2 (PLA2) (Barbosa et al., 2004), produce
antidepressant (Campos et al., 2005; Chassot et al., 2011; Taciany
Bonassoli et al., 2012), antioxidant (Resende et al., 2011; Tang et al.,
2007), bacteriostatic (Pizzolatti et al., 2002) and trypanocidal activ-
ity (Pizzolatti et al., 2003).

The chemical composition of the acetate fraction of the T.
catigua extract has been described as: epicatechin (1), procyani-
din B2 [epicatechin-(4�→8)-epicatechin] (2) cinchonain IIa and IIb,

cinchonain Ia, Ib, and catechin, as well other condensed tannins
(Longhini et al., 2013). This particular extract is referred in this
paper as “standardized extract of T. catigua (SETc)” and has been
described as responsible for multiple activities: antioxidant (Lonni
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t al., 2012), neuroprotective in cerebral ischemia models (Truiti
t al., 2015), preventive of neuronal cell death (Truiti et al., 2015)
nd antidepressant (Taciany Bonassoli et al., 2012).

Extracts of different plant species also contain 1 and 2 as active
onstituents. Both 1 and 2 also present activity when used isolated.
ompound 1 has been related to the neuroprotective effects and
o the prevention of neuronal cell death in vitro (Matsuoka et al.,
995; Schroeter et al., 2000), and 2 to antioxidant, anti-tumor and
rowth promoting activity (Lopes et al., 2009; Sakano et al., 2005).

Despite the several SETc pharmacological and biological studies,
o information on its pharmacokinetic behavior has been described
p to now. The extract active constitutes exposure over time, as
ell as the relationship of the exposure with the activity, are cru-

ial to evaluate the viability of this extract to become a true active
harmaceutical ingredient (API).

To our knowledge, the analytical methods described in the lit-
rature solely provide information regarding the quantification of
annins using high performance liquid chromatography (HPLC) in
hemical matrices (Beltrame et al., 2006; Longhini et al., 2013). No
ethodology for simultaneous quantification of 1 and 2 in plasma

as been described. The aim of this study was to develop and
alidate an analytical method to quantify 1 and 2 in rat plasma fol-
owing the administration of SETc and conduct a pharmacokinetic
nalysis with both constituents.

aterial and methods

hemical, reagents and equipment

Methanol and formic acid were HPLC grade purchased from
edia (Brazil), while ethyl acetate was analytical grade purchased
rom Synth (Brazil). Ultra-purified water was produced by a Milli-

 equipment (Millipore Corp Burlington, MA). Epicatechin (1)
nd quercetin (internal standard - IS) were obtained from Sigma-
ldrich (Brazil).

Procyanidin B2 (2) was  isolated from Trichilia catigua and the
ETc used in pharmacokinetic study was obtained as described by
onghini et al. (2013) from T. catigua as well and kindly provided
y Dr. João Carlos Palazzo de Mello (Pharmaceutical Biology Labo-
atory – Palafito). The bark of T. catigua was acquired from Caetité,
ahia, Brazil and a voucher specimen was identified by Dr. Cás-
ia Mônica Sakuragui, Universidade Federal do Rio de Janeiro, RJ,
razil, and deposited at the Herbarium of Universidade Estadual de
aringá (HUEM#19.434), Maringá, PR, Brazil.
Quantifications were performed on a HPLC system Waters

lliance e2965 tandem mass spectrometer triple quadrupole Quat-
ro Premier XE using an electrospray ionization (ESI) source. Data
cquisition, instrument controls and post run analysis were per-
ormed using MassLynx version 4.1 (Waters Technology, Milford,

A,  USA).
xperimental conditions for LC–MS/MS

Chromatography was performed with an ACE3 C18-300 column
50 mm × 2.1 mm i.d.) with 3 �m of particle size (ACE, Aberdeen,
rmacognosia 29 (2019) 457–463

UK), in line with a guard column ACE C18-300 (Aberdeen, UK), at
a temperature of 36 ◦C. The mobile phase was  composed of 0.1%
aqueous formic acid and methanol (50:50, v/v) at a flow rate of
0.25 ml/min. Temperature of autosampler was kept at 4 ◦C. Injec-
tion volume was 10 �l. The full analytical run time was  4 min, a
flow switching was used and just MS  data from 0.5 to 3 min was
recorded. Detection was performed using electrospray ionization
in the negative mode. Direct infusion of 1, 2 and quercetin was
used to identify the deprotonate molecule [M−H]− and after a colli-
sion energy optimization, the best fragments were chosen, allowing
the determination of the multiple reactions monitoring (MRM). Ion
transition m/z of 288.5 > 244.7 for 1, m/z 576.5 > 423.6 for 2 and
m/z 300.5 > 150.5 for IS were used for the quantification of the
compounds. Desolvation and cone gas flow were 600 and 35 l/h,
respectively at 320 ◦C. The temperature of the ion source was main-
tained at 120 ◦C. Capillary voltage was set to 4.0 kV. The collision
energy for both 1 and 2 was  15 kV, and for the IS it was 25 kV.
Cone voltages of 30 kV were applied for all analytes. Collision-
induced dissociation was  performed using argon in the collision
cell.

Standard curve and quality control samples

Stock solutions of 1 and 2 were prepared in methanol at the
concentration of 1 mg/ml. The IS stock solution of 100 ng/ml of
quercetin was prepared in mobile phase. All solutions were pre-
pared daily. Intermediate dilutions of 1 and 2 combined were
prepared by dilution in methanol:water (50:50 v/v). To prepare
the calibration standards and quality controls, different aliquots
(the volume would depend on the desired final concentration)
of the stock solutions of 1 and 2 were diluted with 20 �l of IS
solution in rat plasma to a final volume of 100 ml. In order to pre-
vent analyte degradation by plasma enzymes, 20 �l of acetic acid
(50 mmol/l) was also included (Jabor et al., 2010). The volumet-
ric flasks were placed on a vortex for 1 min  prior to a one-step
liquid–liquid extraction. Liquid–liquid extraction was performed
by the addition of 500 �l of ethyl acetate, stirred for 1 min in
vortex and then centrifuged for 15 min  at 11,200 × g and 4 ◦C.
In another microtube the acetate fraction (400 �l) was collected
and evaporated to dryness at 38 ◦C. The residue was reconsti-
tuted in 100 �l of mobile phase for injection onto the LC–MS/MS
system.

Method validation

The bioanalytical method was validated according to the US
Food and Drug Administration guideline (FDA, 2013). The following
parameters were included in the validation: selectivity, lower limit
of quantification (LLOQ), stability, standard curve range, accuracy,
precision, recovery and matrix effect.

Selectivity

Chromatograms of blank plasma from six rats were analyzed to
check selectivity. The presence of exogenous or endogenous inter-
ferences in the matrix was  evaluated.

Standard curve and LLOQ

All samples were spiked with both EPI and PB2. Seven concentra-
tions of the analytes (5, 12.5, 20, 25, 50, 10 and 150 ng/ml), spiked
with 20 ng/ml of IS and diluted in rat plasma were evaluated at

three consecutive days. The ratio of areas (RA) of the 1 and 2 vs. IS
were calculated. Linear regression was  evaluated using the theoret-
ical concentrations against the 1 and 2 vs. IS RAs. To determine the
LLOQ, concentrations lower than 5 ng/ml for 2 and 12.5 ng/ml for



a de Fa

1
t
m

P

u
5
c
d
o
o
a
r

M

t
a

S

t

F
o

M. Chavari et al. / Revista Brasileir

 were assayed five times. According to FDA guideline, the LLOQ is
he lowest concentration with variability lower than 20%, that the

ethod can quantify.

recision and accuracy

Accuracy, within- and between-day precision were evaluated
sing three different concentrations of 1 and 2 in rat plasma (20,
0 and 100 ng/ml). For within-day precision, five replicates of each
oncentration were evaluated on the same day and, for between-
ay, results of three consecutive days were considered. Variations
f <15% between results were considered acceptable. The results
f precision were expressed as relative standard deviation (RSD%)
nd relative error (RE%) was used to express the accuracy
esults.

atrix effect and recovery

The experiments were assessed using the comparison condi-
ions described by Lachi-Silva et al. (2015) using three different 1
nd 2 concentrations (20, 50, 100 ng/ml).
tability

The stability of samples was evaluated during short and long-
erm, in addition to the freeze and thaw stability assessment.

A 100

100

0.44

0.47
0.95

1.17

1.60

2.01

2.5

1.72

%

%

0

0
0.0 0.5 1.0 1.5 2.0 2.5

0.0

1.00 1.07 2.43

0.5 1.0 1.5 2.0 2.5

B

ig. 1. Representative chromatograms obtained from: (A) blank plasma; (B) plasma spiked
f  epicatechin (EPI). All the mass transitions are described in the figure legend.
rmacognosia 29 (2019) 457–463 459

Analyses were carried out at three different concentration levels
(20, 50 and 100 ng/ml) with three replicates. The samples were
frozen at −80 ◦C and thawed at room temperature (20 ± 5 ◦C). This
process was  repeated for three freeze and thaw cycles, and then
each sample was  submitted to the liquid-extraction as described
above and analyzed by LC–MS/MS. The short-time stability was
evaluated in two different experiments: (i) samples were stored
in the autosampler (4 ◦C) for 6 h; (ii) samples were kept in a
freezer (−20 ◦C) for 24 h. Next, the samples were prepared and ana-
lyzed as described previously. The chromatographic results were
compared against chromatographic results from freshly prepared
samples. The long-term stability of 1 and 2 in rat plasma was
assessed by keeping samples stored for two months at −80 ◦C.
In all stability studies 1 and 2 were considered stable if the
deviation from the nominal concentration was  in the range of
85–115%.

Application of the method in a pharmacokinetic study

All animal experiments were approved and in accordance with
the guidelines of the Animal Ethics Committee of the State Univer-

sity of Maringa (protocol CEUA/UEM – 8525010616). Male albino
Wistar rats (n = 5) with medium weigh of 0.180 kg were supplied by
the animal facilities of State University of Maringa, Paraná, Brazil.
The animals were housed at controlled temperature (22 ± 2 ◦C),

7 2.73 3.10

3.18

TIC - blank

3.0 3.5 4.0 4.5 5.0
Time

EPI (288.8 > 244.7)

PB2 (576.5 > 424.6)

IS (300.5 > 150.5)

3.0 3.5 4.0 4.5 5.0
Time

 with 100 ng/ml of quercetin (IS), 100 ng/ml of procyanidin B2 (PB2) and 100 ng/ml
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Scheme 1. Fragmentation reactions of the precursor procyanidin B2 (A) an

nder 12-h light/12-h dark cycles and had food and water
d libitum.

A solution of SETc at 80 ± 8 mg/ml  was prepared in glyc-
rol:water (0.1:1) and administered to three animals orally
gavage) at the dose of 400 mg/kg, which corresponded to
.67 ± 0.29 mg  of 1 and 12.15 ± 0.62 mg  of 2. Samples of 300 �l
f blood, from the right tail vein, were collected in heparinized
icrotubes at times 5, 15, 30, 45, 60, 90, 120, 150 and 180 min

fter administration. Samples were immediately centrifuged at
.5 × g for 15 min  at 4 ◦C and an aliquot of 100 �l was  transferred
o another microtube. Next, 20 �l of acetic acid (50 mmol/l) was
dded and the samples were kept at −80 ◦C until HPLC–MS/MS
nalysis.

The plasma concentration data were used to plot plasma
oncentration (Cp) versus time (t) graphs, using Microsoft
xcel (Microsoft, Seattle, WA,  USA) and to calculate the non-
ompartmental pharmacokinetic parameters (Gibaldi and Perrier,
982).

esults and discussion

ptimization of LC–MS/MS analysis

The chromatographic conditions for 1 and 2 analysis consisted
n a mixture of methanol and 0.1% aqueous formic acid (50:50,
/v) as the mobile phase, as well as a C18 column as the station-
ry phase. The total ions chromatogram (TIC) presented a coelution
f 1 and 2 with retention times at 1.10 and 1.01 min, respectively.
owever, both 1 and 2 mass chromatograms can be clearly distin-

uished from each other (Fig. 1). The IS presented an isolated peak at
.47 min.

The detector parameters were initially assessed by direct infu-
ion of EPI and PB2 standards solutions (one solution per substance)
atechin (B) with the respective main fragments and the m/z for each form.

into the electrospray source. Both substances showed better
response to a negative ionization mode. EPI and PB2 exhibited
the precursor ion at a m/z  of 288.5 and 576.5 respectively, corre-
sponding to the deprotonate molecule form [M−H]−. After collision
induced dissociation with argon, using 15 kV collision energy, the
ion at m/z of 244.7 for 1 and 423.6 for 2 were the main frag-
ment observed. The IS exhibited the precursor ion at m/z  300.5
[M−H]−, and its fragmentation generated a fragment ion with
m/z of 150.5. Thus, for MRM  the ion pairs chosen for the 1, 2
and IS were: m/z 288.5→244.7, 576.5→423.6 and 300.5→150.5,
respectively. Scheme 1 shows the fragmentation reaction of 2
and 1.

Considering the heterogeneity of the plasma matrix, differ-
ent solvents for sample pretreatment processes (extraction) were
tested. The solvents methanol, acetonitrile, dichloromethane and
ethyl acetate and their mixtures were evaluated to achieve maxi-
mal  recovery of 1 and 2. For all solvents tested, the same technique
was applied, the one-step liquid–liquid extraction. The procedure
was adequate to extract the analyte and clean up interferences. The
best reproducibility and recovery was obtained using only ethyl
acetate while other solvents did not achieve the same recover-
ies as obtained for ethyl acetate. After these results, ethyl acetate
was defined as the solvent for recovery of 1 and 2 from plasma
samples.

Method validation

Good selectivity and absence of plasma interference was
observed (Fig. 1). The analytical method presented linearity

(r2 = 0.9983 for 1 and r2 = 0.9956 for 2). The concentration range
was defined as 12.5–150 ng/ml for 1 and 5–150 ng/ml for 2 in rat
plasma. The fitted linear equation was  y (ng/ml) = 0.01x + 0.0496
(ng/ml) for 1 and y (ng/ml) = 0.0041x + 0.0351 (ng/ml) for 2. The
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Table  1
Accuracy and precision (intra and inter-day) of epicatechin (EPI) in rat plasma

Spiked
concentration
(ng/ml)

Mean observed
concentration
(ng/ml)

Accuracy
(RE%)

Precision
(RSD%)

Intra-day (n=5)
12.5 14.31 114.46 0.75
20
50

20.25
47.93

101.24
95.86

0.50
2.76

100 100.70 100.70 1.23
Inter-day (n=5x3 dias)
12.5 14.33 114.65 0.48
20
50

20.64
48.98

103.21
97.95

1.16
2.12

100 99.65 99.65 2.51

RSD% = relative standard deviation; RE% = relative error

Table 2
Accuracy and precision (intra and inter-day) of procyanidin B2 (PB2) in rat plasma

Spiked
concentration
(ng/ml)

Mean observed
concentration
(ng/ml)

Accuracy
(RE%)

Precision
(RSD%)

Intra-day (n=5)
5  4.37 87.47 0.53
20
50

17.98
56.59

17.98
56.59

1.23
0.65

100 99.08 99.08 0.79
Inter-day (n=5x3 dias)
5  4.66 93.21 1.15
20
50

20.67
53.91

103.33
107.81

1.57
1.60

100 106.23 106.23 3.34

RSD% = relative standard deviation; RE% = relative error

Table 3
Matrix effect and recovery of epicatechin and procyanidin B2 in rat plasma (n=3)

Concentration
(ng/ml)

Matrix effect %
(mean ± sd)

Recovery %
(mean ± sd)

Epicatechin
20 85.50 ± 0.62 106.44 ± 1.99
50  88.24 ± 0.56 101.37 ± 1.65
100  90.12 ± 1.18 104.80 ± 0.85
Procyanidin B2
20 90.20 ± 0.45 71.70 ± 0.75
50  84.93 ± 0.55 72.24 ± 2.81

s

m
f
M
1

a

Table 5
Non-compartmental pharmacokinetic parameters of EPI and PB2 in plasma follow-
ing oral administration of 400 mg/kg SETc in rats. EPI dose was 2.67 ± 0.29 mg and
PB2 dose was 1.15 ± 0.62 mg.  Data reported as arithmetic mean ± standard deviation
(n=3)

Parameter (unit) EPI PB2

t1/2 (min) 59.31 ± 20.27 110.10 ± 12.78
AUC0-t (mg.min.l-1) 9.59 ± 3.58 17.80 ± 6.17
AUC0-∞  (mg.min.l-1) 10.83 ± 3.35 25.07 ± 6.70
Cl/F (L/min) 0.27 ± 0.12 0.064± 0.016
MRT  (min) 130.75 ± 9.48 177.87 ± 14.77
Cmax (mg/l) 0.054 ± 0.04 0.108 ± 0.046
Tmax(min) 80 ± 35 53 ± 11

t1/2= half-life time, ASC0-t= area under the curve from zero to t, ASC0-∞ = area under

T
F

R

100 85.32 ± 1.08 74.68 ± 0.85

d = standard deviation

ethod also showed good sensitivity: a LLOQ value of 12.5 ng/ml
or 1 with precision of 0.48% and accuracy of 14.65% was verified.

eanwhile for 2, the LLOQ value was 5 ng/ml with a precision of

.15% and an accuracy of −6.79%.

Precision and accuracy are presented in Tables 1 and 2 for 1
nd 2, respectively. The accuracy of 1 within-day batches (n = 5)

able 4
reeze and thaw, short-term and long-term stability of epicatechin and procyanidin B2 in

Concentration (ng/ml) Freeze and thaw(RE%) Short-term6h injector

Epicatechin
20 96.39 97.62 

50  98.45 97.72 

100  97.42 91.77 

Procyanidin B2
20 92.02 100.32 

50  97.98 99.60 

100  96.90 95.73 

E% = relative error
the  curve from zero to infinite, Cl/F = clearance/bioavailability, MRT= mean residence
time, Cmax= maximum plasma concentration, Tmax = maximum time

and between-day batches (n = 5 × 3 consecutive days) ranged from
95.86 to 101.24% and from 97.95 to 103.21%, respectively, as shown
in Table 1.

The accuracy of 2 within-day batches (n = 5) and between-
day batches (n = 5 × 3 consecutive days) ranged from 89.92 to
113.18% and from 103.33 to 107.81%, respectively, as shown in
Table 2.

During the evaluation of the matrix effect, the recoveries ranged
from 85.5 to 90.2% of the initial spiked 1 and from 84.9 to 90.2%
for spiked 2 (Table 3). The recoveries from plasma at concentra-
tions of 20, 50 and 100 ng/ml were 106.44, 101.37 and 104.8%,
respectively for 1, and 71.70, 72.24 and 74.68%, respectively for
2. For matrix effect and recovery, the validation guidelines have
not yet established the acceptance values, but the consensus for
matrix effect is no more than 15% of variation and for recovery is
acceptable a value that presents reproducibility with precision and
accuracy.

Compounds 1 and 2 were found to be stable under the studied
short and long-term stability conditions (Table 4).

As far as we known, this is the first time an LC–MS/MS method
was developed to quantify 1 and 2 simultaneously in a biological
matrix.

Application of the method to a pharmacokinetic study

This was  used to determine the preliminary noncompart-
mental pharmacokinetic parameters after oral administration of
400 mg/kg of SETc to rats, demonstrating its applicability to phar-
macokinetic studies (Fig. 2 and Table 5).

The half-life values compared to the mean residence time
(MRT) parameter indicate a high elimination rate of 1 and

2. The clearance/bioavailability (Cl/F) ratios for 1 and 2 were
0.27 and 0.57 l/min, respectively, which corresponds to 1.35 and
2.85 l min−1 kg−1.

 rat plasma (n=3)

 (RE%) Short-term24h, -20◦C (RE%) Long-term2 months(RE%)

96.26 85.76
92.44 86.53
97.88 85.05

98.61 88.23
92.89 85.43

102.51 87.52
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The clearance (Cl) of 1 (1.35 l min−1 kg−1) is similar to the Cl
escribed in literature for rabbits after administration of isolated

 (1.3 l min−1 kg−1) (Chen and Hsu, 2009). But for 2, the Cl data
escribed in the literature for rats after isolated and labeled 2 was
.41 l/min (Chen and Hsu, 2009), seven times lower than the value
bserved in this study for 2 from SETc.

onclusion

A rapid, efficient and selective LC–MS/MS method for simul-
aneous quantification of epicatechin (1) and procyanidin B2
2) in rat plasma was developed and can be used to explore
he pharmacokinetics of these compounds. The pharmacoki-
etic parameters described for 1 and 2 could support new
tudies with SETc to elucidate the pharmacokinetics and its
elationship with the pharmacodynamic effect of this herbal
roduct.
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Pontieri, V., Neto, A.S., de Franç a Camargo, A.F., Koike, M.K., Velasco, I.T., 2007. The
herbal drug Catuama reverts and prevents ventricular fibrillation in the isolated

rabbit heart. J. Electrocardiol. 40, 534, e1-534.e8.

Resende, F.O., Rodrigues-Filho, E., Luftmann, H., Petereit, F., Mello, J.C.P., 2011.
Phenylpropanoid substituted flavan-3-ols from Trichilia catigua and their in vitro
antioxidative activity. J. Braz. Chem. Soc. 22, 2087–2093.

http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0005
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0010
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0015
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0020
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0025
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0030
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0035
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0040
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0045
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0050
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0055
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0060
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0065
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0070
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0075
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0080
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0085
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0090
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0095


a de Fa

S

S

T

M. Chavari et al. / Revista Brasileir

akano, K., Mizutani, M.,  Murata, M.,  Oikawa, S., Hiraku, Y., Kawanishi, S., 2005. Pro-
cyanidin B2 has anti- and pro-oxidant effects on metal-mediated DNA damage.
Free Rad. Biol. Med. 39, 1041–1049.

chroeter, H., Williams, R.J., Matin, R., Iversen, L., Rice-Evans, C.A., 2000. Phenolic

antioxidants attenuate neuronal cell death following uptake of oxidized low-
density lipoprotein. Free Rad. Biol. Med. 29, 1222–1233.

aciany Bonassoli, V., Micheli Chassot, J., Longhini, R., Milani, H., Mello,
J.C.P., de Oliveira, R.M.W., 2012. Subchronic administration of Trichilia
catigua ethyl-acetate fraction promotes antidepressant-like effects and
rmacognosia 29 (2019) 457–463 463

increases hippocampal cell proliferation in mice. J. Ethnopharmacol. 143,
179–184.

Tang, W.,  Hioki, H., Harada, K., Kubo, M.,  Fukuyama, Y., 2007. Antioxidant
phenylpropanoid-substituted epicatechins from Trichilia catigua. J. Nat. Prod.

70, 2010–2013.

Truiti, M.T., Soares, L., Longhini, R., Milani, H., Nakamura, C.V., Mello, J.C.P., de
Oliveira, R.M.W., 2015. Trichilia catigua ethyl-acetate fraction protects against
cognitive impairments and hippocampal cell death induced by bilateral com-
mon  carotid occlusion in mice. J. Ethnopharmacol. 172, 232–237.

http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0100
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0105
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0110
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0115
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120
http://refhub.elsevier.com/S0102-695X(18)30238-2/sbref0120

	Simultaneous liquid chromatography- tandem mass spectrometry method to quantify epicatechin and procyanidin B2 in rat plas...
	Introduction
	Material and methods
	Chemical, reagents and equipment
	Experimental conditions for LC–MS/MS
	Standard curve and quality control samples
	Method validation
	Selectivity
	Standard curve and LLOQ
	Precision and accuracy
	Matrix effect and recovery
	Stability
	Application of the method in a pharmacokinetic study

	Results and discussion
	Optimization of LC–MS/MS analysis
	Method validation
	Application of the method to a pharmacokinetic study

	Conclusion
	Ethical Disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Contributors
	Conflicts of interest
	Acknowledgments
	References


