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Departamento de Educaç ão Física e Desportos, Universidade Federal de Santa Maria, 97105-900 Santa Maria, RS, Brazil
Departamento de Neuropsiquiatria, Universidade Federal de Santa Maria, 97105-900 Santa Maria, RS, Brazil
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a  b  s  t  r  a  c  t

Zearalenone  (ZEA)  is a mycotoxin  commonly  found  as  a contaminant  in cereals.  ZEA  toxicity  targets
mainly  the reproductive  system,  and  oxidative  stress  plays  an  etiological  role  in  its  toxic  effects.  There-
fore,  the  present  study  aimed  to investigate  the  effect  of lycopene,  a potent  carotenoid  antioxidant,  on
markers  of oxidative  stress  in liver,  kidney  and testes,  and  on  reproductive,  hematological  and  histopatho-
logical  parameters  after  ZEA  administration.  Adult  Swiss  albino  male  mice  received  lycopene  (20  mg/kg,
p.o.)  for  ten  days  before  a  single  oral  administration  of  ZEA  (40  mg/kg,  p.o.),  and  48  h  thereafter  tis-
sues  (liver,  kidney,  testes  and  blood)  were  collected  for biochemical,  hematological  and  histological
analyses.  Lycopene  prevented  ZEA-induced  changes  in  hematological  parameters  (increased  number
of leukocytes,  segmented  neutrophils,  sticks,  eosinophils  and  monocytes  and  decreased  number  of  red
blood cells  (RBC),  number  of  lymphocytes  and  platelets).  Moreover,  lycopene  prevented  the  reduction  in

the  number  and  motility  of  spermatozoa  and  the  testicular  tissue  damage  induced  by  ZEA.  In  addition,
lycopene  prevented  the  decrease  in glutathione-S-transferase  activity  in  kidney  and  testes  and  increased
glutathione-S-transferase  activity  per  se  in  the  liver,  kidneys  and  testes  as well as  superoxide  dismu-
tase  activity  in the liver.  In  summary,  lycopene  was  able  to  prevent  ZEA-induced  acute  toxic  effects  in
male  mice,  suggesting  that this  antioxidant  carotenoid  may  represent  a promising  prophylactic  strategy
against  ZEA  toxicity.

© 2014 Published by Elsevier GmbH.
. Introduction

Zearalenone (ZEA) is a fungal toxin produced by the fungi Fusa-
ium culmorum and Fusarium graminearum (Placinta et al., 1999;
inedine et al., 2007). Given ZEA is commonly found in widely-used
Please cite this article in press as: Boeira SP, et al. Lycopene treatment p
induced  by acute zearalenone administration in male Swiss mice. Exp Toxi

ngredients for many human and animal food, such as maize, bar-
ey, wheat, oats, sorghum and sesame seeds (Schollenberger et al.,
006; Zinedine et al., 2007), the presence of ZEA in food appears as
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940-2993/$ – see front matter ©  2014 Published by Elsevier GmbH.
ttp://dx.doi.org/10.1016/j.etp.2014.01.002
an important health issue, and therefore the study of ZEA toxicity
is of fundamental importance for the understanding and manage-
ment of its toxic effects.

The chemical structure of ZEA resembles that of naturally
occurring estrogens (Gromadzka et al., 2008), and in fact this
mycotoxin binds to estrogenic receptors (ER) (Boyd and Wittliff,
1978; Greenman et al., 1979). Accordingly, ZEA produces vari-
ous estrogen-disrupting effects at relatively low concentrations,
including infertility, reduced serum testosterone concentrations
and sperm counts, enlargement of ovaries and uterus, reduced inci-
revents hematological, reproductive and histopathological damage
col Pathol (2014), http://dx.doi.org/10.1016/j.etp.2014.01.002

dence of pregnancy, and decreased progesterone levels in animals
(Zinedine et al., 2007). In this context, the reproductive system
has been regarded as a major target of ZEA toxicity (Tiemann
and Danicke, 2007; Minervini and Dell’Aquila, 2008). For instance,

dx.doi.org/10.1016/j.etp.2014.01.002
dx.doi.org/10.1016/j.etp.2014.01.002
http://www.sciencedirect.com/science/journal/09402993
http://www.elsevier.de/etp
mailto:furian.anaflavia@gmail.com
dx.doi.org/10.1016/j.etp.2014.01.002
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Fig. 1. Schematic presentation of the experimental protocol. Mice were weighed
and randomly divided in four groups which received lycopene (Lyc) (20 mg/kg) or
olive oil (10 ml/kg) by gavage for ten days. In the eleventh day mice received ZEA
(40  mg/kg) or olive oil (10 ml/kg) by gavage. Forty eight hours after ZEA or vehi-
ARTICLETP-50808; No. of Pages 7

S.P. Boeira et al. / Experimental and 

hronic exposure to ZEA caused alterations in the reproductive tract
f laboratory (mice, rats and pigs) and farm animals (Minervini and
ell’Aquila, 2008).

In addition to its estrogen-like effects, it has been proposed
xidative stress plays an important role in ZEA toxicity. In fact, it has
een demonstrated that ZEA and its metabolites elicit lipid oxida-
ion in several cell lines (Kouadio et al., 2005; Hassen et al., 2007;
thmen et al., 2008), and that acute exposure to ZEA decreased
lutathione-S-transferase activity in mice kidney and testes (Boeira
t al., 2012). In addition, it has been shown that incubation with
ntioxidant vitamins A, E or C reduced the formation of DNA
dducts induced by ZEA in renal cells (Szkudelska et al., 2002).
ltogether, these results reinforce the idea that oxidative stress
ontributes to ZEA-induced toxicity and suggest that antioxidants
ould be a potential therapeutic approach to prevent or slow the
rogression of the toxic effects induced by acute ZEA exposure.

Lycopene, the red pigment of tomato and other red fruits and
egetables, is a carotenoid with high antioxidant potential (Stahl
nd Sies, 2003). Several studies have suggested lycopene as a
otential agent for prevention of some types of cancers, particu-

arly prostate cancer (Giovannucci, 1999; Giovannucci et al., 2002;
hami and Moreira, 2004; Schwarz et al., 2008; Ozten-Kandas
nd Bosland, 2011). In addition, lycopene has been suggested as
n alternative treatment for sperm toxicity after chemotherapy
Atessahin et al., 2005, 2006; Sonmez et al., 2011). Moreover,
ycopene also displays protective properties in chronic cardio-
ascular disorders as well as respiratory and digestive epithelial
ancers (Rao, 2002; Voutilainen et al., 2006; Dahan et al., 2008).
owever, to the best of our knowledge, there is no information
vailable on the potentially beneficial effects of lycopene against
EA toxicity. Therefore, the present study aimed to evaluate the
ffects of lycopene on reproductive, hematological, histopatholog-
cal and oxidative stress parameters in the liver, kidney and testes
f male Swiss albino mice following acute exposure to ZEA.

. Materials and methods

.1. Animals and reagents

Male Swiss albino mice (25–30 g in weight and 90 days old)
ere used. Animals were housed in groups of 5 in Plexiglas cages

41 cm × 34 cm × 16 cm)  with the floor covered with sawdust. They
ere kept in a room with light–dark cycle of 12 h with the lights on

etween 7:00 and 19:00 h and temperature controlled (20–25 ◦C)
nd received water and food ad libitum.

The animals were maintained and used in accordance with the
uidelines of the Committee on Care and Use of Experimental Ani-
al  Resources (process #068/2012) of the Federal University of

anta Maria, Brazil.
Zearalenone (ZEA), reduced glutathione (GSH), 1-chloro-2,4-

initrobenzene (CDNB), epinephrine bitartrate salt, glycine, trizma
ase, were purchased from Sigma (St. Louis, MO,  USA). Lycopene
as obtained from commercially available capsules (Equaliv

icopeno®; the purity of lycopene in each capsule is 100% and
epresents 7% of total content and the remaining 93% consist of
xcipient). All other chemicals were analytical grade from local sup-
liers. The stain used for the blood smear (Quick Romanowsky) was
urchased from Laborclin (Pinhais, PR, Brazil). ZEA and lycopene
ere dissolved in olive oil, immediately before administration.

.2. Experimental design and sampling
Please cite this article in press as: Boeira SP, et al. Lycopene treatment p
induced  by acute zearalenone administration in male Swiss mice. Exp Tox

.2.1. Treatment
Treatment schedule is depicted in Fig. 1. Mice were weighed

nd randomly divided in two groups receiving lycopene (20 mg/kg)
cle  administration the animals received a dose of pentobarbital (180 mg/kg, i.p.),
and  blood and major organs were collected for biochemical and histopathological
analysis.

or olive oil (10 ml/kg) by gavage for ten days. In the eleventh day
each group was again randomly divided in two  groups receiving
ZEA (40 mg/kg – 8% of LD50) or olive oil (10 ml/kg) by gavage. Forty
eight hours after ZEA or vehicle administration the animals received
a dose of pentobarbital (180 mg/kg, i.p.), and blood was  collected by
cardiac puncture into tubes containing heparin (1 UI/�l). The liver,
kidneys and testes were removed, weighed, and homogenized in
Tris–HCl 50 mM pH 7.4 for the determination of enzymatic indica-
tors of oxidative stress. The epididymides were weighed and used
for determining the number and motility of spermatozoa. One of
the testes was  fixed in 10% formalin for histopathological exami-
nation, as described below.

2.3. Blood cells

Total leukocyte count was performed using 25 �l of blood
and 500 �l of Turkey solution in a Neubauer chamber with the
aid of optical microscope (Nikon Eclipse 50i) at 40× magnifica-
tion. The same technique was applied for differential counts of
neutrophils (segmented and sticks), eosinophils, basophils, lym-
phocytes and monocytes in blood smears (5 �l of blood). After
counts, slides were stained (Quick Romanowsky) and viewed
under a microscope according to the method described by Failace
et al. (2009). Red blood cells (RBC) were measured using a
blood counter (Mindray, BC-2800 Vet model) with adapted dilu-
tions.

2.4. Number and motility of spermatozoa

Assessment of spermatozoa count and motility was performed
according to Freund and Carol (1964). Briefly, the cauda epididy-
mides were homogenized in 2 ml  of warmed (37 ◦C) saline solution
(0.9% NaCl). An aliquot (10 �l) of the diluted spermatozoa sus-
pension was transferred to a standard hemocytometer counting
chamber and was allowed to stand for 5 min. Cells settled in the 5-
min  period were counted with the help of light microscope (Nikon
Eclipse 50i) at 200× magnification.

2.5. Antioxidant enzymes

2.5.1. Glutathione S-transferase (GST) activity
GST activity was assayed spectrophotometrically at 340 nm by

the method of Habig et al. (1974). The reaction mixture con-
tained a 50 �l aliquot from supernatant (1000 × g/10 min/4 ◦C) of
liver, kidney or testes, 0.1 M potassium phosphate buffer (pH 7.4),
100 mM GSH and 100 mM CDNB (1-chloro-2,4-dinitrobenzene).
GST activity was  expressed as nmol CDNB/min/mg of pro-
tein.
revents hematological, reproductive and histopathological damage
icol Pathol (2014), http://dx.doi.org/10.1016/j.etp.2014.01.002

2.5.2. Superoxide dismutase (SOD) activity
SOD activity was  determined in liver, kidney and testes, accord-

ing to the method described by Misra and Fridovich (1972). Briefly,

dx.doi.org/10.1016/j.etp.2014.01.002
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Fig. 2. Effect of ZEA (40 mg/kg, p.o.) and lycopene (20 mg/kg, p.o.) on blood cell count. (A) Number of leukocytes (F(1,25) = 16.28, P = 0.0005), (B) segmented neu-
trophils  (F(1,25) = 4.77, P = 0.038), (C) sticks (F(1,25) = 5.75, P = 0.024), (D) eosinophils (F(1,25) = 8.92, P = 0.0062), (E) monocytes (F(1,25) = 24.79, P = 0.0001), (F) lymphocytes
(F(1,25) = 6.21, P = 0.019), (G) platelets (F(1,25) = 7.70, P = 0.010) and (H) red blood cells (RBC) (lycopene F(1,25) = 22.31, P = 0.001 and ZEA factors F(1,25) = 43.04, P = 0.001). Data
are  mean + S.E.M. for n = 6–9 animals in each group. *Indicates a significant difference (P < 0.05) compared with olive oil group. #Indicates a significance difference (P < 0.05)
compared with ZEA olive oil group. £Indicates a significance difference (P < 0.05) between lycopene and the respective vehicle-treated controls. §Indicates a significance
d

t
t
R
r
a
r
a

ifference (P < 0.05) between ZEA and the respective vehicle-treated controls.

he supernatant fraction (20–60 �l) was added to a medium con-
aining glycine buffer (50 mM;  pH 10.5) and epinephrine (1 mM).
eaction was started by adding epinephrine to the medium, and the
Please cite this article in press as: Boeira SP, et al. Lycopene treatment p
induced  by acute zearalenone administration in male Swiss mice. Exp Toxi

eaction was spectrophotometrically followed at 480 nm for 300 s
t 30 ◦C. One unit (U) of SOD was defined as the amount of enzyme
equired to inhibit the rate of epinephrine auto-oxidation by 50%,
nd SOD activity was expressed as U/mg protein.
2.5.3. Catalase (CAT) activity
CAT activity was  determined in liver, kidney and testes,

according to the method proposed by Aebi (1984). Briefly, the reac-
revents hematological, reproductive and histopathological damage
col Pathol (2014), http://dx.doi.org/10.1016/j.etp.2014.01.002

tion medium consisted of 30 mM hydrogen peroxide in 50 mM
potassium phosphate buffer (pH 7.0). The reaction was spectropho-
tometrically followed at 240 nm for 120 s at 37 ◦C. CAT specific
activity was expressed as first-order rate constant k corrected per

dx.doi.org/10.1016/j.etp.2014.01.002
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Fig. 3 depicts the effects of ZEA and lycopene on reproductive
parameters in male mice. Acute administration of ZEA significantly
reduced the number (Fig. 3A) and motility of living spermatozoa

Fig. 4. Effect of ZEA (40 mg/kg, p.o.) and Lycopene (20 mg/kg, p.o.) on GST activity in
ig. 3. Effect of ZEA (40 mg/kg, p.o.) and lycopene (20 mg/kg, p.o.) on (A) number
permatozoa (F(1,25) = 7.18, P = 0.012). Data are mean + S.E.M. for n = 6–9 animals in
Indicates a significant difference (P < 0.05) compared with ZEA olive oil group.

g  of protein. Appropriate controls for non-enzymatic decompo-
ition of hydrogen peroxide were included in the assays.

.6. Histopathologic examination

Testes were fixed in 10% formalin, dehydrated in ethanol,
leared in xylol and embedded in paraffin. After microtome sec-
ioning at 4 �m,  slices were stained with hematoxylin and eosin.
ight microscopy was used for the evaluations, according to the
ethod described previously by Brandão et al. (2009). The struc-

ural integrity of the testis, seminiferous tubules and interstitial
issues were evaluated, as well as morphology of spermatogonia,
permatocytes, spermatids and mature spermatozoa.

.7. Protein determination

Protein content was measured colorimetrically by the method
f Bradford (1976), using bovine serum albumin (1 mg/ml) as
tandard.

.8. Statistical analysis

Data were analyzed by two-way ANOVA and post hoc analyses
ere carried out by the Newman–Keuls test. When appropriate,
ata were transformed (Y = Log(Y)) to meet ANOVA requirements.

 probability of P < 0.05 was considered significant, and all data are
eported as mean and S.E.M.

. Results

.1. Hematological parameters

Treatment with lycopene for ten days did not change sig-
ificantly blood parameters (leukocytes, segmented neutrophils,
ticks, eosinophils, monocytes, lymphocytes and platelets number)
Fig. 2). On the other hand, a hematotoxic effect of ZEA and the pro-
ective effect of lycopene were evident after 48 h of exposure to

 single dose of the mycotoxin. Statistical analysis revealed that
EA significantly increased the number of leukocytes (Fig. 2A), seg-
ented neutrophils (Fig. 2B), sticks (Fig. 2C), eosinophils (Fig. 2D)

nd monocytes (Fig. 2E). In addition, ZEA decreased the number of
ymphocytes (Fig. 2F) and platelets (Fig. 2G). Interestingly, lycopene

as able to prevent the changes in the number of all blood cells ana-
yzed. ZEA and/or lycopene treatments did not change the count of
Please cite this article in press as: Boeira SP, et al. Lycopene treatment p
induced  by acute zearalenone administration in male Swiss mice. Exp Tox

asophils (data not shown).
Treatment with ZEA alone caused a significant decrease in RBCs

Fig. 2H). Mice treated with lycopene for ten days prior to ZEA
xposure exhibited prevention in this parameter.
ermatozoa in epididymis A: (F(1,25) = 5.13, P = 0.03) and (B) percentage of motile
 group. *Indicates a significant difference (P < 0.05) compared with olive oil group.

3.2. Reproductive parameters
revents hematological, reproductive and histopathological damage
icol Pathol (2014), http://dx.doi.org/10.1016/j.etp.2014.01.002

(A) liver (F(1,25) = 0.40, P = 0.530), (B) kidney (F(1,25) = 5.17, P = 0.031) and (C) testes
(F(1,24) = 3.97, P = 0.05). Data are mean + S.E.M. for n = 5–9 animals in each group.
CDNB (1-chloro-2,4-dinitrobenzene). *Indicates a significant difference (P < 0.05)
compared with olive oil group. #Indicates a significant difference (P < 0.05) com-
pared with ZEA olive oil group.

dx.doi.org/10.1016/j.etp.2014.01.002
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Fig. 5. Effect of ZEA (40 mg/kg, p.o.) and Lycopene (20 mg/kg, p.o.) on SOD activity
in  (A) liver (F(1,25) = 4.29, P = 0.048), (B) kidney (F(1,25) = 0.028, P = 0.8683) and (C)
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Fig. 6. Effect of ZEA (40 mg/kg, p.o.) and Lycopene (20 mg/kg, p.o.) on CAT activity
in  (A) liver (F(1,25) = 1.17, P = 0.2898), (B) kidney (F(1,25) = 0.0044, P = 0.9476) and
estes (F(1,23) = 0.609, P = 0.4431). Data are mean + S.E.M. for n = 5–8 animals in each

roup. *Indicates a significant difference (P < 0.05) compared with olive oil group.

Fig. 3B). Interestingly, lycopene increased sperm count per se,  but
id not affect motility of living spermatozoa. In addition, lycopene
as able to prevent the deleterious effects of ZEA on sperm count

nd motility.

.3. Antioxidant enzymes

Statistical analyses revealed that ZEA reduced GST activity in
idneys and testes (Fig. 4), and increased SOD activity in liver
Fig. 5). On the other hand, lycopene increased GST activity in all
issues, and prevented the ZEA-induced decrease in GST activity.
urthermore, lycopene increased hepatic SOD activity per se. CAT
ctivity was not altered in any of the tissues evaluated (Fig. 6).

.4. Histopathological analysis

Histopathological analysis of control and lycopene-treated ani-
als showed germ cells in the seminiferous tubules and interstitial

pace of normal aspect (Fig. 7A–D). In ZEA-treated animals we
etected hypercellularity in seminiferous tubules and also germ
ells in different stages presenting pyknotic nuclei and eosinophilic
Please cite this article in press as: Boeira SP, et al. Lycopene treatment p
induced  by acute zearalenone administration in male Swiss mice. Exp Toxi

ytoplasm. In addition, reduced intercellular connections typi-
al of tissue injury were found (Fig. 7E and F). Importantly,
ycopene prevented the testicular histopathological changes
licited by ZEA in spermatogonia, spermatocytes and spermatids
Fig. 7G and H).
(C)  testes (F(1,24) = 0.4503, P = 0.5086). Data are mean + S.E.M. for n = 5–9 animals in
each group.

4. Discussion

ZEA is a fusariotoxin occurs worldwide in cereals, animal food
and forages (Placinta et al., 1999; Zinedine et al., 2007), and
adversely affects reproduction (Creppy, 2002). In addition, ZEA is
also associated with several human diseases of unknown etiology
(Placinta et al., 1999). ZEA is a common contaminant of food (Abid-
Essefi et al., 2011), and therefore studying the protective potential
of natural compounds toward ZEA toxicity becomes important. Sev-
eral experimental studies have evidenced that plant-based diets,
in particular those rich in vegetables and fruits, provide a great
amount of antioxidant phytochemicals, such as vitamins C and E,
glutathione, flavonoids and vegetable pigments such as lycopene.
Accordingly, they offer protection against oxidative cellular dam-
age and consequently have been recognized as valuable sources of
nutraceuticals (Dimitrios, 2006). In this context, the present study
aimed to evaluate the protective effect of lycopene on hemato-
logical, reproductive, oxidative and histopathological deleterious
effects induced by the mycotoxin ZEA in mice.

We showed that acute ZEA administration caused deleterious
hematologic effects (Fig. 2) and strongly reduced the number and
motility of spermatozoa (Fig. 3) in male Swiss albino mice. The
role of oxidative stress in the toxic effects of ZEA was also inves-
revents hematological, reproductive and histopathological damage
col Pathol (2014), http://dx.doi.org/10.1016/j.etp.2014.01.002

tigated. Interestingly, this mycotoxin decreased GST activity in
kidneys and testes (Fig. 4) and increased SOD activity in liver (Fig. 5).
Histopathological analysis revealed toxic testicular effects induced

dx.doi.org/10.1016/j.etp.2014.01.002
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Fig. 7. Representative photomicrographs of hematoxylin-eosin stained sections from testis of mice (n = 4 in each group) treated with (A–B) olive oil only, (C–D) lycopene
plus  olive oil, (E–F) olive oil plus ZEA and (G–H) lycopene plus ZEA. Animals that received olive oil or lycopene but not ZEA the germ cells in the seminiferous tubules as well
as  the interstitial space appear with normal aspect. Note the presence of mature spermatogonia, spermatocyte and spermatids. In contrast, animals treated with ZEA and
olive  oil display hypercellularity in the seminiferous tubules and germ cells containing pyknotic nuclei (*) and eosinophilic cytoplasm (arrow). Also, intercellular connections
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ere  reduced. G and H represent lycopene + ZEA-treated animal showed slight or
mmature spermatids and spermatocytes with eosinophilic (arrow). I, interstitial s

agnifications are 10× (in A, C, E and G) or 40× (in B, D, F and H), respectively.

y this mycotoxin (Fig. 7). Importantly, treatment with lycopene
or ten days prior to ZEA exposure prevented the toxic effects of
EA on blood cells number, number and motility of spermato-
oa and histopathological damage. In addition, lycopene treatment
revented the ZEA-induced decrease in renal and testicular GST
ctivity, but did not alter hepatic SOD activity.

Lycopene, a naturally occurring carotenoid, has received partic-
lar attention in recent years because of its high antioxidant activity
nd free radical scavenging capacity (Cohen, 2002; Atessahin et al.,
006). For instance, lycopene is well known as highly efficient scav-
nger of singlet oxygen (O2) and other reactive species. During O2
uenching, energy is transferred from O2 to the lycopene molecule,
onverting it to the energy-rich triplet state. Thus, lycopene may
rotect in vivo against oxidation of lipids, proteins, and DNA (Gupta
nd Kumar, 2002; Stahl and Sies, 2003). Lycopene has been shown
o have the highest antioxidant activity among the carotenoids
egarding cell protection against hydrogen peroxide and nitrogen
ioxide radical components (Bose and Agrawal, 2007). In addition,

ycopene has been reported to attenuate oxidative stress and exert
nticancer effects both in vitro and in vivo (Cohen, 2002; Atessahin
t al., 2006). Bose and Agrawal (2007) reported that lycopene
levated the concentrations of GSH, which plays a major role in
aintaining high glutathione peroxidase and GST activities. Addi-

ionally, Kumar and Kumar (2009) showed that lycopene treatment
2.5, 5 and 10 mg/kg) significantly improved memory and restored
ST activity in the striatum, hippocampus and cortex of the brain
fter 3-NP model of Huntington’s disease.

Several antioxidant preparations have been examined for
Please cite this article in press as: Boeira SP, et al. Lycopene treatment p
induced  by acute zearalenone administration in male Swiss mice. Exp Tox

creening of compounds capable of crossing the blood testes bar-
ier and protecting the germinal epithelium and Leydig cells from
xidative stress (Aitken and Roman, 2008). For instance, Turk et al.
2008) showed that ellagic acid, a phenolic antioxidant compound,
ation in germ cells with spermatogonia, spermatocytes and spermatids. Note the
tubular lumen (arrowhead); Sg, spermatogonia; Sc, spermatocyte; St, spermatids.

ameliorated the cisplatin-induced reductions in weights of testes,
epididymis, seminal vesicles, and prostate along with epididymal
sperm concentration and motility. In addition, it has been reported
that the therapeutic antioxidant effect of lycopene (Hekimoglu
et al., 2009) and ellagic acid (Turk et al., 2011) on germ cells
could serve as promising intervention to oxidative stress-induced
infertility problems. In the present study, lycopene prevented the
testicular histopathological damage caused by ZEA, as well as the
harmful effects of this mycotoxin on sperm count and motility. To
the best of our knowledge, this is the first study to evaluate the
antioxidant activity of lycopene against testicular ZEA toxicity. To
some extend, our present results agree with previous studies on
the protective effect of lycopene. For instance, Tang et al. (2007)
demonstrated that lycopene prevented the oxidative damage to
DNA as well as the metabolic activation of aflatoxin B1 in F344
rats. Moreover, Leal et al. (1999) showed that lycopene prevented
the occurrence of oxidative stress in broiler chicks exposed to T-2
toxin.

In conclusion, in the present study we  showed that ZEA treat-
ment markedly impaired testicular function as well as caused
oxidative stress in Swiss albino mice. Importantly, treatment with
lycopene prevented such toxic effects. Our results also indicate that
lycopene could represent a preventive approach to minimize the
deleterious effects associated with ZEA exposure.

Acknowledgements
revents hematological, reproductive and histopathological damage
icol Pathol (2014), http://dx.doi.org/10.1016/j.etp.2014.01.002

Research supported by FAPERGS (grants # 10/0685-8, #
11/1630-1 and # 1879-25.51/13-6) and PqG 2013. Ana Flávia
Furian, Mauro Schneider Oliveira, Michele Rechia Fighera, Luiz Fer-
nando Freire Royes and Lucian Del Fabbro are the recipients of

dx.doi.org/10.1016/j.etp.2014.01.002


 ING Model

E

Toxico

C
f

R

A

A
A

A

A

B

B

B

B

B

C

C

D

D

F

F

G

G

G

G

G

H

ARTICLETP-50808; No. of Pages 7

S.P. Boeira et al. / Experimental and 

NPq fellowships. Carlos Borges Filho is the recipient of FAPERGS
ellowships.

eferences

bid-Essefi S, Zaied C, Bouaziz C, Salem IB, Kaderi R, Bacha H. Protective effect of
aqueous extract of Allium sativum against zearalenone toxicity mediated by
oxidative stress. Exp Toxicol Pathol 2011;64:689–95.

ebi H. Catalase in vitro. Methods Enzymol 1984;105:121–6.
itken RJ, Roman SD. Antioxidant systems and oxidative stress in the testes. Oxid

Med Cell Longev 2008;1:15–24.
tessahin A, Karahan I, Turk G, Gur S, Yilmaz S, Ceribasi AO. Protective

role of lycopene on cisplatin-induced changes in sperm characteristics,
testicular damage and oxidative stress in rats. Reprod Toxicol 2006;21:
42–7.

tessahin A, Yilmaz S, Karahan I, Ceribasi AO, Karaoglu A. Effects of lycopene
against cisplatin-induced nephrotoxicity and oxidative stress in rats. Toxicology
2005;212:116–23.

oeira SP, Filho CB, Del’Fabbro L, Royes LF, Jesse CR, Oliveira MS,  Furian AF.
Possible role for glutathione-S-transferase in the oligozoospermia elicited by
acute zearalenone administration in Swiss albino mice. Toxicon 2012;60:
358–66.

ose KS, Agrawal BK. Effect of lycopene from cooked tomatoes on serum antioxi-
dant enzymes, lipid peroxidation rate and lipid profile in coronary heart disease.
Singapore Med  J 2007;48:415–20.

oyd PA, Wittliff JL. Mechanism of Fusarium mycotoxin action in mammary gland. J
Toxicol Environ Health A 1978;4:1–8.

radford MM.  A rapid and sensitive method for the quantitation of microgram quan-
tities of protein utilizing the principle of protein–dye binding. Anal Biochem
1976;72:248–54.

randão R, Santos FW,  Oliveira R, Roman SS, Nogueira CW.  Involvement of non-
enzymatic antioxidant defenses in the protective effect of diphenyl diselenide
on  testicular damage induced by cadmium in mice. J Trace Elem Med  Biol
2009;23:324–33.

ohen LA. A review of animal model studies of tomato carotenoids, lycopene, and
cancer chemoprevention. Exp Biol Med  (Maywood) 2002;227:864–8.

reppy EE. Update of survey, regulation and toxic effects of mycotoxins in Europe.
Toxicol Lett 2002;127:19–28.

ahan K, Fennal M, Kumar NB. Lycopene in the prevention of prostate cancer. J Soc
Integr Oncol 2008;6:29–36.

imitrios B. Sources of natural phenolic antioxidants. Trends Food Sci Technol
2006;17:505–12.

ailace RR, Fernandes FB, Hemograma: Manual de Interpretaç ão. 5a ed. Artmed;
2009.

reund M,  Carol B. Factors affecting haemocytometer counts of sperm concentration
in human semen. J Reprod Fertil 1964;8:149–55.

iovannucci E. Tomatoes, tomato-based products, lycopene, and cancer: review of
the  epidemiologic literature. J Natl Cancer Inst 1999;91:317–31.

iovannucci E, Rimm EB, Liu Y, Stampfer MJ,  Willett WC.  A prospective study
of tomato products, lycopene, and prostate cancer risk. J Natl Cancer Inst
2002;94:391–8.

reenman DL, Mehta RG, Wittliff JL. Nuclear interaction of Fusarium mycotoxins
with estradiol binding sites in the mouse uterus. J Toxicol Environ Health A
1979;5:593–8.

romadzka K, Waskiewicz A, Chelkowski J, Golinski P. Zearalenone and its
metabolites: occurrence, detection, toxicity and guidelines. World Mycotoxin
Please cite this article in press as: Boeira SP, et al. Lycopene treatment p
induced  by acute zearalenone administration in male Swiss mice. Exp Toxi

J  2008;1:209–20.
upta NP, Kumar R. Lycopene therapy in idiopathic male infertility – a preliminary

report. Int Urol Nephrol 2002;34:369–72.
abig WH,  Pabst MJ,  Jakoby WB.  Glutathione S-transferases. The first enzymatic step

in  mercapturic acid formation. J Biol Chem 1974;249:7130–9.
 PRESS
logic Pathology xxx (2014) xxx– xxx 7

Hassen W,  Ayed-Boussema I, Oscoz AA, Lopez Ade C, Bacha H. The role of
oxidative stress in zearalenone-mediated toxicity in Hep G2 cells: oxidative
DNA damage, gluthatione depletion and stress proteins induction. Toxicology
2007;232:294–302.

Hekimoglu A, Kurcer Z, Aral F, Baba F, Sahna E, Atessahin A. Lycopene, an antioxidant
carotenoid, attenuates testicular injury caused by ischemia/reperfusion in rats.
Tohoku J Exp Med  2009;218:141–7.

Kouadio JH, Mobio TA, Baudrimont I, Moukha S, Dano SD, Creppy EE. Compar-
ative study of cytotoxicity and oxidative stress induced by deoxynivalenol,
zearalenone or fumonisin B1 in human intestinal cell line Caco-2. Toxicology
2005;213:56–65.

Kumar P, Kumar A. Effect of lycopene and epigallocatechin-3-gallate against 3-
nitropropionic acid induced cognitive dysfunction and glutathione depletion
in  rat: a novel nitric oxide mechanism. Food Chem Toxicol 2009;47:2522–30.

Leal M,  Shimada A, Ruı′z F, Mejı′a GE. Effect of lycopene on lipid peroxidation
and  glutathione-dependent enzymes induced by T-2 toxin in vivo. Toxicol Lett
1999;109:1–10.

Minervini F, Dell’Aquila ME.  Zearalenone and reproductive function in farm animals.
Int  J Mol  Sci 2008;9:2570–84.

Misra HP, Fridovich I. The generation of superoxide radical during the autoxidation
of hemoglobin. J Biol Chem 1972;247:6960–2.

Othmen ZO, Golli EE, Abid-Essefi S, Bacha H. Cytotoxicity effects induced by zear-
alenone metabolites, alpha zearalenol and beta zearalenol, on cultured vero
cells. Toxicology 2008;252:72–7.

Ozten-Kandas N, Bosland MC.  Chemoprevention of prostate cancer: natural
compounds, antiandrogens, and antioxidants - In vivo evidence. J Carcinog
2011;10:27.

Placinta CM,  D’Mello JPF, Mac  Donald AMC. A review of worldwide contamination of
cereal grains and animal feed with Fusarium mycotoxins. Anim Feed Sci Technol
1999;78:21–37.

Rao AV. Lycopene, tomatoes, and the prevention of coronary heart disease. Exp Biol
Med  (Maywood) 2002;227:908–13.

Schollenberger M,  Muller HM,  Rufle M,  Suchy S, Plank S, Drochner W. Natural
occurrence of 16 fusarium toxins in grains and feedstuffs of plant origin from
Germany. Mycopathologia 2006;161:43–52.

Schwarz S, Obermuller-Jevic UC, Hellmis E, Koch W,  Jacobi G, Biesalski HK. Lycopene
inhibits disease progression in patients with benign prostate hyperplasia. J Nutr
2008;138:49–53.

Shami NJIE, Moreira EAM. Licopeno como agente antioxidante. Rev Nutr
2004;17:227–36.

Sonmez M, Turk G, Ceribasi AO, Sakin F, Atessahin A. Attenuating effect of lycopene
and  ellagic acid on 2,3,7,8-tetrachlorodibenzo-p-dioxin-induced spermiotoxic-
ity  and testicular apoptosis. Drug Chem Toxicol 2011;34:347–56.

Stahl W,  Sies H. Antioxidant activity of carotenoids. Mol  Aspects Med
2003;24:345–51.

Szkudelska K, Szkudelski T, Nogowski L. Daidzein, coumestrol and zearalenone affect
lipogenesis and lipolysis in rat adipocytes. Phytomedicine 2002;9:338–45.

Tang L, Guan H, Ding X, Wang J. Modulation of aflatoxin toxicity and biomarkers by
lycopene in F344 rats. Toxicol Appl Pharmacol 2007;219:10–7.

Tiemann U, Danicke S. In vivo and in vitro effects of the mycotoxins zearalenone
and deoxynivalenol on different non-reproductive and reproductive organs in
female pigs: a review. Food Addit Contam 2007;24:306–14.

Turk G, Atessahin A, Sonmez M,  Ceribasi AO, Yuce A. Improvement of cisplatin-
induced injuries to sperm quality, the oxidant-antioxidant system, and the
histologic structure of the rat testis by ellagic acid. Fertil Steril 2008;89:1474–81.

Turk G, Ceribasi AO, Sahna E, Atessahin A. Lycopene and ellagic acid prevent testi-
cular apoptosis induced by cisplatin. Phytomedicine 2011;18:356–61.
revents hematological, reproductive and histopathological damage
col Pathol (2014), http://dx.doi.org/10.1016/j.etp.2014.01.002

Voutilainen S, Nurmi T, Mursu J, Rissanen TH. Carotenoids and cardiovascular health.
Am J Clin Nutr 2006;83:1265–71.

Zinedine A, Soriano JM,  Molto JC, Manes J. Review on the toxicity, occurrence,
metabolism, detoxification, regulations and intake of zearalenone: an oestro-
genic mycotoxin. Food Chem Toxicol 2007;45:1–18.

dx.doi.org/10.1016/j.etp.2014.01.002
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0005
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0010
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0010
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0010
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0010
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0010
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0010
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0010
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0010
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0015
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0015
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0015
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0015
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0015
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0015
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0015
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0015
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0015
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0015
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0015
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0015
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0015
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0015
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0015
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0020
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0025
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0025
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0025
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0025
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0025
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0025
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0025
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0025
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0025
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0025
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0025
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0025
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0025
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0025
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0025
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0030
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0035
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0040
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0040
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0040
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0040
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0040
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0040
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0040
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0040
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0040
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0040
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0040
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0040
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0040
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0040
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0040
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0040
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0045
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0050
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0055
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0060
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0060
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0060
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0060
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0060
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0060
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0060
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0060
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0060
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0060
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0060
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0060
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0060
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0060
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0060
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0060
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0065
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0065
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0065
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0065
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0065
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0065
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0065
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0065
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0065
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0065
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0065
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0065
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0065
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0065
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0070
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0070
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0070
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0070
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0070
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0070
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0070
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0070
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0070
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0070
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0070
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0070
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0080
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0080
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0080
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0080
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0080
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0080
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0080
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0080
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0080
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0080
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0080
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0080
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0080
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0080
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0080
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0080
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0085
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0085
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0085
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0085
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0085
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0085
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0085
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0085
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0085
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0085
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0085
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0085
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0085
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0085
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0085
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0085
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0085
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0085
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0090
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0090
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0090
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0090
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0090
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0090
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0090
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0090
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0090
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0090
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0090
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0090
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0090
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0090
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0090
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0090
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0090
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0090
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0095
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0100
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0100
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0100
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0100
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0100
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0100
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0100
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0100
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0100
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0100
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0100
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0100
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0100
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0100
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0100
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0105
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0105
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0105
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0105
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0105
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0105
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0105
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0105
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0105
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0105
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0105
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0105
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0105
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0105
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0105
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0105
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0110
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0110
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0110
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0110
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0110
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0110
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0110
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0110
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0110
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0110
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0110
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0110
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0110
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0110
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0110
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0110
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0115
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0120
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0125
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0130
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0135
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0140
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0140
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0140
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0140
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0140
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0140
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0140
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0140
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0140
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0140
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0140
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0140
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0140
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0140
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0145
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0145
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0145
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0145
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0145
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0145
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0145
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0145
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0145
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0145
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0145
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0145
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0145
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0145
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0145
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0145
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0150
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0155
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0155
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0155
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0155
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0155
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0155
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0155
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0155
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0155
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0155
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0155
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0155
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0155
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0155
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0155
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0155
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0160
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0165
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0165
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0165
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0165
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0165
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0165
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0165
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0165
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0165
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0165
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0165
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0165
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0165
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0165
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0165
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0165
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0170
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0175
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0175
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0175
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0175
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0175
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0175
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0175
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0175
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0175
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0175
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0175
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0175
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0175
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0175
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0175
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0180
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0180
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0180
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0180
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0180
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0180
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0180
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0180
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0180
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0185
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0190
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0190
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0190
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0190
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0190
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0190
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0190
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0190
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0190
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0190
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0195
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0195
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0195
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0195
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0195
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0195
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0195
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0195
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0195
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0195
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0195
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0195
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0195
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0195
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0195
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0200
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0200
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0200
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0200
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0200
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0200
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0200
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0200
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0200
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0200
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0200
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0200
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0200
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0200
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0200
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0200
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0200
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0205
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0210
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0215
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0215
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0215
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0215
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0215
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0215
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0215
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0215
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0215
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0215
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0215
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0215
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0215
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0215
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0215
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0220
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0220
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0220
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0220
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0220
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0220
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0220
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0220
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0220
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0220
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0220
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225
http://refhub.elsevier.com/S0940-2993(14)00003-7/sbref0225

	Lycopene treatment prevents hematological, reproductive and histopathological damage induced by acute zearalenone administ...
	1 Introduction
	2 Materials and methods
	2.1 Animals and reagents
	2.2 Experimental design and sampling
	2.2.1 Treatment

	2.3 Blood cells
	2.4 Number and motility of spermatozoa
	2.5 Antioxidant enzymes
	2.5.1 Glutathione S-transferase (GST) activity
	2.5.2 Superoxide dismutase (SOD) activity
	2.5.3 Catalase (CAT) activity

	2.6 Histopathologic examination
	2.7 Protein determination
	2.8 Statistical analysis

	3 Results
	3.1 Hematological parameters
	3.2 Reproductive parameters
	3.3 Antioxidant enzymes
	3.4 Histopathological analysis

	4 Discussion
	Acknowledgements
	References


