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The  aim  of  this  study  was  to evaluate  the  protective  effect  of  grape  skin  or  purple  carrot  extracts  against
cadmium-induced  intoxication  in  rats’ kidneys.  For  this purpose,  30 male  Wistar  rats  were  distributed  into
six groups  (n =  5), as follows:  control  group;  cadmium  group  and  groups  treated  with  grape  skin  at  175  or
350 mg  / L doses;  or purple  carrot  extract  at 400  mg  / L or 800  mg / L  doses,  by drinking  water.  In  the  group
exposed  to  cadmium,  histopathological  analysis  revealed  severe  tissue  injury  as  a result  of coagulation
necrosis,  congested  vessels  and  inflammatory  infiltrate.  Animals  treated  with  grape  skin  or purple  carrot
extracts improved  the  histopathological  changes  induced  by  cadmium.  8-OHdG  immunoexpression  and
catalase gene  expression  decreased  in rats  treated  with  purple  carrot  or  grape  skin  extracts.  Grape  skin
ats extract  was able  to increase  SOD-CuZn  gene  expression  as well.  Toll-like  signaling  pathway  (TLR2,  PIKK
and TRAF6)  and  cytochrome  c expressions  were  not  altered  after  the  treatment  with  grape  skin  or  purple
carrot  extracts.  Taken  together,  we  conclude  that  grape  skin  and  purple  carrot  extracts  had  a  protective
effect  on  the  rats’  kidneys  after  cadmium  intoxication,  by  means  of  tissue  regenerating  tissue  regeneration
and  antioxidant  properties,  grape  skin  extract  being  more  effective  for this  purpose.
. Introduction

Environmental exposure to cadmium has been widely reported
n scientific literature because of its high bioaccumulation; it can
emain in the human body for two to three decades. The non-
ssential metal comes from a variety of sources such as air, soil,
ood, some occupations and especially cigarettes, which have a
onsiderable amount of the metal in their composition [1–3].

Human exposure to cadmium can lead to systemic injury of
any organs such as kidneys, lungs, liver, reproductive system and

ones. The main biological action is due to the exponential increase
f reactive oxygen species, damaging tissues and/or cells. Cadmium
s classified by the International Agency for Research on Cancer

IARC) as a carcinogen for humans and experimental animals [4,5].

It has been well established that the kidney is one the
ost important organs for cadmium-induced intoxication, causing
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aulo, UNIFESP, Av. Ana Costa, 95, Vila Mathias, Santos, SP, 11060-001, Brazil.
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polyuria and proteinuria. Many studies have been conducted on
the biological actions promoted by cadmium, in order to identify
the molecular interaction between non-essential metals and renal
parenchyma [6]. Unfortunately, this has not yet been fully clarified.

Natural products represent a source of innovative therapeutic
alternatives for treating several diseases [7,8]. Among bioactive
substances available from plant origin, polyphenols are one of the
most investigated because their beneficial affects on health. In fact,
epidemiological, clinical and in vitro studies have shown multiple
positive biological effects closely related to polyphenols present
in the diet, having antioxidant, anti-inflammatory, antimicrobial,
anti-carcinogenic and antiviral activities [9–11].

In recent years, interest has been focused on the production and
extraction of polyphenols from various foods, such as the purple
carrot (Daucus carota). The extract is used as a natural dye in the
food industry. Besides the use as a natural feed additive, the con-
sumption of purple carrots has increased in Western Europe, due

to the relevant contribution of polyphenols incorporated into the
regular diet [12].

The protective effects attributed to polyphenols from grapes are
well established in scientific literature [13–15]. Particularly, our

https://doi.org/10.1016/j.pathophys.2019.07.001
http://www.sciencedirect.com/science/journal/09284680
http://www.elsevier.com/locate/pathophys
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pathophys.2019.07.001&domain=pdf
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Fig. 1. Experimen

esearch group has investigated the biological action of grape skin
nd purple carrot extracts in murine models following cadmium
ntoxication, with significant results for reducing oxidative damage
n hepatic and blood cells [16,17]. We  were also able to evaluate
he chemopreventive activity of purple carrot extract in rat tongue
arcinogenesis induced by 4-nitroquinoline 1-oxide (4NQO) [18].
he results revealed that purple carrot extract protected the oral
ucosa against the chemical carcinogen 4NQO by means of anti-
utagenic, anti-proliferative and anti-inflammatory actions [18].

hus, it would be interesting to know if, and to what extent, the
ioactive substances present in purple carrot and grape skin are
ble to protect kidney cells against cadmium-induced intoxication.
his would provide identification of tissues and / or organs which
re more sensitive to cadmium intoxication and of the role of grape
r purple carrot extracts in rats’ kidneys.

The aim of this study was to investigate whether grape skin and
urple carrot extracts may  protect rats’ kidneys against the harm-
ul activities induced by exposure to cadmium. For this purpose,
istopathological analysis, genotoxicity, anti-oxidant and inflam-
atory activities were evaluated.

. Material and methods

.1. Animals and experimental design

All experimental protocols involving animals were conducted as
escribed in the Principles for the Use of Guidelines for Laboratory
nimals. The study was approved by the Animal Ethics Committee
f the Federal University of São Paulo, UNIFESP, São Paulo, Brazil
CEUA, protocol number 6615170117).

All animals were purchased from the Center for the Develop-
ent of Experimental Models of Medicine and Biology (CEDEME)

t Federal University of São Paulo, São Paulo, and were kept under
ontrolled conditions of temperature (23 ± 1 ◦C), light- dark of 12 h
nd free access to water and diet. A total of 30 male Wistar rats
eighing 250 g on average and 8 weeks of age were distributed

nto six groups (n = 5), as follows: control group (untreated group)
admium group (Cd), and groups of grape extracts at 175 or 350 mg

 L doses and groups of purple carrot extracts at 400 mg  / L or
00 mg  / L doses. The daily dose was calculated to be equivalent to

umans, i.e, 2 g of polyphenols / day taking into account the murine
etabolism (two times faster than humans). The total amount of

olyphenols has sufficient capacity to promote beneficial effects
n human health as described elsewhere [19]. These values were
sign of this study.

175 mg  / l of grape extract or 400 mg  / L of purple carrot extract.
The experimental design is illustrated in Fig. 1.

Animals from control group received a single intraperitoneal
(i.p.) of water injection. Cadmiun and purple carrot and cadmium
and grape skin extract groups received a single i.p. injection of
cadmium chloride (1.2 mg  / kg body weight). After 15 days, the
experimental groups were treated with the respective extracts at
the doses previously adopted in this study for 15 days in drinking
water. The experimental design is described elsewhere [20,21].

Chemical characterization of grape and carrot extracts
was previously performed by our research group in order to
identify the main bioactive substances. These data were pub-
lished in the scientific literature [16,17]. For purple carrot
extract, the following bioactive substances were identified:
cyanidin-3-(2′′-xylosyl-galactoside), cyanidin-3-(2′′xylopiranose-
6′′-(6′′′-feruloylglucopyranose)-galactopyranose),
cyanidin-3-(2′′xylosyl-6′′-(6′′′-sinapoylglucoside)-galactoside),
caffeoyl N-tryptophan, caffeoyl N-tryptophan hexo-
side, caffeoylquinic acid and citric acid. The following
bioactive substances were recognized by ESI mass spec-
trometry in the grape skin extract: Peonidin, Malvidin,
Peonidin-3-O-Monoglucoside, Petunidin-3-O-Monoglicoside,
Malvidin-3-O-Monoglicoside, Peonidin-3-acetylglucose,
Petunidin-3-O-(6-O-Acetyl)Monoglicoside, Malvidin-3-
O-(6-O-Acetyl)Monoglicoside, Peonidin-3-O-Rutinoside,
Malvidin-3-O-(“6-p-coumaryl-glucoside), and Malvidin-caffeoyl-
3-glucoside.

2.2. Histopathological analysis

Histopathological evaluation was  made to the slides stained
with hematoxylin and eosin (H.E.) by light conventional micro-
scope (Olympus, Optical Co. Ltd, Tokyo, Japan). Histopathological
changes were evaluated by semi-quantitative scoring method: no
injury (0), mild: <25% (1), moderate: <50% (2), severe: <75% (3)
and very severe: >75% (da Silva et al. 2014). The following changes
were considered: tissue coagulation necrosis, tubular lesions and
glomerular destruction, hemorrhagic areas and chronic inflamma-
tory infiltrate.
2.3. Immunohistochemistry for 8OHdG

The immunohistochemistry for 8OHDG was performed as
described by Ruiz et al. (2018). For this purpose, it was  used the
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F reated with extracts of purple carrot and grape skin. A-control; B-cadmium; C-cadmium
a g;  E- cadmium and grape skin extract at 400 mg and F- cadmium and grape skin extract
a y glomerule destruction (circle) in cadmium group. H.E. staining. Bar = 32 um.

a
n
b
i
a
a

2

d
(
x
i
S
a
t
[

2

(
i
fi
c
s
t
u
F
M
p
C
T
T
s
T
G
C
a
c
a
c

2

b
u
I
G
U
J
W

Table 1
Histopathological changes in kidney of rats intoxicated by cadmium and treated
with purple carrot and grape skin extracts.

ESCORE 0 1 2 3 4
CTRL 5 0 0 0 0
Cd  0 0 0 5 0
Purple carrot. 400 + (Cd) * 0 4 1 0 0
Purple Carrot 800 + (Cd) * 0 4 1 0 0
Grape skin 175 + (Cd)* 0 4 1 0 0
Grape skin 350 + (Cd)* 0 4 1 0 0
ig. 2. Photomicrographies of renal tissue in animals intoxicated by cadmium and t
nd  purple carrot extract at 175 mg;  D- cadmium and purple carrot extract at 350 m
t  800 mg.  Note the presence of extensive coagularion necrosis (asterisk) followed b

nti-8-hydroxy-20-deoxyguanosine (8OHDG, Santa Cruz Biotech-
ologies IncTM, MO,  USA) at 1:100 dilution. The analysis was
ased on scores, taking into account the presence or absence of

mmunopositive cells as well as the extent of the stained sections,
s follows: no staining (0), weak staining (1), moderate staning (2)
nd strong staning (3) [16].

.4. Single cell gel (comet) assay

The single cell gel (comet) assay followed the guidelines
escribed by Tice et al. [22]. A total of 25 visible comets per animal
25 cells from each slide) were examined blindly by one observer at
400 magnification using a fluorescent microscope connected to an
mage analysis system (Comet Assay II, Perceptive InstrumentsTM,
uffolk, Haverhill, UK). To measure DNA damage, tail moment was
dopted in this study. The parameter is defined as the product of
he tail length and the fraction of DNA in the comet tail was used
22].

.5. Real time PCR (qPCR)

Total RNA was isolated from kidney using cold Trizol Reagent
InvitrogenTM, Carlsbad, CA, USA) according to the manufacturer’s
nstructions. RNA samples were treated with DNAse (DNase Ampli-
cation GradeTM, Applied BiosystemsTM, Foster City, CA, USA).
DNA synthesis was made using High Capacity cDNA Reverse Tran-
cription Kit (Applied BiosystemsTM, Foster City, CA, USA) according
o the manufacturer’s instructions. Real-time PCR was  performed
sing a 7500 Fast Real- Time PCR System (Applied BiosystemsTM,
oster City, CA, USA) and the Power SYBRTMGreen Kit (PCR Master
ix  2×, Applied BiosystemsTM, Foster City, CA, USA). The following

rimers sequence were used in this study: GAPDH: sense 5′-CAA
TC CCT CAA GAT TGT CAG CAA-3′ and anti-sense 5′-GGC ATG GAC
GT GGT CAT GA-3′, SOD-CuZn: sense 5′-CCA GTG CAG GAC CTC ATT
T-3′ and anti-sense 5′-CCT TTC CAG CAG TCA CAT TG-3′, SOD-Mn:
ense 5′-AAC ATT AAC GCG CAG ATC A-3′ and anti-sense 5′-AATATG
CC CCC ACC ATT GA-3′, Catalase: sense 5′-AGC GGA TTC CTG AGA
AG TG-3′ and anti-sense 5′-GAG AAT CGA ACG GCA ATA GG-3′,
ytochrome C: sense 5′- AGA ATG TTG GCT ACC AGG GC-3′ and
nti-sense 5′-GGA TGG GGC CAT ACA CGT AG-3′. PCR reactions were
onduced in duplicate for 40 cycles of 95 ◦C for 10 min, 95 ◦C for 15 s
nd 60 ◦C for 1 min. An amplification efficiency curve using different
DNA dilutions was performed for each gene tested.

.6. Western blotting analysis

The western blotting was performed according to the described
y Soares et al. [18]. The following primary antibodies were
sed: TLR2 (sc-101744) purchased from Santa Cruz Biotechnology,

nc.(Santa Cruz, CA, USA). The IKK (ab2064), TRAF6 (ab33915) and

ADPH (ab6276), which were purchased to ABCAM (Cambridge,
K). The intensities of each band sample were quantified by Image

 software (Image J, National Institute of Health, Maryland, USA).
hile performing calculations of each band obtained for analysis
* p < 0.05 compared to the cadmium (Cd) group. CTRL: control group; N = 5 per
group.

of proteins of interest for this study was normalized using GADPH
levels of the respective membrane.

2.7. Statistical analysis

All data were expressed as mean ± standard deviation (SD).
Real Time PCR and single cell gel (comet) assay data were evalu-
ated by two way analysis of variance (two –way ANOVA) followed
by Tukey’s multiple comparisons test. Histopathology, immuno-
histochemistry and western blotting analyzes were evaluated by
Kruskal-wallis non-parametric tested followed by Dunn’s test.
p < 0.05 was considered to be significant.

3. Results

3.1. Histopathological analysis

In the control group, the histopathological analysis revealed
cortex with centralized nuclei, glomeruli and preserved tubules,
demonstrating ordinary architecture (Fig. 2A). In animals exposed
to cadmium, an extensive tissue coagulation necrosis, tubular
lesions and glomerular destruction, hemorrhagic areas and chronic
inflammatory infiltrate were noticed (Fig. 2B). The animals exposed
to cadmium and then treated with purple carrot extract at doses
of 400 and 800 mg/L and grape skin extract at doses of 175 and
350 mg/L, restored the tissue damage caused by the non-essential
metal, as demonstrated by normal morphological characteristics
(Figs. 2C and 2D). Numerical data showed significant statistical dif-
ferences (p < 0.05) for all treated groups when compared to the
group exposed to cadmium but not treated. In animals treated
with grape skin extract at doses of 175 and 350 mg/L, a significant
reduction of tissue damage was  detected (Figs. 1E and 2F). Statisti-
cally significant differences (p < 0.05) were detected in both these
groups. The numerical results are presented in Table 1.

3.2. Immunohistochemistry for 8-OHdG

Immunoexpression of 8-OHdG was detected in the cytoplasm

and nucleus of kidney cells. In the control group, a low expression
of 8-OHdG was detected, mainly in the renal tubules (Fig. 3A). In
the cadmium-intoxicated group, a high expression of 8-OHdG was
detected in the renal parenchyma (Fig. 3B). In the groups treated
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Fig. 3. Immunohistochemistry for 8-OHDG in renal tissue of rats exposed to cadmium and treated with purple carrot and grape skin extracts. A-control; B-cadmium; C-
cadmium and purple carrot extract at 175 mg;  D- cadmium and purple carrot extract at 350 mg;  E- cadmium and grape skin extract at 400 mg and F- cadmium and grape
skin  extract at 800 mg.  Immunohistochemistry. Avidin-Biotin-Peroxidase System. Bar = 36 um.

Table 2
Immunohistochemical analysis of 8-OHdG in renal tissue of animals exposed to
cadmium and treated with extracts of grape skin and purple carrot.

ESCORE 0 1 2 3 4
CTRL 0 4 1 0 0
Cd  0 0 2 3 0
Purple carrot 400+ (Cd) * 3 1 1 0 0
Purple carrot 800 + (Cd) * 3 1 1 0 0
Grape skin 175 + (Cd)* 3 1 1 0 0
Grape skin 375 + (Cd)* 4 1 0 0 0

* p < 0.05 compared to the cadmium (Cd) group. CTRL: control group, N = 5 per
group.
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Fig. 4. DNA damage (expressed as tail moment) in the kidney of rats exposed to
cadmium and treated with purple carrot extract or grape skin extracts. * p < 0.05
when compared to the control group (Cd); ** p < 0.05 when compared to the cad-

treated with purple carrot and grape skin extracts, presenting sig-

F
t

ith grape skin and purple carrot extracts, a reduction in expres-
ion of 8-OHdG was noticed, when compared to the group exposed
o cadmium but otherwise untreated (Figs. 3C and 3F).

Semi-quantitative analysis showed a significant (p < 0.05)
ecrease in 8-OHdG immunoexpression from animals treated with
urple carrot extract or grape skin extract for the two doses tested

n each group. These results are shown in Table 2.

.3. Single cell gel (comet) assay

The results of the single cell gel (comet) assay are presented in
ig. 4. Cadmium group showed a significant increase for DNA dam-
ge (p < 0.05) when compared to the control group. Therefore, it
ppears that cadmium is a potent genotoxic agent for kidney cells.
n the groups treated with purple carrot extract at 400 mg  or 800 mg
oses, no significant differences was observed (p > 0.05). However,
rape skin at extract at 350 mg  promoted a significant reduction in
he DNA strand breaks, whereas the low dose of grape skin extract
175 mg)  was unable to significantly reduce genetic damage when
ompared to the cadmium group (p > 0.05). There was evidence
f a significant reduction of the tail moment values in animals

reated with grape skin extract at 350 mg  dose, demonstrating an
nti-genotoxic effect in the kidney cells.

ig. 5. Expression of SOD-CuZn, SOD Mn  and catalase in the kidneys of rats exposed to cad
o  the cadmium group. ** p < 0.05 when compared to the Cadmium group. CTRL: Grape 1:
mium group (Ctrl).: Grape 1: 175 mg; Grape 2: 350 mg; Carrot 1; 400 mg; Carrot 2:
800 mg.

3.4. Real time PCR

Cadmium was able to reduce the expression of SOD-CuZn
(p < 0.05) in kidney cells. In animals treated with grape skin extract
at 175 mg  or 350 mg,  significant statistical differences (p < 0.05)
in SOD-CuZn expression were observed when compared to the
cadmium group. However, there were no significant statistical dif-
ferences (p > 0.05) in the groups treated with purple carrot extract
for both doses tested. In a similar way, the expression of SOD-Mn
did not present remarkable changes for both extracts investigated
in this study.

Catalase expression showed a significant increase (p < 0.05) in
the animals exposed to cadmium, when compared to the con-
trol group. A reduced expression was also observed for all groups
nificant statistical differences (p < 0.05) when compared to animals
only exposed to cadmium. These results are presented in Fig. 5.

mium and treated with purple carrot and grape extracts. * p < 0.05 when compared
 175 mg;  Grape 2: 350 mg; Carrot 1; 400 mg;  Carrot 2: 800 mg.
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Fig. 6. Expression of cytochrome c in the kidneys of rats exposed to cadmium and
treated with purple carrot and grape extracts. * p < 0.05 when compared to the cad-
mium group. CTRL: Grape 1: 175 mg;  Grape 2: 350 mg;  Carrot 1; 400 mg;  Carrot 2:
8
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comet assay and immunohistochemistry, respectively. Firstly, our
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Cadmium increased cytochrome c expression in kidney
ells. Statistically significant differences (p < 0.05) were detected
etween cadmium and control groups. Conversely, treatments with
rape skin and purple carrot extracts did not interfere with the
xpression of cytochrome c, i.e., no statistically significant differ-
nces (p > 0.05) were detected. The results are shown in Fig. 6.

.5. Western blotting

Cadmium increased TLR2 protein expression (p < 0.05) when
ompared to control group. Nevertheless, not all treatments inves-
igated in this study were able to modulate the expression of TLR2

nd pIKK�. Similarly, the expression of TRAF6 was not altered in
nimals exposed to cadmium nor those treated with purple carrot
nd grape skin extracts. These results are shown in Fig. 7.

ig. 7. Western blotting analysis of TLR-2, pIKK�, and TRAF6 proteins in animals exposed
ompared to the control group. Grape 1: 175 mg;  Grape 2: 350 mg;  Carrot 1; 400 mg;  Car
logy 26 (2019) 263–269 267

4. Discussion

The aim of this study was to evaluate the nutraceutical poten-
tial of grape skin and purple carrot extracts following cadmium
intoxication of rats’ kidneys. For this purpose, histopathological
evaluation, immunohistochemical analysis for 8-OHdG, genotoxi-
city, antioxidant activity and toll-like signaling pathway were used
to elucidate the putative mechanisms of action induced by these
bioactive substances. To our knowledge, this approach has never
before been documented in scientific literature (Fig. 7).

It is well established that the kidney plays a crucial role fol-
lowing cadmium exposure [23]. In fact, cadmium is able to induce
severe lesions in the renal parenchyma, as evidenced by coagula-
tion necrosis, vascular congestion and inflammatory process [24].
When the animals were treated with purple carrot or grape skin
extracts, there was a significant improvement in renal morphol-
ogy, for both doses in this setting. Therefore, it is plausible that
extracts rich in bioactive substances detected by chemical analy-
sis, such as cyanidin, petunidin, caffeoyl, peonidin and malvidin,
etc., induced tissue regeneration after cadmium intoxication. All
animals treated with both extracts showed an absence of areas of
coagulation necrosis, with few foci of inflammatory infiltrate and
vascular congestion. Surprisingly, the morphological evaluation
for studying the nutraceutical potential of bioactive compounds
against cadmium-induced renal toxicity is scarce in existing lit-
erature [25]. Recent data and studies on this subject investigated
antioxidant system, inflammatory biomarkers and renal function
[26,27]. No studies have yet been conducted into the effects of
using purple carrot extract. This clearly demonstrates the need to
investigate morphological characteristics induced by these bioac-
tive substances following exposure to non-essential metals, such
as cadmium. Certainly, this analysis will contribute to scientific
literature.

To further elucidate the cell signaling pathways that are closely
involved in the regeneration of the renal tissue, this study evaluated
results demonstrated that purple carrot and grape skin extracts
were able to decrease oxidative stress by decreasing the 8-OHdG

 to cadmium and treated with grape skin and purple carrot extracts. * p < 0.05 when
rot 2: 800 mg.



2 physio

i
t
p
b
w
s
h
w
i
t
t
c
c
a
i
c
a

g
a
c
g
s
s
h
e
m
a
a
e
a
s
m
t

r
t
o
l
p
R
v
t
e
t
h
c
[
n

T
i
i
r
c
h
s
i
s
e
f
p

t
i
m

[

[

[

[

[

[

[

[

[

[

[

cadmium, Environ. Sci. Pollut. Res. 21 (2014) 13118–13126.
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D.A. Ribeiro, Mimosa (Mimosa caesalpiniifolia) prevents oxidative DNA
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mmunoexpression in kidney cells. This was not supported by geno-
oxicity data, since only the highest dose of grape skin extract
romoted an antigenotoxic effect. In an earlier study conducted
y Chomchan et al. [28], the authors demonstrated that selenium
as able to exert an antigenotoxic effect on renal cells after expo-

ure to cadmium. Using non-mammalian species, other authors
ave also evidenced the genotoxic action induced by cadmium as
ell as the antigenotoxic effect of bioactive compounds follow-

ng cadmium exposure [29,30]. To date, no study has been able
o evaluate 8-OHdG immunoexpression in rats’ kidneys exposed
o cadmium associated with bioactive compounds, such as purple
arrot or grape skin extracts. Taken as a whole, we conclude that
admium induces oxidative stress in kidney cells. Certainly, this
ctivity is one of the underlying mechanisms responsible for tissue
njury, as already mentioned by others [31]. Grape skin and purple
arrot extracts exert some antioxidant activity on genetic material
gainst oxidative stress induced by cadmium.

Regarding antioxidant activity, our results demonstrated that
rape skin extract was able to increase SOD-CuZn expression in
nimals previously intoxicated with cadmium. On the other hand,
atalase gene expression decreased for all groups treated with
rape skin or purple carrot extracts, for both doses used. No
tatistically significant differences were noticed to SOD-Mn expres-
ion between groups. It is important to stress that some studies
ave revealed the modulating activity of Tinospora cordifolia stem
xtract, zinc, selenium and Solanum torvum Swartz following cad-
ium exposure [32,33]. Our results are in agreement with these

forementioned studies. Nevertheless, grape skin extract exerts
 more pronounced effect on the expression of the antioxidant
nzymes SOD-CuZn and catalase whereas the purple carrot extract
cted on only catalase gene expression. Certainly, the bioactive sub-
tances present in the grape skin extract are more powerful for
odulating the enzymatic anti-oxidant system when compared to

he purple carrot extract.
Recently, it has been established that mitochondria play a key

ole following cadmium intoxication [34]. This is because the oxida-
ive stress induced by cadmium in kidney cells promotes disruption
f this organelle, causing cellular death. Cytochrome c is a protein
ocated on the inner surface of the mitochondrial membrane, which
articipates in the cellular respiration and cell death by apoptosis.
ecent studies have demonstrated that cadmium is able to acti-
ate apoptosis in kidneys [35], but few studies have investigated
he role of cytochrome c in the context of cadmium and bioactive
xtracts. Our results demonstrated that cytochrome c is differen-
ially expressed in animals exposed to cadmium. Some authors
ave demonstrated that cytochrome c expression is induced by
admium and selenium and/or puerarim, both in vivo and in vitro
36,37]. Nevertheless, grape skin and purple carrot extracts were
ot able to alter the cytochrome c expression in kidney cells.

Toll-like signaling pathway is a complex cascade composed of
LR, IKK, TRAF6 and many other proteins. It actively participates
n several biological actions, such as the inflammatory response
n eukaryotic cells. A previous literature review published by our
esearch group established the underlying mechanisms of bioactive
ompounds and toll-like signaling pathway for promoting tissue
omeostasis [38]. In this study, the results demonstrated that expo-
ure to cadmium caused an increased in the expression of TLR2
n rats. These results are consistent with previous studies using
everal test systems [39,40]. However, the biological action of the
xtracts obtained from purple carrot and grape skin did not inter-
ere with the expression of proteins from the toll-like signaling
athway. Further studies are needed to elucidate the issue.

In conclusion, purple carrot and grape skin extracts promote
issue regeneration against cadmium toxicity by means of antiox-

dant action in rats’ kidneys. It appears that grape skin extract is

ore effective compared to purple carrot extract.
logy 26 (2019) 263–269

Declaration of Competing Interest

None declared.

Acknowledgments

This work was supported by CAPES (Coordination for the
Improvement of Higher Education Personnel) and CNPq (The Brazil-
ian National Council for Scientific and Technological Development).

References

[1] S. Satarug, S.H. Garrett, M.A. Sens, D.A. Sens, Cadmium, environmental
exposure and health outcomes, Environ. Health Perspect. 118 (2) (2010)
182–190.

[2] A. Engström, K. Michaëlsson, Y. Suwazono, A. Wolk, M. Vahter, A. Akesson,
Long-term cadmium exposure and the association with bone mineral density
and fractures in a population-based study among women, J. Bone Miner. Res.
26 (3) (2011) 486–495.

[3] M.  Rafati Rahimzadeh, M.  Rafati Rahimzadeh, S. Kazemi, A.A. Moghadamnia,
Cadmium toxicity and treatment, an update, Caspian J. Intern. Med. 8 (3)
(2017) 135–145.

[4] W.  Donpunha, U. Kukongviriyapan, K. Sompamit, P. Pakdeechote, V.
Kukongviriyapan, P. Pannangpetch, Protective effect of ascorbic acid on
cadmium-induced hypertension and vascular dysfunction in mice, Biometals
24 (1) (2011) 105–115.

[5] International agency for research on cancer, IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans, International Agency for
Research on Cancer, 1994.

[6] F. Thévenod, N.A. Wolff, Iron transport in the kidney, implications for
physiology and cadmium nephrotoxicity, Metallomics 8 (1) (2016) 17–42.

[7] O.J.D. Cruz, F.M. Uckun, Clinical development of microbicides for the
prevention of HIV infection, Curr. Pharm. Res. 10 (2004) 315–336.

[8] M.  Helfer, H. Koppensteiner, M.  Schneider, S. Rebensburg, S. Forcisi, C. Muller,
P.  Schmitt-Kopplin, M.  Schindler, R. Brack-Werner, The root extract of the
medicinal plant Pelargonium sidoides is a potent HIV-1 attachment inhibitor,
PLoS One 9 (1) (2014), e87487.

[9] J. Gusman, H. Malonne, G. Atassi, A repraisal of the potential chemopreventive
and chemotherapeutic properties of resveratrol, Carcinogenesis 22 (8) (2001)
1111–1117.

10] A.P.B. Gollücke, O. Aguiar Jr, L.F. Barbisan, D.A. Ribeiro, Use of polyphenols
against carcinogenesis, putative moléculas mechanisms of action using
in  vitro and in vivo test systems, J. Med. Food 16 (3) (2013) 1–7.

11] S. Pasetto, V. Pardi, R.M. Murata, Anti-HIV-1 activity of flavonoid myricetin on
HIV-1 infection in a dual-chamber in vitro model, PLoS One  9 (12) (2014),
e115323.

12] R. Singh, N. Gautam, A. Mishra, R. Gupta, Heavy metals and living systems, an
overview, Indian J. Pharmacol. 43 (3) (2011) 246–253.

13] A.P.R. Paiotti, R. Artigiani Neto, P. Marchi, R.M. Silva, V.L. Pazine, J. Noguti,
M.M.  Pastrelo, A.P.B. Gollücke, S.J. Miszputen, D.A. Ribeiro, The
anti-inflammatory potential of phenolic compounds in grape juice
concentrate (G8000) on 2,4,6-trinitrobenzene sulphonic acid-induced colitis,
Br. J. Nutr. 110 (2013) 973–980.

14] J. Yang, Y.Y. Xiao, Grape phytochemicals and associated health benefits, Crit.
Rev. Food Sci. Nutr. 53 (2013) 1202–1225.

15] A. Teixeira, N. Baenas, R. Dominguez-Perles, Natural bioactive compounds
from winery by-products as health promoters, a review, Int. J. Mol. Sci. 15
(2014) 15638–15678.

16] S.R. Claudio, A.P. Gollucke, H. Yamamura, D.R. Morais, G.A. Bataglion, M.N.
Eberlin, R.C. Peres, C.T. Oshima, D.A. Ribeiro, Purple carrot extract protects
against cadmium intoxication in multiple organs of rats, genotoxicity,
oxidative stress and tissue morphology analyses, J. Trace Elem. Med. Biol. 33
(2016) 37–47.

17] A.P. Boiago Gollucke, S.R. Claudio, H. Yamamura, D.R. Morais, G.A. Bataglion,
M.N. Eberlin, O. Aguiar Jr, D.A. Ribeiro, Grape skin extract mitigates tissue
degeneration, genotoxicity, and oxidative status in multiple organs of rats
exposed to cadmium, Eur. J. Cancer Prev. 227 (1) (2018) 70–81.

18] G.R. Soares, C.F.G. de Moura, M.J.D. Silva, W.  Vilegas, A.B. Santamarina, L.P.
Pisani, D. Estadella, D.A. Ribeiro, Protective effects of purple carrot extract
(Daucus carota) against rat tongue carcinogenesis induced by
4-nitroquinoline 1-oxide, Med. Oncol. 35 (4) (2018) 54.

19] C.M. Hasler, A.C. Brown, American dietetic association. Position of the
American Dietetic Association, functional foods, J. Am.  Diet. Assoc. 109 (4)
(2009) 735–746.

20] C.F. De Moura, F.A.P. Ribeiro, G.P. de Jesus, V.H.P. da Silva, C.T.F. Oshima, A.P.B.
Golucke, O. Aguiar Jr, D.A.R. Ribeiro, Antimutagenic and antigenotoxic
potential of grape juice concentrate in blood and liver of rats exposed to
damage induced by cadmium exposure in Wistar rats, Toxicol. Mech.
Methods 24 (8) (2014) 567–574.

http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0005
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0010
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0015
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0020
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0025
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0030
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0035
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0040
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0045
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0050
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0055
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0060
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0065
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0070
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0075
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0080
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0085
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0090
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0095
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0100
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105
http://refhub.elsevier.com/S0928-4680(19)30058-6/sbref0105


physio

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

S.R. Claudio et al. / Patho

22] R.R. Tice, E. Agurell, D. Anderson, B. Burlinson, A. Hartmann, H. Kobayashi, Y.
Miyamae, E. Rojas, J.C. Ryu, Y.F. Sasaki, Single cell gel/comet assay: guidelines
for  in vitro and in vivo genetic toxicology testing, Environ. Mol. Mutagen. 35
(3) (2000) 206–221.

23] J. Adeline, A. Josiane, H.F. Isabelle, H.P. Florence, C. Karine, L. Marine, L.
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