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Abstract

Objective: To investigate the relationship between the Sperm Motility Index and the presence
of reactive oxygen species in semen.

Methods: We retrospectively analyzed Sperm Motility Index measured by the Sperm Quality
Analyzer and reactive oxygen species levels in 92 semen samples of infertile male patients who
visited the Ebina Ladies’ Clinic between September 2011 and June 2012. Using the same semen
samples, we also analyzed 8 sperm parameters measured by computer-assisted semen analysis
and validated the relationship with the Sperm Motility Index.

Results: The presence of reactive oxygen species in semen was positive in 19 samples and
negative in 73 samples. In the reactive oxygen species-positive group, there was a significant
negative correlation between the logarithm of reactive oxygen species level and Sperm Motility
Index (p = 0.039).

Conclusions: This is the first study to find a significant negative correlation between Sperm
Motility Index and reactive oxygen species level. This result indicates that the presence of reac-
tive oxygen species in semen may inhibit the fertilization ability of spermatazoa as measured
by the Sperm Motility Index.
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vier Espana, S.L.U. All rights reserved.
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Correlacion negativa entre la presencia de especies reactivas del oxigeno y el indice
de movilidad espermatica en muestras completas de semen de varones estériles

Resumen

Objetivo: Investigar la relacion entre el indice de movilidad espermatica y la presencia de
especies reactivas del oxigeno en el semen.

Métodos: Analizamos retrospectivamente el indice de movilidad espermatica medido por el
analizador de calidad del esperma y los niveles de especies reactivas del oxigeno en 92 muestras
de semen de varones estériles que visitaron Ebina Ladies’ Clinic entre septiembre de 2011 y
junio de 2012. Con las mismas muestras de semen también analizamos 8 parametros del esperma
medidos mediante un analisis de semen asistido por ordenador y validamos la relacion con el
indice de movilidad espermatica.

Resultados: La presencia de especies reactivas del oxigeno en el semen dio positivo en
19 muestras y negativo en 73. En el grupo positivo para especies reactivas del oxigeno hubo una
correlacion negativa significativa entre el logaritmo de nivel de especies reactivas del oxigeno
y el indice de movilidad espermatica (p = 0,039).

Conclusiones: Este es el primer estudio que encuentra una correlacion negativa significativa
entre el indice de movilidad espermatica y el nivel de especies reactivas del oxigeno. Este
resultado indica que la presencia de especies reactivas del oxigeno en el semen podria inhibir
la capacidad de fecundacion de los espermatozoides segun la medicion del indice de movilidad
espermatica.

© 2016 Asociacion Espanola de Andrologia, Medicina Sexual y Reproductiva. Publicado por
Elsevier Espana, S.L.U. Todos los derechos reservados.

Introduction

Recently, the Sperm Quality Analyzer® (SQA), a useful instru-
ment to assess sperm quality, has been widely used in the
field of male infertility. The Sperm Motility Index (SMI) is a
single value obtained via the SQA that reflects the number of
sperm, intensity of movement, viability, and concentration
of motile sperm in a semen sample. The SMI is a measure-
ment of optical density fluctuations caused by motile cells
that has been reported to correlate statistically with motile
sperm parameters.'-* One study reported that the SMI could
be used to rule out oligozoospermia and asthenozoospermia
by setting a threshold value.” Based on previous studies,
the SMI is a simple and useful quantifiable measure of sperm
quality and activity.

Reactive oxygen species (ROS) in semen were first
reported by Aiken in 1987.° According to the study, immature
sperm and leukocytes in semen are considered the origin
of ROS. The presence of ROS affects sperm function and
fertilizing ability through several mechanisms, such as dete-
rioration of sperm motility, DNA fragmentation, and lipid
peroxidation of sperm plasma membranes.®-® Iwasaki et al.
reported that ROS was detected in the semen of 40% of male
infertile patients.” Another group suggested that the com-
bination of ROS level and total antioxidant capacity could
predict idiopathic male infertility.'% "

Although both SMI and ROS are useful to assess sperm
quality and activity, no previous study has examined the
relationship between these two parameters. The aim of
this study was to examine the relationship between SMI
and ROS in infertile males to determine the utility of mea-
suring ROS levels in semen.

Materials and methods

We examined the nonprocessed semen samples of 92 male
patients who visited the Ebina Ladies’ Clinic between
September 2011 and October 2012. Written informed con-
sent was obtained from all patients for their data to be
used for research purposes. At the patients’ first visits,
the SMI of the semen samples was measured using SQA-V®
(Medical Electronic Systems, Israel). Using the same semen
samples, a computer-assisted semen analyzer (CASA) was
also used to determine 8 semen parameters: concentration,
motility, straight-line velocity (VSL), curvilinear velocity
(VCL), linearity, mean amplitude of lateral head displace-
ment (mALH), beat-cross frequency (BCF), and progressive
motility.

The ROS production levels in whole semen were measured
using a computer-driven LKB Wallac 1251 Luminometer™.
Chemiluminescence was recorded after the addition of 40 uL
of 4mM luminol (5-amino-2,3-dihydro 1,4-phtalazine-dione)
to 500 pL of whole semen. When the luminescence was
equal to or greater than 0.1 mV/s at peak value, ROS produc-
tion in the sample was considered positive.’ The integrated
values of ROS were also used to clarify the differences
between ROS positive and negative cases. The definite inte-
gral level of ROS between 0 and 30 min after the addition of
luminol was expressed by the unit mV/30min/10° spermato-
zoa and considered the ROS level of the sample (Fig. 1).

The samples were divided into an ROS-positive group
and an ROS-negative group. The SMI, ROS level, and
8 semen parameters were compared between the two groups
using univariate analysis. The correlation between SMI and
each semen parameter was calculated using the Spearman
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Peaiclevel Table 2 The correlation between SMI with each parameter
o measured with computer-assisted semen analysis (CASA).
§ // N\\“\ Spearman p p-Value
- — Concentration 0.641 <0.001°
g Luminol / Integral level (A) e Motility 0.538 <0.001°
B | VsL 0.352 0.001°
3 VCL 0.360 <0.001"
= mALH 0.600 <0.001"
5 , BCF 0.184 0.079
l I m Linearity 0.057 0.589
0 80 PM 0.547 <0.001"
Figure 1 The graph of ROS level measurement. Chemi- VSL, straight-line velocity; VCL, curvilinear velocity; mALH,

luminescence was recorded after the addition of 40 pL of 4 mM
luminol (5-amino-2,3-dihydro 1,4-phtalazine-dione) to 500 p.L of
whole semen. The definite integral of the ROS levels between
0 and 30 min (A) after the addition of luminol were expressed
by the values mV/30min/10° spermatozoa and considered the
ROS level of the sample.

rank correlation coefficient. In the ROS-positive group, the
correlation between log rank ROS level and SMI was also
examined. For all of the statistical tests, p <0.05 was con-
sidered significant.

Results

Out of 92 semen samples, 19 samples were positive for ROS
(20.7%), and 73 samples were negative for ROS (79.3%).
The mean age of patients in each group was 33 +7.47
(range 26-51) and 34.3 +4.4 (range 25-45) years, respec-
tively (p=0.919). A comparison of each semen parameter
between the ROS-positive group and the ROS-negative group
is shown in Table 1. Motility was significantly higher in the

Table 1 The comparison of each semen parameter
between reactive oxygen species (ROS)-positive and ROS-
negative groups.

Semen ROS-positive  ROS-negative  p-Value
parameters
(n=19) (n=73)
Age 33 34.3 0.919
Volume (mL) 2.5 2.98 0.076
Concentration 35.83 37.5 0.573
(x10%/mL)
Motility (%) 6.38 14.5 0.036"
VSL (um/s) 13.3 15.3 0.344
VCL (pm/s) 35.8 38.8 0.291
Linearity 0.4 0.372 0.533
mALH (p.m) 0.76 1.02 0.153
BCF (Hz) 11.8 11.6 0.714
Progressive 6.12 13.5 0.072
motility (%)
SMI 147 202.3 0.754

VSL, straight-line velocity; VCL, curvilinear velocity; mALH,
mean amplitude of lateral head displacement; BCF, beat-cross
frequency.

* Significant difference between two groups.

mean amplitude of lateral head displacement; BCF, beat-cross
frequency; PM, progressive motility.
* Significant correlation between two groups.

ROS-negative group than in the ROS-positive group (13.5%
vs. 6.12%, p=0.036). There were no significant differences
between the two groups for the remaining 7 sperm parame-
ters.

The correlation using the Spearman correlation coeffi-
cient between SMI and each semen parameter is shown
in Table 2. There was a significant correlation between
SMI and concentration(p =0.641), motility(o=0.538), VSL
(p=0.352), VCL (0 =0.360), mALH (0 =0.60), and progressive
motility(p=0.578), respectively (p<0.001). Correlations
between SMI and the 2 remaining parameters, BCF and lin-
earity, were not significant. The scatterplots are shown in
Fig. 2.

In the ROS-positive group, log ROS level and SMI
were significantly negatively correlated (Fig. 3; p=—0.477,
p=0.039). As for other semen samples, there was negative
correlation between log ROS level and semen concentra-
tion (p=—0.482, p=0.036) although there was no significant
correlation with the remaining 7 parameters.

Discussion

The SMI is a measurement of optical density fluctuations
caused by motile sperm cells. The SMI values are deter-
mined by introducing the diluted spermatozoa into a flat
glass capillary tube and passing light through the tube; the
SQA detects the variations in light caused by the moving
spermatozoa.'? Therefore, the SMI is the figure that reflects
the motile sperm’s concentration and velocity. Consider-
ing the mechanism, it is easy to presume that SMI would
correlate well with traditional semen parameters such as
concentration and motility. As expected, motility, concen-
tration, and most other semen parameters correlated with
SMI significantly in our study. Previous studies have shown
the clinical performance of SMI in screening and predicting
infertility. Martinez et al. reported that SMI correlated with
the concentration of progressively motile spermatozoa and
concluded that SMI is useful to rule out oligozoospermia
and asthenozoospermia.* As for assisted reproductive tech-
nology (ART), a previous study showed that SMI could
be a useful predictor of fertilization after in vitro fertil-
ization (IVF) and intracytoplasmic sperm injection (ICSI)
through setting adequate cut-off values.'* Considering these
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Figure 2 The scatterplots of the relationship between SMI and each semen parameter using the Spearman correlation coeffi-
cient. There was significant correlation between SMI and motility (0 =0.641), concentration (o =0.538), straight-line velocity (VSL)
(p=0.352), curvilinear velocity (VCL) (p=0.360), mean amplitude of lateral head displacement (mALH) (o =0.60), and progressive
motility (PM) (0=0.578), respectively (p <0.001).

findings, SMI appears to be a single value that can reliably
predict sperm quality and activity.

On the other hand, some studies have identified an asso-
ciation between the presence of ROS in semen and male
infertility and the negative outcome of fertility treatments. 07 o
Agarwal et al. reported that ROS level could distinguish
infertile males from normal controls through setting a cut-
off level of 102.2 relative light unit (RLU)/s/10(6) sperm
(sensitivity 76.4%, specificity 53.3%).'* Their group pre-
viously suggested that a scoring system composed of a
combination of ROS level and total antioxidant capacity
(ROS-TAC score) is a useful measurement of infertility and
can predict idiopathic male infertility.'®"" In IVF/ICSI pro-
cedures, high ROS levels have shown a negative association
with embryo development to the blastocyst stage.' As for o
the outcome of fertility treatment, namely pregnhancy, our o9 o
group has previously reported that the ROS level in semen 04
samples from the patients’ first visit was significantly higher
in the nonpregnant group than in the pregnant group among
the infertile couples who visited our clinic.'® Also, among 1.0 -
the patients who underwent ICSI, this study showed that -
pregnancy was less common in the high-ROS group."’ 0

Considering these results, it is important to determine
the role of ROS in semen, because it is possible that
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Figure 3 The correlation between log ROS level and SMI.

reducing the level of ROS could be a treatment target for
idiopathic male infertility. According to previous reviews,
antioxidant therapy for infertile males has been effective

There was a significant negative correlation between the two
parameters (p=—0.477, p=0.039).
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for improving sperm function and motility in experimen-
tal and clinical reports. However, the overall effectiveness
remains controversial mainly due to nonstandardization in
measuring the level of ROS and assessing clinical outcomes,
as well as incomplete understanding of the role of free
radicals in normal and abnormal sperm function leading to
male infertility.'®' Our group measured ROS as an inte-
grated level in nonprocessed semen so that we could better
confirm the relationship between motile parameters. Simi-
larly, Takeshima et al. reported that sperm concentration,
motility, mALH, and progressive motility showed inverse
correlations with the logarithmic transformed integrated
reactive oxygen species levels.?® Measurement of ROS levels
can be performed simply using nonprocessed semen sam-
ples. In the present study, we did not find the significant
correlation between log ROS level except concentration.
The cause is probably there were much less number of
patients than in the previous report. Correlation between
sperm concentration may suggest that ROS reflects the low
quality of sperm.

This study showed a significant negative correlation
between SMI and ROS levels. The SMI is a useful parameter to
show the total quality of semen samples and predict fertil-
ization rates in vitro. Our results indicate that the presence
of ROS lowers the sperm quality as reflected by the SMI, sug-
gesting that ROS levels themselves have the potential to be
a parameter that predicts low quality of semen. Although it
was not examined the correlation between ROS and results
of treatment such as pregnancy rates in the present study,
ROS would be a reliable biomarker of sperm quality if the
cut-off value for each treatment such as IVF and ICSI are
established. It allows us to predict pregnancy or fertiliza-
tion rate, or predict the effect of treatment in ART through
examining ROS level of cryopreserved or swim up sperm
samples.

The primary limitation of this study is that it was a retro-
spective analysis undertaken at a single center. Prospective
analysis involving a multicentre approach is required to con-
firm the results.

Conclusion

This is the first study to show a significant negative cor-
relation between SMI and ROS level. Therefore, ROS level
may have the potential to be a parameter that can predict
low quality of semen or the probability of fertilization or
pregnancy, just as SMI is used. Further investigation of the
potential uses of measuring ROS levels is needed.

Ethical disclosures

Protection of human and animal subjects. The authors
declare that no experiments were performed on humans or
animals for this study.

Confidentiality of data. The authors declare that they have
followed the protocols of their work center on the publica-
tion of patient data.

Right to privacy and informed consent. The authors have
obtained the written informed consent of the patients or

subjects mentioned in the article. The corresponding author
is in possession of this document.

Conflict of interest

There is no conflict of interest to declare.

References

1. Bartoov B, Ben-Barak J, Mayevsky A, Sneider M, Yogev L, Light-
man A. Sperm motility index: a new parameter for human sperm
evaluation. Fertil Steril. 1991;56:108-12.

2. Johnston R, Clarke GN, Liu DY, Baker HW. Assessment of the
sperm quality analyzer. Fertil Steril. 1995;63:1071-6.

3. Shibahara H, Naito S, Hasegawa A, Mitsuo M, Shigeta M, Koyama
K. Evaluation of sperm fertilizing ability using the Sperm Quality
Analyzer. Int J Androl. 1997;20:112-7.

4. Martinez C, Mar C, Azcarate M, Pascual P, Aritzeta JM,
Lopez-Urrutia A. Sperm motility index: a quick screening
parameter from sperm quality analyser IIB to rule out oligo-
and asthenozoospermia in male fertility study. Hum Reprod.
2000;15:1727-33.

5. Aiken RJ, Clarkson JS. Cellular basis of defective sperm function
and its association with the genesis of reactive oxygen species
by human spermatozoa. J Reprod Fertil. 1987;81:459-69.

6. Aiken RJ, Clarkson JS. Significance of reactive oxygen species
and antioxidants in defining the efficacy of sperm preparation
techniques. J Androl. 1988;9:367-76.

7. Twigg J, Fulton N, Gomez E, Irvine DS, Aitken RJ. Analysis of
the impact of intracellular reactive oxygen species generation
on the structural and functional integrity of human spermato-
zoa: lipid peroxidation. DNA fragmentation and effectiveness of
antioxidants. Hum Reprod. 1998;13:1429-36.

8. Kemal Duru N, Morshedi M, Oehninger S. Effects of hydrogen
peroxide on DNA and plasma membrane integrity of human
spermatozoa. Fertil Steril. 2000;74:1200-7.

9. Iwasaki A, Gagnon C. Formation of reactive oxygen species
in spermatozoa of infertile patients. Fertil Steril. 1992;57:
409-16.

10. Sharma RK, Pasqualotto FF, Nelson DR, Thomas AJ Jr, Agarwal
A. The reactive oxygen species-total antioxidant capacity score
is a new measure of oxidative stress to predict male infertility.
Hum Reprod. 1999;14:2801-7.

11. Pasqualotto FF, Sharma RK, Nelson DR, Thomas AJ, Agarwal A.
Relationship between oxidative stress, semen characteristics,
and clinical diagnosis in men undergoing infertility investiga-
tion. Fertil Steril. 2000;73:459-64.

12. Zavos PM, Correa JR, Zarmakoupis-Zavos PN. Measurement of
the sperm motility index via the sperm quality analyzer and its
relationship to other qualitative sperm parameters. Therioge-
nology. 1996;46:421-7.

13. Mahmoud AM, Gordts S, Vereecken A, Serneels A, Campo R,
Rombauts L, et al. Performance of the sperm quality analyser in
predicting the outcome of assisted reproduction. Int J Androl.
1998;21:41-6.

14. Agarwal A, Ahmad G, Sharma R. Reference values of reactive
oxygen species in seminal ejaculates using chemiluminescence
assay. J Assist Reprod Genet. 2015;32:1721-9.

15. Zorn B, Vidmar G, Meden-Vrtovec H. Seminal reactive oxy-
gen species as predictors of fertilization, embryo quality
and pregnancy rates after conventional in vitro fertilization and
intracytoplasmic sperm injection. Int J Androl. 2003;26:279-85.

16. Yumura Y, Iwasaki A, Saito K, Ogawa T, Hirokawa M. Effect of
reactive oxygen species in semen on the pregnancy of infertile
couples. Int J Urol. 2009;16:202-7.


http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0005
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0010
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0015
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0020
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0025
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0030
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0035
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0040
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0045
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0050
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0055
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0060
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0065
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0070
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0075
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0080

Negative correlation between reactive oxygen species and Sperm Motility Index in infertile males 89

17.

Das S, Chattopadhyay R, Jana SK, Narendra BK, Chakraborty C,
Chakravarty B, et al. Cut-off value of reactive oxygen species
for predicting semen quality and fertilization outcome. Syst Biol
Reprod Med. 2008;54:47-54.

. Saalu LC. The incriminating role of reactive oxygen species in

idiopathic male infertility: an evidence based evaluation. Pak J
Biol Sci. 2010;13:413-22.

. Chen SJ, Allam JP, Duan YG, Haidl G. Influence of reac-

tive oxygen species on human sperm functions and fertilizing

capacity including therapeutical approaches. Arch Gynecol
Obstet. 2013;288:191-9.

20. Takeshima T, Yumura Y, Yasuda K, Sanjo H, Kuroda S, Yamanaka

H, et al. Inverse correlation between reactive oxygen species in
unwashed semen and sperm motion parameters as measured by
a computer-assisted semen analyzer. Asian J Androl. 2016;1,
http://dx.doi.org/10.4103/1008-682X.173933 [Epub ahead of
print].


http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0085
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0090
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
http://refhub.elsevier.com/S1698-031X(16)30054-1/sbref0095
dx.doi.org/10.4103/1008-682X.173933

	Negative correlation between presence of reactive oxygen species and Sperm Motility Index in whole semen samples of infert...
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Ethical disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Conflict of interest
	References


