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Abstract

Background: It has been reported in the literature that proinflammatory interleukin-1 beta
(IL-1B) is increased in cases of testicular ischemia reperfusion (I/R) damage. This information
suggests that anakinra, an IL-1B antagonist, may be effective in testicular I/R damage.
Objective: In our study, we investigated the effect of anakinra on testicular I/R damage induced
in rats with torsion/detorsion.

Methods: The 50mg/kg anakinra +testicular torsion/detorsion (KTD-50) and 100mg/kg
anakinra + testicular torsion/detorsion (KTD-100) groups received an intraperitoneal (i.p.)
injection of 50mg/kg and 100mg/kg of anakinra, respectively. In turn, the testicular tor-
sion/detorsion (TTD) and sham operation (SOG) groups received a single dose of distilled water
as a solvent 1 h before ketamine anaesthesia. After the testes of the TTD, KTD-50 and KTD-100
groups were subjected to torsion and detorsion for 4h each, the rats were killed with a high-
dose anaesthesia, and their testicles were removed and evaluated through biochemical, gene
expression and histopathological examinations. The results were evaluated in comparison with
those of the SOG group.

Results: The levels of malondialdehyde (MDA), myeloperoxidase (MPO) and IL-1@3 showed signif-
icant increases in the TTD group, which underwent torsion/detorsion, compared to the KTD-50,
KTD-100 and SOG groups. Conversely, the levels of glutathione (tGSH), glutathione peroxidase
(GPO) and glutathione s-transferase (GST) were found to be significantly higher in the KTD-50,
KTD-100 and SOG groups than in the TTD group.
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Introduction

Conclusion: Anakinra at a 100 mg/kg dose histologically suppressed better oxidative stress and
tunica albuginea, germ cell, seminiferous tubule and interstitial damage in the testicular tissue
compared to a 50 mg/kg dose. Experimental results indicate that anakinra might be beneficial
in the attenuation of testicular I/R damage.

© 2017 Asociacion Espafola de Andrologia, Medicina Sexual y Reproductiva. Published by Else-
vier Espafa, S.L.U. All rights reserved.

Efecto de la anakinra, que es un antagonista de la interleucina 1 beta en oxidativo
dafio testicular, inducida en ratas con isquemia reperfusion

Resumen

Antecedentes: Se ha reportado en la literatura que citoquinas interleuquina-1 beta (IL-1B) es
mayor en el dano de la isquemia reperfusion testicular (I/R). Esta informacion sugiere que la
anakinra, que es un antagonista IL-13 puede ser eficaz en dano testicular I/R.

Objetivo: En nuestro estudio se investigo el efecto de este medicamento en dafo testicular I/R
inducida en ratas con detorsion/torsion.

Métodos: KTD-50 grupo recibido intraperitonealmente (i.p.) inyeccion de 50 mg/kg y KTD-100
Grupo 100mg/kg de anakinra, mientras TTD (control) y SOG (sham grupo operacion) reci-
bieron una dosis Unica de agua destilada como solvente, una hora antes de ketamina anestesia.
Después de que los testiculos de TTD, KTD-50 y KTD-100 grupos fueron sometidas a torsion y
detorsion para cuatro por cuatro horas, las ratas fueron asesinados con altas dosis de aneste-
sia, sus testiculos fueron extraidos y evaluados a través de la expresion génica, bioquimicas e
histopatologicas de examenes. Los resultados fueron evaluado en comparacion con la de SCG
grupo.

Resultados: Los niveles de MDA, MPO y IL- 18 mostraron incrementos significativos en el grupo
TTD/torsion detorsion administrados frente a-50, KTD KTD-100 y SOG grupos. Por el contrario,
los niveles de tGSH, GPO y GST resultaron significativamente mas altas en KTD-50 KTD-100 y
grupos SOG de TTD en grupo.

Conclusion: La anakinra en 100 mg/kg dosis mejor histologicamente suprime el estrés oxidativo
y la tunica albuginea, células germinales, tibulos seminiferos apretadamente enrollados inter-
sticial y dafio en el tejido testicular en comparacion con la dosis de 50 mg/kg. Los resultados
experimentales indican que la anakinra puede ser beneficiosa en la atenuacion de los dafos I/R
testicular.

© 2017 Asociacion Espafnola de Andrologia, Medicina Sexual y Reproductiva. Publicado por
Elsevier Espafa, S.L.U. Todos los derechos reservados.

that I/R damage is a complex pathological process beginning
with the tissues becoming deprived of oxygen, progressing

Testicular ischemia reperfusion (I/R) damage occurs as a
result of the detorsion of torsioned testes. Despite early sur-
gical intervention to recover the ischemic testicle, only 32%
of testicles can be recovered successfully.” This is because
while testicular torsion leads to ischemic damage, detor-
sion results in reperfusion damage.? Studies have shown that
the damage detected in testicular biopsies following reper-
fusion is more severe than the damage in biopsies following
ischemia alone.? Despite the fact that even a single healthy
testicle does not pose a problem for fertility, unilateral tes-
ticular torsion leads to infertility in 25% of cases, and the
testicular damage, which may be seen at any age, increases
as the degree and duration of the torsion increase.* Free
oxygen radicals are blamed for this I/R damage in the
tissues.> On the other hand, proinflammatory cytokines,
such as interleukin one beta (IL-1), are reported to increase
following testicular I/R damage.® Recent studies proposed

to a change in the oxidant/antioxidant balance in favor of
oxidants and expanding with the inflammatory response.’
Therefore, it is thought that drugs showing antioxidant and
anti-inflammatory impacts that antagonise especially the
effect of IL-18 might be beneficial in testicular I/R dam-
age. Anakinra will be investigated in the present study to
determine whether it has a protective effect against testi-
cular I/R damage. It is the first biological agent approved
to block the proinflammatory effects of IL-1B in patients
with rheumatoid arthritis.® Anakinra has been reported to
improve inflammatory symptoms rapidly.’

Hasturk et al. reported that the amount of malondialde-
hyde (MDA), which is a product of lipid peroxidation, was
increased and the activities of enzymatic antioxidants were
decreased in spinal cord damage experimentally induced
in animals; in addition, the authors stated that anakinra
prevented the increase of MDA and decrease of enzymatic
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antioxidants in the spinal cord.”® Another recent study
reported that anakinra inhibited an increase in the IL-13
level following brain trauma, protecting the brain tissue
against oxidative damage."" Again, the protective effects of
anakinra have been emphasised in renal I/R damage.'? How-
ever, no information was found in the literature regarding
whether anakinra has a protective effect against testicular
I/R damage. Therefore, the objective of this study is to
investigate the effect of anakinra on testicular I/R damage
induced in rats with torsion/detorsion through biochemical,
gene expression and histopathological examinations.

Methods
Animals

This study included 40 Wistar albino male rats in total,
weighing between 215 and 225g (6 weeks) that were
supplied from Atatlirk University Medical Experimental
Application and Research Center. The animals were housed
and fed as groups at normal room temperature (22°C)
before the experiment. Our studies were conducted in
accordance with ethical rules, and all stages were approved
by the Ataturk University Local Ethics Committee for
Animal Experiments (AUHADYEK) in document No. 75296309-
050.01.04-E.1500124344 dated 27.11.2015 and by the
document of Ataturk University.

Chemical agents

The ketamine used in the experiment was supplied from
the Pfizer pharmaceutical company (Turkey), the anakinra
(Kineret) was supplied from Sobi (Sweden) and the xylazine
(Rompun) was supplied from Bayer (Istanbul-Turkey).

Animal groups

The experimental animals were divided into four groups:
the testicular torsion/detorsion (TTD), 50 mg/kg anakinra
+testicular  torsion/detorsion  (KTD-50), 100 mg/kg
anakinra + testicular  torsion/detorsion (KTD-100) and
sham operation (SOG) groups.

Experimental procedure

The KTD-50 (n=10) and KTD-100 (n=10) groups received an
intraperitoneal (i.p.) injection of 50 mg/kg and 100 mg/kg
of anakinra, respectively, 1h before anaesthesia. Alterna-
tively, the TTD (n=10) and SOG (n = 10) rat groups were given
distilled water by the same method. The surgical interven-
tions were performed in a proper laboratory setting under
sterile conditions with 50 mg/kg i.p. ketamine anaesthesia,
where animals were given a sniff of xylazine with adequate
intervals. TTD, KTD-50, KTD-100 and SOG group animals’
scrotum area was cleaned with 10% povidone iodine solution.
The scrotal space was reached by applying a vertical inci-
sion of two cm in length on the scrotum (on the midline) of
the subjects. Then the right testicle in the scrotal space was
taken out. Alternatively, the testicles of the SOG group were
inserted into the scrotum again without being subjected to

any procedure. The testes of the animals in the TTD, KTD-
50 and KTD-100 groups were torsioned 720 degrees for 4h.
At the end of this period, the testicles were detorsioned to
provide perfusion for 4 h again. All the rat groups were then
killed with a high-dose anaesthesia and their testicles were
removed. Biochemical, gene expression and histopathologic
examinations were performed on the removed testicular tis-
sues. The results obtained from the KTD-50, KTD-100 and
TTD groups were evaluated in comparison with the results
from the SOG group.

Biochemical procedures

Preparation of the samples

Tissue weighing 0.2g was removed from each testicular
tissue. pH=6 potassium phosphate buffer containing 0.5%
HDTMAB (0.5% hegza dodecyltrimethyl ammonium bromide)
for MPO assay in tissues, 1.15% potassium chloride solu-
tion for MDA and pH=7.5 phosphate buffer for tGSH were
made up to 2mL and homogenised in ice. These were than
centrifuged at 10,000 rpm for 15 min at +4°C, and the super-
natant obtained was used as the analysis specimen.

Malondialdehyde (MDA) analysis

The MDA measurement was based on the method described
by Ohkawa et al.'* This method is based on the spectro-
photometric measurement of the absorbance of the pink
colour complex formed by thiobarbituric acid (TBA) and MDA
at a high temperature (95°C) and a 532 nm wavelength. The
amount of red colour formed was read at 532 nm using 3-ml
cuvettes, and the MDA amounts of the samples were deter-
mined utilising the standard chart, which was created using
a prepared MDA stock solution, taking into account dilution
coefficients.

Determination of myeloperoxidase (MPO) activity

A pH=6 potassium phosphate buffer containing 0.5%
HDTMAB (0.5% Hexa-Dexyl-Tri-Methyl-Ammonium Bromide)
was prepared to determine the MPO level in the testicular
tissue homogenates. The oxidation reaction with MPO medi-
ated the H,0,, involving 4-amino antipyrine/phenol as a
substrate to determine MPO activity.'*

Total glutathione (tGSH) analysis

A total glutathione (tGSH) analysis was conducted accord-
ing to the method described by Sedlak and Lindsay.'” In this
method, sulfhydryl groups of GSH form a yellow colour TNB
(5-thio-2-nitrobenzoic acid) following a chemical reaction
with DTNB (5,5'-dithiobis [2-nitrobenzoic acid]). The inten-
sity of this colour is measured spectrophotometrically at
412 nm.

Glutathione peroxidase assay

Glutathione peroxidase (GPO) activity was determined using
the method described by Lawrence and Burk.'® After tis-
sue homogenisation, the supernatant was used for the GPO
measurement. The mixture was incubated after adding
monopotassium phosphate, EDTA, GSH, beta-NADPH, sodium
azide and GRx. As soon as hydrogen peroxide (H,0;) was
added, the chronometer was turned on, and the absorbance
at 340 nm was recorded every 15s for 5min.
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Glutathione s-transferase activity

Glutathione s-transferase (GST) activity was determined
by Habig and Jakoby.'” Briefly, the enzyme’s activity was
assayed spectrophotometrically at 340 nm in a 4-ml cuvette
containing 0.1 M PBS (pH 6.5), 30 mM GSH, 30 mM 1-chloro-
2,6-dinitrobenzene and a tissue homogenate.

RNA extraction

First, 200.0 pL of the extract obtained from the fragmented
tissue was placed in a MagNA Pure Compact automatic
RNA isolation device (Roche). Then, a 50.0 uL RNA sample
was obtained through RNA isolation using the MagNA Pure
Compact RNA isolation kit (Roche).

Stage of cDNA synthesis

The concentration of the RNA obtained was measured. Based
on the measured RNA concentration, the RNA was either
diluted or undiluted to yield 15-20 ng of cDNA. Then, 10.0 pL
of each calibrated sample, 2.0 uL of a random primer and
1.0 uL of distilled water from the Transcriptor First Strand
cDNA Synthesis Kit (tube No. 6) were transferred into the
0.2-PCR tube. Denaturation was then conducted in the
reverse-transcription PCR instrument at 65°C for 10min.
The mixture was added to the denatured RNA to form
cDNA. The quantities of the substances included in the
mixture used for each sample were as follows (from the
Transcriptor First Strand cDNA synthesis kit): 4.0 pL of the
reaction buffer (No. 2), 5.0 uL of RNAase (No. 3), 2.0 uL of
the deoxynucleotide mix (No. 4) and 0.5 pL of the reverse
transcriptase (No. 1). After the addition of 7.0 uL of the
mixture to the denatured RNA, the tube was placed in the
reverse-transcription PCR instrument and subjected to an
appropriate PCR program.

Determination of the IL-1B gene expression

For each cDNA sample, gene expression of IL-18 was ana-
lysed using the Roche LightCycler 480 Il Real-Time PCR
instrument (Mannheim-Germany). PCR reactions were in
a final volume of 20 pL: 5L cDNA, 3L distilled water,
10 uL LightCycler 480 Probes Master (Roche Diagnostics)
and 2 pL primerprobe set (Real-Time Ready single assay-
Roche). Cycle conditions of the relative quantitative PCR
(qPCR) were preincubation at 95°C for 10 min, followed by
45 amplification cycles of 95°C for 10s, 6°C for 30s, 72°C
for 1s, followed by cooling at 40°C for 30s. qPCR analysis
and calculation of quantification cycle (Cq) values for Rela-
tive Quantification were performed with the LightCycler 480
Software, Version 1.5 (Roche Diagnostics). Relative quanti-
tative amounts were calculated by dividing the target genes
by the expression level of the reference gene. Reference
gene was used for normalisation of target gene expression.

Histopathological analysis

Testicular tissues obtained from the rats were fixed in a 10%
formalin solution for 24 h. After routine tissue processing,
4-um thick sections were cut from the paraffin blocks and
stained with Hematoxylin and Eosin (H&E). All sections were
examined under an optic microscope (Olympus BX 52, Tokyo,
Japan) by a pathologist who was unaware of the treatment
protocols under optic microscope.

Statistical analysis

The results obtained from the experiments are expressed
as mean +standard deviation (x+SD). The significance of
the difference between the groups was determined using
a one-way analysis of variance (ANOVA) test followed by
Fisher’s post hoc least significant differences (LSD) test. All
statistical analyses were performed with the SPSS Version
18 statistical software, and p values < 0.05 were considered
significant.

Results
Biochemical results

As shown in Fig. 1, the mean amount of MDA was
6.6 +0.4 umol/g protein in the testicular tissue of the TTD
animal group subjected to torsion/detorsion alone. The
amount of MDA was measured as 4.6 +0.3 umol/g protein
(p<0.05) and 1.8+0.2 umol/g protein (p<0.0001) in the
KTD-50 and KTD-100 groups given anakinra, respectively,
and 1.6 £0.2 umol/g protein (p <0.0001) in the SOG group.

The torsion/detorsion process also significantly increased
the MPO activity in the testicular tissue. The MPO activ-
ity was elevated to 8.4+0.5umol/g protein in the TTD
group and decreased to 5.9 +0.3 wmol/g protein (p <0.05),
2.34+0.6 pmol/g protein (p<0.0001) and 2.2 +0.2 pmol/g
protein (p<0.0001) u/ml in the KTD-50, KTD-100 and SOG
groups, respectively (Fig. 1).

The torsion/detorsion event caused a decrease in the
tGSH amount in the testicular tissue. The mean amount of
tGSH, which is an endogenous antioxidant parameter, was
found to be 1.5+ 0.5nmol/g protein in the TTD group. Alter-
natively, tGSH was measured at 2.9 +0.4nmol/g protein,
7.24+0.4nmol/g protein (p<0.0001) and 6.9+ 1.5nmol/g
protein (p<0.0001) in the testicular tissues of the rats in
the KTD-50, KTD-100 and SOG groups (Fig. 1).

The torsion/detorsion process caused a decrease in the
GPO activity in the testicular tissue as well. The lowest GPO
activity was found in the TTD group at 3.1+ 0.6 umol/g pro-
tein, and the highest GPO activity was found in the SOG
group at 10.8+1.7 (p<0.0001) wmol/g protein. These val-
ues were found to be 5.8 £ 1.1 (p <0.05) wmol/g protein and
9.7+0.3 (p<0.0001) wmol/g protein in the KTD-50 and KTD-
100 groups, respectively (Fig. 1).

Another parameter with decreased activity in the tes-
ticular tissue subjected to torsion/detorsion was GST. The
GST activity was found to be 2.6+0.3umol/g protein
in the TTD group, while it was measured as 4.5+0.5
(p<0.05) pmol/g protein, 11.2+1.8 (p<0.0001) wmol/g
protein and 12.6 +1.4 (p<0.0001) wmol/g protein in the
KTD-50, KTD-100 and SOG groups, respectively (Fig. 1).

Gene expression results

The expression of IL-1B, which is known as a proinflam-
matory cytokine, was significantly increased in the testicular
tissue subjected to detorsion following the torsion pro-
cess. The mean expressions of IL-1B were found to be
6.0+0.8ng/ml, 3.3+0.7ng/ml (p<0.05), 2.0+£0.4ng/ml
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Figure 1

The amounts of MPO, MDA, tGSH, GPO and GST. TTD: Testicular torsion/detorsion, KTD-50: 50 mg/kg anakinra + testicular

torsion/detorsion, KTD-100: 100 mg/kg anakinra + testicular torsion/detorsion and SOG: sham operation group; n=10, *p <0.05 and

**p<0.0001.

(p<0.0001)and 1.8 +0.4ng/ml (p <0.0001) in the TTD, KTD-
50, KTD-100 and SOG groups, respectively (Fig. 2).

Histopathological results

Fig. 3aillustrates tunica albuginea, Leydig cells, interstitium
lumen, Sertoli cells, spermatogonium, primary spermato-
cyte and spermatid in the testicular tissue of the SOG
group (Johnsen score: 10; Multiple germinal epithelium, a
large number of spermatozoa, Table 1). However, there
was degeneration in the tunica albuginea (arrow), diffuse
interstitial area damage involving haemorrhage and oedema
(square arrow), dilated congested blood vessels (line arrow)

Table 1  Johnsen scoring system.
Number of groups  Johnsen Description
score

Fig. 3a 10 Full spermatogenesis

Fig. 3b 9 Slightly impaired
spermatogenesis,
many late
spermatids,
disorganised
epithelium

Fig. 3c 1 No seminiferous
epithelium

Fig. 3d 10 Full spermatogenesis

Fig. 3e 10 Full spermatogenesis
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Figure 2 The amounts of the IL-1B gene expression.
TTD: Testicular torsion/detorsion, KTD-50: 50mg/kg
anakinra + testicular torsion/detorsion, KTD-100: 100mg/kg

anakinra + testicular torsion/detorsion and SOG: sham operation
group; n=10, *p<0.05 and **p <0.0001.
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Figure 3

(a) Normal testicular histology of SOG (sham operation group); TA: Tunica albuginea, LH: Leydig cell, IN: Interstitium,

L: Lumen, S: Sertoli cell, SG: Spermatogonium, SP: Primer spermatocid, SD: Spermatid. (b) The degeneration and haemorrhage
at tunica albuginea (arrow) and the interstitial area with oedema (square arrow), congestion dilated blood vessels (line arrow),
and seminiferous tubule structures containing disorganised germ cells (circle arrow) in the TTD group. (c) The necrotic destructed
seminiferous tubules (circle arrow) and destructive seminiferous tubule structures containing dystrophic calcifications secondary to
necrosis (square arrow) in the TTD group. (d) The tunica albuginea containing mild degeneration (square arrow), interstitial oedema
and congestion of dilated blood vessels (line arrow), mildly disorganised germ cells in the focal areas and an irregular structure of
the seminiferous tubules (arrow) and similar to interstitium tissue (circle arrow) including Leydig cells in many areas in the KTD-50
group. (e) The dilated vascular congestion (circle arrow) in the KTD-100 group (magnification 10x, H&E 200).

and seminiferous tubule structures containing disorganised
germ cells (circle arrow) (Johnsen score: 9; Disorganised
germinal epithelium, lumen accumulation and spermatozoa
present, Table 1) in the TTD group, which was subjected to
the torsion/detorsion process (Fig. 3b). Again, destructive
seminiferous (circle arrow) tubular structures involving dys-
trophic (square arrow) calcifications secondary to necrosis
and necrotic destructed seminiferous tubules were moni-
tored in the testicular tissue of this groups (Johnsen score: 1;
there is no cell in the seminiferous tubule, Table 1) (Fig. 3c).
Mild degeneration and a better protected tunica albuginea
(square arrow), dilated congested oedema in the intersti-
tium, dilated congested blood vessels (line arrow), mildly
disorganised germ cells in the focal areas, irregular sem-
iniferous tubular structures (arrow) and close to normal

interstitium tissue (circle arrow) involving Leydig cells in
most areas were observed in the KTD-50 group, which was
given 50mg/kg anakinra (Johnsen score: 10; Multiple ger-
minal epithelium, a large number of spermatozoa, Table 1)
(Fig. 3d). Anakinra at 100 mg/kg better protected the tes-
ticular tissue. Only the KTD-100 group exhibited dilated
congested vessels (circle arrow; Johnsen score: 10; Multi-
ple germinal epithelium, a large number of spermatozoa,
Table 1) (Fig. 3e).

Discussion

In this study, the effect of anakinra on I/R damage induced
in the testes of rats with torsion/detorsion was investigated
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through biochemical, gene expression and histopathologi-
cal examinations. The biochemical results indicate that the
levels of oxidant parameters, such as MDA and MPO, were
increased and the levels of antioxidant parameters, such as
tGSH, GPO and GST, were decreased in the testicular tis-
sue of the TTD group compared to that of the SOG group.
This demonstrates that the oxidant/antioxidant balance was
changed in favor of oxidants in the tissue subjected to tor-
sion/detorsion. This event is known as oxidative stress in
the literature.'® ' Studies propose that free oxygen radicals
are responsible for the tissue I/R damage.> Furthermore,
MDA is reported to be a reliable indicator of lipid perox-
idation caused by free oxygen radicals.?’ Recent studies
have reported that the torsion/detorsion process causes an
increase in the amount of MDA in the testicular tissue.?’

Again, in the present study, MPO activity was found
to be higher in the testicular tissue of the TTD group.
As mentioned above, oxidative I/R damage expands with
inflammation.” An indicator of inflammation, MPO both
causes the production of toxic radicals, such as 0,—, H,0;
and OH*, and converts H,0, to hypochlorous acid radical
(HOCl), a potent oxidant, in the presence of the Cl ion.?>?3
Silay et al. noted an increase in the MPO activity in the dam-
aged testicular tissue of the animals subjected to I/R.% In
our study, the MPO activity was found to be higher in the TTD
group compared to the SOG group, indicating our results are
consistent with the literature. The level of tGSH was found
to have decreased in direct proportion to the increases in
MDA and MPO in the testicular tissue subjected to the tor-
sion/detorsion process. Working to protect against oxidative
stress, tGSH is known as an important endogenous antioxi-
dant in the body. Yildiz et al. reported that the amount of
tGSH decreased in the testicular tissue, while the amount of
MDA observed increased.??¢ The torsion/detorsion process
caused a decrease in GPO activity in the testicular tissue,
as well. GPO is a cytosolic antioxidant enzyme responsi-
ble for the reduction of hydroperoxydes and the protection
of cells from oxidative stress.?” Ozbek et al. demonstrated
a significant decrease in GPO activity following testicular
I/R damage.?® In our study, besides GPO, GST activity also
decreased. No studies were found in the literature asso-
ciating testicular I/R damage with GST activity. However,
GST is known as an antioxidant enzyme that inactivates
oxidants.?’ This information obtained indicates that the oxi-
dant/antioxidant balance was changed in favor of oxidants
in the testicular tissue of the TTD group.

The expression of IL-1B showed a significant increase in
the testicular tissue of the TTD group. Shih et al. reported
that besides oxidant status, the torsion/detorsion process
also increases the level of IL-1B, which is an inflammation
index.? IL-1B is known to have numerous functions, includ-
ing an oxidative burst of neutrophils and release of free
radicals.3"3? IL-1B has been proposed to exert this effect
on neutrophils via stress-dependent kinases.>*** This sug-
gests that I/R damage may be alleviated with antioxidant
therapy. As seen from our experimental results, anakinra
changed the oxidant/antioxidant balance in favor of antiox-
idants in the testicular tissue subjected to torsion/detorsion
in a dose-dependent manner. No studies were found in
the literature regarding the effect of anakinra on testi-
cular damage induced by torsion/detorsion. However, some
studies demonstrated that anakinra decreases the amount

of MDA and increases the activities of enzymatic antioxi-
dants in the spinal cord tissue with damage induced.” In
recent studies, anakinra has been reported to suppress the
expression of IL-1B in tissues with increased antioxidants. "
Furthermore, the IL-18 antagonist has been demonstrated
to have potential therapeutic value in the treatment of I/R
damage.*® Histopathologically, degeneration in the tunica
albuginea, diffuse interstitial area damage involving hae-
morrhage and oedema, dilated congested blood vessels,
seminiferous tubules containing disorganised germ cells and
necrotic destructed seminiferous tubule structures were
observed in the testicular tissue of the TTD group with higher
oxidant and lower antioxidant parameters. In addition,
the histopathological findings were milder in the KTD-100
group with a more significantly changed oxidant/antioxidant
balance in favor of antioxidants and a more significantly
suppressed expression of IL-18 compared to the KTD-50
group. Degeneration in the tunica albuginea observed in the
TTD group is among the pathological findings of the tes-
ticular tissue.’® In their study, Tuglu et al. demonstrated
the interstitial areas involving haemorrhage and oedema
histopathologically in the testicular tissue subjected to
I/R.> Again, it was reported that I/R may lead to the
occurrence and necrosis of seminiferous tubules containing
disorganised germ cells in the testicular tissue.*® Aldemir
et al. observed such histopathological findings as seminif-
erous tubule oedema, congestion and haemorrhage in the
testicular tissue subjected to 1/R.*° This information indi-
cates that our histopathological findings are consistent with
the literature. In conclusion, the torsion/detorsion process
created oxidative stress in the testicular tissue. Anakinra
at a dose of 100 mg/kg better prevented testicular dam-
age caused by torsion/detorsion compared to a dose of
50 mg/kg. The experimental results indicated that anakinra
might be beneficial in clinical practice in attenuation of the
damage that may occur during the reperfusion of torsioned
testicles.

Ethical disclosures

Protection of human and animal subjects. The authors
declare that the procedures followed were in accordance
with the regulations of the relevant clinical research ethics
committee and with those of the Code of Ethics of the World
Medical Association (Declaration of Helsinki).

Confidentiality of data. The authors declare that no patient
data appear in this article.

Right to privacy and informed consent. The authors
declare that no patient data appear in this article.

Conflicts of interests
The authors have no conflict of interests.

References

1. Krarup T. The testes after torsion. Br J Urol. 1978;50:43-6.
2. Melekos M, Asbach H, Markou S. Etiology of acute scrotum in 100
boys with regard to age distribution. J Urol. 1988;139:1023-5.


http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0005
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0005
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0005
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0005
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0005
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0005
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0005
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0005
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0005
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0005
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0005
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0005
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0005
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0005
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0005
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0010

94

E. Hirik et al.

w

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Blank ML, O’Neill PJ, Steigman CK, Cobb LM, Wilde RA, Haven-

stein PJ, et al. Reperfusion injury following testicular torsion
and detorsion in prepubertal rats. Urol Res. 1993;21:389-93.

. Barada JH, Weingarten J, Cromie W. Testicular salvage and age-

related delay in the presentation of testicular torsion. J Urol.
1989;142:746-8.

. Cadenas E. Mechanisms of oxygen activation and reactive oxy-

gen species detoxification. In: Oxidative stress and antioxidant
defenses in biology. Springer; 1995. p. 1-61.

. Lysiak JJ. The role of tumor necrosis factor-alpha and

interleukin-1 in the mammalian testis and their involvement
in testicular torsion and autoimmune orchitis. Reprod Biol
Endocrinol. 2004;2:1.

. Suleyman B, Albayrak A, Kurt N, Demirci E, Gundogdu C, Aksoy

M. The effect of etoricoxib on kidney ischemia-reperfusion
injury in rats: a biochemical and immunohistochemical assess-
ment. Int Immunopharmacol. 2014;23:179-85.

. Cvetkovic RS, Keating G. Anakinra. BioDrugs. 2002;16:303-11.
. Goldbach-Mansky R, Dailey NJ, Canna SW, Gelabert A, Jones

J, Rubin BIl, et al. Neonatal-onset multisystem inflammatory
disease responsive to interleukin-1@ inhibition. N Engl J Med.
2006;355:581-92.

Hasturk AE, Yilmaz ER, Turkoglu E, Arikan M, Togral G, Hayirli N,
et al. Potential neuroprotective effect of anakinra in spinal cord
injury in an in vivo experimental animal model. Neurosciences.
2015;20:124.

Askin Esen Hasturk M, Yilmaz ER, Turkoglu E, Kertmen H,
Horasanli B, Hayirli N, et al. Therapeutic evaluation of inter-
leukin 1-beta antagonist Anakinra against traumatic brain injury
in rats. Ulus Travma Acil Cerrahi Derg. 2015;21:1-8.

Rusai K, Huang H, Sayed N, Strobl M, Roos M, Schmaderer
C, et al. Administration of interleukin-1 receptor antago-
nist ameliorates renal ischemia-reperfusion injury. Transpl Int.
2008;21:572-80.

Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in ani-
mal tissues by thiobarbituric acid reaction. Anal Biochem.
1979;95:351-8.

Bradley PP, Priebat DA, Christensen RD, Rothstein G.
Measurement of cutaneous inflammation: estimation of neu-
trophil content with an enzyme marker. J Invest Dermatol.
1982;78:206-9.

Sedlak J, Lindsay RH. Estimation of total, protein-bound, and
nonprotein sulfhydryl groups in tissue with Ellman’s reagent.
Anal Biochem. 1968;25:192-205.

Lawrence RA, Burk RF. Glutathione peroxidase activity in
selenium-deficient rat liver. Biochem Biophys Res Commun.
1976;71:952-8.

Habig WH, Jakoby WB. Assays for differentiation of glutathione
S-transferases. Methods Enzymol. 1981;77:398-405.

Kisaoglu A, Borekci B, Yapca OE, Bilen H, Suleyman H. Tis-
sue damage and oxidant/antioxidant balance. Eurasian J Med.
2013;45:47-9.

Lei X, Chao H, Zhang Z, Lv J, Li S, Wei H, et al. Neuro-
protective effects of quercetin in a mouse model of brain
ischemic/reperfusion injury via anti-apoptotic mechanisms
based on the Akt pathway. Mol Med Rep. 2015;12:3688-96.
Serafini M, Del Rio D. Understanding the association between
dietary antioxidants, redox status and disease: is the total
antioxidant capacity the right tool? Redox Rep. 2013.

Dilber Y, Inan S, Ercan GA, Sencan A. The role of CAPE in
PI3K/AKT/mTOR activation and oxidative stress on testis tor-
sion. Acta Histochem. 2016;118:31-7.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Carden DL, Granger DN. Pathophysiology of ischaemia-
reperfusion injury. J Pathol. 2000;190:255-66.

Musemeche CA, Henning SJ, Baker JL, Pizzini RP. Inflammatory
enzyme composition of the neonatal rat intestine: implica-
tions for susceptibility to ischemia. J Pediatr Surg. 1993;28:
788-91.

Silay MS, Toklu H, Ozagarn A, Aydin M, Tetik S, Sener G,
et al. Montelukast prevents testes against ischemia-reperfusion
injury through suppression of iNOS expression. Turk J Urol.
2014;40:221.

Ozturk H, Ozturk H, Gideroglu K, Terzi H, Bugdayci G. Mon-
telukast protects against testes ischemia/reperfusion injury in
rats. Can Urol Assoc J. 2010;4:174-9.

Yildiz H, Durmus A, Simsek H, Yaman M. Dose-dependent pro-
tective effect of sildenafil citrate on testicular injury after
torsion/detorsion in rats. Andrologia. 2012;44:300-6.
Cheeseman K, Slater T. An introduction to free radical biochem-
istry. Br Med Bull. 1993;49:481-93.

Ozbek O, Altintas R, Polat A, Vardi N, Parlakpinar H, Sagir M,
et al. The protective effect of apocynin on testicular ischemia-
reperfusion injury. J Urol. 2015;193:1417-22.

Cnubben NH, Rietjens IM, Wortelboer H, van Zanden J,
van Bladeren PJ. The interplay of glutathione-related pro-
cesses in antioxidant defense. Environ Toxicol Pharmacol.
2001;10:141-52.

Shih H-J, Yen J-C, Chiu AW, Chow Y-C, Pan WH, Wang T-Y, et al.
FTY720 mitigates torsion/detorsion-induced testicular injury in
rats. J Surg Res. 2015;196:325-31.

Abu Elheija M, Dyomin V, Ganaiem M, Lunenfeld E, Vardy NS,
Huleihel M. Distinct expression of interleukin-1«, interleukin-
1B, and interleukin-1 receptor antagonist in testicular tissues
and cells from human biopsies with normal and abnormal his-
tology. J Interferon Cytokine Res. 2011;31:401-8.
Dinarello CA. Proinflammatory cytokines.
2000;118:503-8.

Minutoli L, Antonuccio P, Irrera N, Rinaldi M, Bitto A, Marini
H, et al. NLRP3 inflammasome involvement in the organ
damage and impaired spermatogenesis induced by testicular
ischemia and reperfusion in mice. J Pharmacol Exp Ther.
2015;355:370-80.

Turner TT, Bang HJ, Lysiak JL. The molecular pathology of exper-
imental testicular torsion suggests adjunct therapy to surgical
repair. J Urol. 2004;172:2574-8.

Li Y, Ding W, Gao W, Huo Y, Hong T, Zhu R, et al. The protec-
tive effect of interleukin-1 receptor antagonist on postischemic
reperfused myocardium and its possible mechanism. Zhonghua
Yi Xue Za Zhi. 2004;84:548-53.

Sibert L, Lacarriere E, Safsaf A, Rives N. Aging of the human
testis. Presse Medicale (Paris, France: 1983). 2014;43:171-7.
Tuglu D, Yuvanc E, Yilmaz E, Gencay lY, Atasoy P, Kisa U,
et al. The antioxidant effect of dexmedetomidine on testicular
ischemia-reperfusion injury. Acta Cir Bras. 2015;30:414-21.
Chi K-K, Zhang W-H, Chen Z, Cui Y, He W, Wang S-G, et al.
Comparison of quercetin and resveratrol in the prevention of
injury due to testicular torsion/detorsion in rats. Asian J Androl.
2015.

Aldemir M, Ozgiin G, Onen E, Okulu E, Kayigil O. Quercetin
has a protective role on histopathological findings on tes-
ticular ischaemia-reperfusion injury in rats. Andrologia.
2012;44:479-83.

Chest  J.


http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0015
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0020
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0025
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0030
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0035
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0040
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0040
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0040
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0040
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0040
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0040
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0040
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0040
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0040
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0040
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0040
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0040
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0045
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0050
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0055
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0060
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0065
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0070
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0075
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0080
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0085
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0085
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0085
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0085
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0085
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0085
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0085
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0085
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0085
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0085
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0085
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0085
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0085
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0085
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0085
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0085
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0085
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0090
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0095
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0100
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0105
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0110
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0115
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0120
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0125
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0130
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0135
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0140
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0145
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0150
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0155
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0160
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0160
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0160
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0160
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0160
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0160
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0160
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0160
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0160
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0160
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0160
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0160
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0165
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0170
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0175
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0180
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0185
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0190
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195
http://refhub.elsevier.com/S1698-031X(17)30027-4/sbref0195

	Effect of anakinra, an interleukin one beta antagonist, on oxidative testicular damage induced in rats with ischemia reper...
	Introduction
	Methods
	Animals
	Chemical agents
	Animal groups
	Experimental procedure
	Biochemical procedures
	Preparation of the samples
	Malondialdehyde (MDA) analysis
	Determination of myeloperoxidase (MPO) activity
	Total glutathione (tGSH) analysis
	Glutathione peroxidase assay
	Glutathione s-transferase activity
	RNA extraction
	Stage of cDNA synthesis
	Determination of the IL-1β gene expression
	Histopathological analysis

	Statistical analysis

	Results
	Biochemical results
	Gene expression results
	Histopathological results

	Discussion
	Ethical disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Conflicts of interests
	References


