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ARTICLE INFO ABSTRACT

Article history: Objective: To evaluate the anti-amnesic and neuroprotective activity of ethanolic extract of Prunus avium

Received 27 June 2014 (EEPA) on streptozotocin (STZ) induced neurotoxicity in mice.

Accepted 4 August 2014 Methods: The mice were pre-treated with EEPA at selective doses (200, 400 mg/kg, p.o.) for a period
of 3weeks followed by intracerebroventricular injection (ICV) of STZ (0.5 mg/kg). Neurobehavioral-

Keywords{ ) alterations were evaluated using Y-maze and elevated plus maze. Biochemical markers, such as

gg;rrl?ttig’:my acetylcholinesterase (AChE), corticosterone, thiobarbituric reactive substances (TBARS), tissue nitrite,

antioxidants, such as superoxide dismutase (SOD), glutathione peroxidase (GPx) and catalase were esti-
mated.

Results: Obtain results revealed those 28 days of treatment with EEPA was effective in averting neuro-
toxicity. EEPA supplementation significantly reduced AChE, corticosterone, TBARS, tissue nitrite levels
and ameliorated the deficits in learning and memory impairment with increased levels of antioxidants.
Conclusions: These results envisage that ethanolic extract of Prunus avium exhibit cognitive improvement
which is most likely related, at least in part, to its antioxidant and neuroprotective activity. Further studies
are suggested to evaluate the isolated bioactive Prunus avium fruits to identify the molecular mechanism
involved in modulation of cholinergic transmission.
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1. Introduction

Alzheimer’s disease (AD) type of dementia is associated with
neurodegeneration due to accumulation of neurofibrillary tangles,
senile plaque deposits and neuroinflammation leading to pro-
gressive decline in cognition. The neurotransmitter acetylcholine
imperatively plays a role in the hippocampus of brain for learn-
ing and memory, and in contrast, the loss of cholinergic activity
correlates with impairment of cognition. The amyloid hypothesis
emphasizes that increased beta amyloid (Ap) production or failure
of AP clearance which induces gradual A accumulation, result in
the formation of plaques. AP aggregates induce changes in calcium
influx [1], increases oxidative stress [2], and activates inflamma-
tory mediators, such as microglia and astrocytes [3,4]. Activated
microglia cells in AD release a variety of pro-inflammatory medi-
ators, such as cytokines, reactive oxygen species (ROS), and nitric
oxide which can contribute to neuronal dysfunction and cell death

[5].
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Oxidative stress is one of the major causes of cell damage in
central nervous system, and is seen in many neurodegenerative
disorders, including AD. The free radical produced during oxida-
tive stress causes oxidation of DNA and RNA indicated by elevated
levels of 8-hydroxyl-2-deoxyguanosine and 8-hydroxy guanosine
[6,7], increased levels of protein carbonyl residues [8,9] and the
lipid peroxidation (LPO) is marked by higher levels of thiobarbi-
turic acid reacting substances (TBARS), malondialdehyde (MDA),
4-hydroxy trans neoneal (HNE) and isoprostrane [10,11]. Impaired
insulin signaling leads to increased oxidative stress (Agarwal et al.,
2010). Cholinergic neurons are among the earliest to succumb to
the neurotoxic actions. Oxidative stress also increases the expres-
sion of AChE, decreases the activity of choline acetyltransferase,
the enzyme that synthesizes acetylcholine activity [12]. Moreover,
oxidative stress stimulates hypothalamic-pituitary-adrenal (HPA)
axis, which release the glucocorticoids from adrenal cortex. Dys-
regulation of the HPA axis results in elevated circulating cortisol
levels [13-15], which leads to shrinkage in hippocampal volume
and memory impairment.

Prunus avium is a deciduous tree belonging to the family
Rosaceae, commonly called wild cherry. The fruit of P.avium is a
drupe, bright red to dark purple, edible, variably sweet to astrin-
gent and bitter to eat. The fruits are rich sources for flavonoids. The
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medicine prepared from the stalks of the fruits possesses diuretic,
astringent, anti-tussive property. Fruits have been reported for its
antioxidant activity, antiproliferative and anti-cancer properties,
anti-inflammatory effects, protection against cardiovascular dis-
eases and retarding of aging process [16-18]. Herein, the study
was designed to evaluate the anti-amnesic and neuroprotective
activity of EEPA on STZ induced neurotoxicity in mice. Pharmaco-
logical investigations were carried out by assessing the behavioural
parameters, such as Y-maze in video tracking system, elevated plus
maze and open field exploration. The biochemical changes in brain
were evaluated by estimating the corticosterone level, AChE level
and tissue nitrite and antioxidant enzymes after the treatment with
EEPA.

2. Materials and methods
2.1. Drugs and reagents

Streptozotocin, 5,5'-dithiobis (2-nitrobenzoic acid), eserine,
acetylthiocholine iodide, reduced glutathione, NADPH, pyrogallol,
dexamethasone and DPPH were procured from Sigma Aldrich, USA.
All other chemicals were purchased from S. D Fine chemicals Pvt
LTD, India.

2.2. Plant material and extraction

The P. avium fruits were collected from commercial distributor,
Hyderabad and authenticated by pharmacognosist Dr. Babashankar
Rao, School of Pharmacy, Hyderabad and a voucher specimen (No:
LCP/COG/3256) was deposited in department of Pharmacognosy.
The obtained fruits were deseeded and shade dried. An amount
of 1kg of dried sample was homogenized with sufficient amount
of double distilled absolute ethanol (99.9%) at room temperature.
After homogenization, it was filtered and concentrated using rotary
vacuum evaporator (Heidolph: 5690005000). The resultant thick
consistent drug material was placed in an airtight container; the
yield was noted as 5% and stored in refrigerator to avoid microbial
contamination.

2.3. Experimental design

2.3.1. Invitro evaluation

2.3.1.1. DPPH radical scavenging activity assay. The free radical
scavenging activity of crude extracts on 2, 2-di-phenyl-2-
picrylhydrazyl (DPPHe) radical was measured by reduction of
DPPHe to DPPHH (Di-phenyl picryl hydrazine) [19,20]. IC5¢ value
was determined as the inhibitory concentration of extract that
could scavenge 50% of the DPPH radicals. Ascorbic acid was used as
positive reference.

2.3.1.2. Reducing power assay. An aliquot of the extract of P. avium
(125 L) was mixed with125 pL of sodium phosphate buffer (0.2 M,
pH6.6) and 125 L of 1% K3Fe(CN)g followed by incubation at 50 °C
for 20 min. After adding 125 L of 10% trichloroacetic acid, the
mixture was centrifuged at 3750 g for 10 min. The supernatant solu-
tion (100 L) was mixed with 100 p.L of double distilled water and
20 wL of 1% ferric chloride to react for 10 min. Subsequently, the
absorbance was measured at 700 nm. The EC5 value is the concen-
tration of sample at which the absorbance is 0.5. L-Ascorbic acid
was used as thr positive reference [21].

2.3.1.3. Assay of nitric oxide scavenging activity. Nitric oxide scav-
enging activity can be estimated by the use of Griess Ilosvoy
reaction [22]. Scavengers of nitric oxide compete with oxygen
leading to reduced production of nitrite ions. Inhibition of nitrite

formation by the EEPA extract and the standard antioxidant ascor-
bic acid were calculated relative to the control. Inhibition data
(percentage inhibition) were linearized against the concentra-
tions of each extract and standard antioxidant. ICsg, which is an
inhibitory concentration of extract required to reduce 50% of the
nitric oxide formation, was determined.

2.3.2. In vivo pharmacological study

2.3.2.1. Experimental animals. Male Swiss albino mice, weighing
20-25g, at the age 4-5weeks were used in the study and given
standard laboratory pellet chow diet; Provimi limited (India),
provided water ad libitum and were kept under standard con-
ditions at 23-25°C, 35 to 60% humidity, and 12h light/dark
cycle. The mice were acclimatized to the laboratory conditions
a week prior to experiment. The experimental protocol (No:
I/IAEC/LCP/001/2012/SM/24) was duly approved by institutional
animal ethics committee (IAEC).

2.3.2.2. Acute toxicological studies. The procedure was followed by
using OECD 423 annexure (D) acute toxic class method [23]. The
acute toxic class method is a stepwise procedure with three ani-
mals of a single sex per step. The starting dose level of EEPA was
2000 mg/kg body weight p.o. using water as vehicle. Drug was
administered to overnight fasted female mice. Food was withheld
for a further 3-4 hours after administration of EEPA and observed
for signs of toxicity.

2.3.2.3. Induction of neurotoxicity and grouping. Neurotoxicity was
induced by ICV injection of STZ (0.5 mg/kg) by identifying the
bregma point on skull; in brief, bregma point was identified accord-
ing to [24,25]. Approximately 1-3 mm rostral to the line is drawn
through anterior base of ears, then at 45° angle, the needle was
inserted 2 mm lateral to midline and STZ was injected. Animals
were divided into four groups of each six. Group I was treated with
ICV injection of phosphate buffered saline (PBS) alone; group Il was
injected with two doses of STZ (0.5 mg/kg) ICV injection bilaterally
in PBS. The second dose was administered after 48 hours of the first
dose. Group Il and group IV were pre-treated with EEPA 200 mg/kg
and 400 mg/kg p.o., respectively for 21 days. On 21st day, group
Il and group IV were injected with STZ ICV and the second dose
was administered after 48 hours of the first dose and the treatment
with EEPA was continued for 28 days. All the behavioural param-
eters are evaluated two days before termination of the study. On
28th day, the animals were sacrificed and the brains was isolated
for biochemical estimations.

2.4. Behavioural evaluation

2.4.1. Video tracking in Y-Maze

Video tracking (V], Instruments) in Y-maze is assisted with soft-
ware was used to measure the spatial working memory in mice for
8 minutes. Mice tend to explore maze systematically, entering each
arm in turn. The series of arm entries, including possible returns
into the same arm is recorded by using the video tracking system
and the percentage alteration is obtained by the assistance of the
software. Alteration is defined as the successive entries into the
three arms, on overlapping triplet sets. [26].

2.4.2. Elevated plus maze test

This task has been widely validated to measure anxiety-like
behaviour in rodents. The entire maze is elevated to height of 50 cm
above the floor level. Mice were housed in pair for 10 days prior to
testing in the apparatus. During this time, the mice are handled by
the investigator on alternate days to reduce the stress. One hour
after oral administration of the extract, each mouse was placed in
the center of the maze facing towards one of the open arm. During
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a five minutes session, the following parameters were noted: num-
ber of entries into open arm, and the time spent in the open arm
was calculated. [27-29].

2.4.3. Open field habituation

The exploratory behaviour of the mice was evaluated by
open field habituation task method. Mice was placed in a
40 cm x 50 cm x 60 cm open field whose brown linoleum floor was
divided into 12 equal squares by white lines and left to explore it
freely for 5 minutes. The number of squares crossings and head dips
were counted [30].

2.5. Biochemical estimations

Mice brains were isolated washed with ice-cold phosphate
buffer to remove blood and homogenized with 10% phosphate
buffer saline solution. The homogenate and the resultant super-
natant were used for further biochemical estimations, such as AChE,
NO and antioxidants. Blood samples were collected by retro-orbital
bleeding for the estimation of plasma corticosterone levels.

2.5.1. Estimation of acetylcholinesterase (AChE) activity

The AChE activity was measured in brain tissue by the reac-
tion of thiocholine with dithiobisnitrobenzoate ions ([31]; [32]).
The rate of formation of thiocholine from acetylcholine iodide in
the presence of brain cholinesterase was measured using a spec-
trophotometer (Shimadzu 1800) at a wavelength of 412 nm.

2.5.2. Estimation of corticosterone

Blood was collected from retro-orbital sinus in tubes contain-
ing heparin and centrifuged at 1000 x g for 20 min at 4 °C HPLC/UV
system was used for quantification of plasma corticosterone using
dexamethasone as an internal standard. Plasma was separated;
50 wL of plasma containing known quantity of dexamethasone
(1 g) was extracted with 5mL of dichloromethane (DCM). The
DCM extract was evaporated to dryness and dissolved in 100 wL
of mobile phase. Then, 20 pL of extract was injected into HPLC
(Shimadzu SPD 20AD) system for quantification. Mobile phase
consisted of methanol:water (70:30) at a flow rate of 1.2 mL/min
and corticosterone was detected at 250nm using UV detector
[33,34].

2.5.3. Estimation of nitrite levels

Nitrite and nitrate determinations in biological material are
increasingly being used as markers of NO production. Nitric oxide
production was quantified by measuring nitrite, a stable oxidation
end-product of NO [35].

Lipid peroxidation was estimated by measuring the levels of
thiobarbituric acid reactive substances (TBARS) in tissues by the
method of [36]. The pink chromogen produced by the reaction of
thiobarbituric acid with malondialdehyde, a secondary product of
lipid peroxidation was estimated at 532 nm.

2.5.4. Antioxidant activity

2.5.4.1. Thiobarbituric acid reactive substances. Lipid peroxidation
was estimated by measuring the levels of thiobarbituric acid reac-
tive substances (TBARS) in tissues by the method of [36]. The pink
chromogen produced by the reaction of thiobarbituric acid with
malondialdehyde, a secondary product of lipid peroxidation, was
estimated at 532 nm.

2.5.4.2. Superoxide dismutase. Superoxide dismutase (SOD) activ-
ity was determined by pyrogallol oxidation method [37]. One unit
SOD activity is defined as the amount of enzyme that inhibits the

rate of auto-oxidation of pyrogallol by 50%. The reaction is initi-
ated by adding pyrogallol and the change in optical density was
recorded at 420 nm.

2.5.4.3. Glutathione peroxidase (GPx). GPx was determined on the
basis of the oxidation of glutathione to oxidized glutathione
catalyzed by glutathione peroxidase, which is then coupled to
their cycling of oxidized glutathione back to glutathione utiliz-
ing glutathione reductase and nicotinamide adenine dinucleotide
phosphate (NADPH). Then, decrease in NADPH absorbance mea-
sured at 340nm during the oxidation of NADPH to NADP+ is
indicative of glutathione peroxidase activity [38].

2.5.4.4. Catalase. The rate of decomposition of H,0, to water and
molecular oxygen is proportional to the activity of catalase. The
sample containing catalase is incubated in the presence of a known
concentration of HyO,. After incubation for exactly one minute,
the reaction is stopped with ammonium molybdate. The amount of
H,0, remaining in the reaction is then determined by the oxidative
coupling reaction between molybdate and H,0, [39].

3. Results
3.1. Acute toxicity

The drug EEPA was found to be non-toxic, and the LDsg of
2000 mg/kg and above is said to be unclassified according to OECD
423. Hence, (200 mg/kg) and (400 mg/kg) of this dose were selected
for further study.

3.2. Invitro antioxidant assays

3.2.1. DPPH radical scavenging activity assay

The extract exhibited potent radical scavenging activity in a
concentration-dependent manner. The ICsq value of the extract
was 28.37 wg/mL as opposed to that of standard ascorbic acid
(5.52 p.g/mL). The results were shown in the Table 1.

3.2.2. Reducing power

The reducing power of a substance is associated with its poten-
tial antioxidant activity. To measure the reducing power of EEPA, its
ability to transform Fe3* into Fe2* was investigated. Fe2* formation
can be monitored by measuring Prussian blue formation at 700 nm.
The ECsq value of the extract was 454.4 ug/mL as opposed to that
of standard ascorbic acid (16.09 pg/mL). The results were shown in
the Table 1.

3.2.3. Assay of nitric oxide scavenging activity

EEPA showed a strong nitric oxide scavenging activity, which
was comparable to the standards ascorbic acid. The IC5g value of
the extract was 93.6 p.g/mL as opposed to that of standard ascorbic
acid (6.18 wg/mL). The results were shown in the Table 1.

3.2.4. Behavioural estimations

3.2.4.1. Effect of EEPA on Y-maze. Effects of EEPA on percentage
spontaneous alteration are shown in Table 2. Administration of
STZ significantly (P<0.001) decreased the percentage spontaneous
alteration in negative control group when compared with the vehi-
cle treated group. The group treated with 200 and 400 mg/kg EEPA
increased the percentage spontaneous alteration and showed the
significance (P<0.01 and P<0.001), respectively. A dose-dependent
increase in percentage alterations was found on administration of
EEPA with significance of P<0.05.

Please cite this article in press as: Vinitha E, et al. Neuroprotective effect of Prunus avium on streptozotocin induced neurotoxicity in
mice. Biomed Prev Nutr (2014), http://dx.doi.org/10.1016/j.bionut.2014.08.004



dx.doi.org/10.1016/j.bionut.2014.08.004

G Model
BIONUT-253; No.of Pages7

4 E. Vinitha et al. / Biomedicine & Preventive Nutrition xxx (2014) xxX—Xxx

Table 1
In vitro antioxidant assays.

ICs0 (g of dried extract/mL)

Reducing power ICs0 (g of dried extract/mL)

scavenging of nitric oxide

Extract scavenging ability on DPPH radicals
Ascorbic acid 5.52 +£0.17
Ethanolic extract of Prunus avium 28.37 + 0.022

16.09 + 1.25
454.4 + 14.45°

6.18 + 0.07
93.6 + 1.35°%

Values are expressed as mean + SEM. Superscript letters represents the statistical significance done by unpaired t test.
2 P<0.001 indicates the significance on comparison of ethanolic extract of Prunus avium with ascorbic acid.

Table 2
Effect of EEPA on behavioural activity.

Groups Y-Maze Elevated plus maze Open field exploration
Percentage alterations Number of open arm entries Time spent on open arm Line crossings Head dips
Group I (ICV PBS) 4461 £ 1.93 7.16 £ 0.40 14.5 + 0.80 137.0 +£ 1043 20.00 + 2.95
Group II (ICV-STZ 0.5 mg/kg) 19.40 + 1.01° 2.83 £ 0.30° 4.16 £+ 0.30° 80.50 + 5.41° 4.83 +0.70°
Group III (ICV-STZ + EEPA 200 mg/kg) 3232 £+ 2.15° 10.67 + 0.55¢ 29.50 + 3.01¢ 119.0 + 6.76° 19.50 + 3¢
Group IV (ICV-STZ + EEPA 400 mg/kg) 41.49 + 3.434f 12.83 + 0.54%f 41 + 3.819f 123.8 + 6.37¢ 18.67 + 2.89¢

Values are expressed as mean + SEM of 6 animals. Superscript letters represents the statistical significance done by ANOVA, followed by Tukey’s multiple comparison tests.

2 P<0.001.

b p<0.01.

¢ P<0.05 indicates the significance on comparison of group Il with group I.
4 P<0.001.

¢ P<0.01, indicates the significance on comparison of group Il and IV with group II.

f P<0.05 indicates the dose-dependent significance on comparing group Il and IV.

3.2.4.2. Effect of EEPA on elevated plus maze. STZ administered mice
showed a significant reduction (P<0.001 and P<0.05) in the time
spent in the open arms and number of entries into the open arms
when compared to vehicle group. The group treated with 200 and
400 mg/kg EEPA exhibited significant increase in the number of
entries into open arm and time spent in open arm (P<0.001) when
compared with vehicle treated group. A dose-dependent activity
was found on administration of EEPA with significance of P<0.05.
The results were shown in the Table 2.

3.2.4.3. Effect of EEPA on open field habituation. The exploratory
behaviour i.e., the number of line crossings and head dipping’s
decreased in STZ treated group (P<0.001, and P<0.01) respectively
in comparison with the control group. The number of line crossings
and head dipping’s increased significantly (P<0.01 and P<0.01) in
both 200 mg/kg and 400 mg/kg EEPA treated groups respectively
and indicates the improved open field habituation memory. The
results were shown in the Table 2.

3.2.5. Biochemical estimations

3.2.5.1. Effect of EEPA on AChE activity. The effect of EEPA on AChE
is shown in Fig. 1. Administration of STZ significantly (P<0.001)
increased the AChE activity when compared to the vehicle treated
control group. Treatment of EEPA significantly (P<0.001) attenu-
ated the raise in enzyme level in both 200 and 400 mg/kg treated
mice. A dose-dependent decrease in AChE was found on adminis-
tration of EEPA with significance of P<0.01.

=3 PBS

B2 STZ (0.5mg/kg)

E= EEPA 200mg/kg+ STZ
o EEPA 400mg/kg+STZ

et |

pmol/mg
Iprotein

Sanuna

Groups

Fig. 1. Effect of EEPA on AChE enzyme level.

3.2.5.2. Effect of EEPA on corticosterone. Administration of STZ
significantly (P<0.001) increased the corticosterone level when
compared with the control group. Treatment with EEPA 400 mg/kg
significantly (P<0.01) attenuated the increase in corticosterone
level induced by STZ. Results are shown in Fig. 2. A dose-dependent
decrease in corticosterone was found on administration of EEPA
with significance of P<0.05.

3.2.5.3. Effect of EEPA on tissue nitrite. Administration of STZ sig-
nificantly (P<0.001) increased tissue nitrite levels when compared
with the control group. Treatment with EEPA 200 and 400 mg/kg
significantly (P<0.001) attenuated the increase in tissue nitrite
induced by STZ. Results are shown in Fig. 3. A dose-dependent
decrease in tissue nitrite was found on administration of EEPA with
significance of P<0.01.

300+

a
=3 PBS
= cd o2 STZ (0.5mg/kg)
E 200 ; : E=3 EEPA 200mg/kg+STZ
§ - o= EEPA 400 mg/kg+STZ
E =
g) 1004 | :3
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Fig. 2. Effect of EEPA on Corticosterone level.
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Fig. 3. Effect of EEPA on Tissue nitrite level.
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3.2.6. Antioxidant activities

3.2.6.1. Effect of EEPA on TBARS. Administration of STZ significantly
(P<0.001)increased TBARS when compared with the control group.
Treatment with EEPA 200 and 400 mg/kg significantly (P<0.01)
attenuated the increase in TBARS induced by STZ. Results are tab-
ulated in Table 3. A dose-dependent decrease in TBARS was found
on administration of EEPA with significance of P<0.01.

3.2.6.2. Effect of EEPA on superoxide dismutase. Administration of
STZ significantly (P<0.001) decreased the activity of SOD when
compared to the vehicle treated control group. Treatment with
EEPA 200 and 400 mg/kg doses showed a significant increase
(P<0.01 and P<0.001) in activity of SOD, respectively compared
to negative control group. The results are shown in Table 3. A dose-
dependent increase in SOD was found on administration of EEPA
with significance of P<0.01.

3.2.6.3. Effect of EEPA on glutathione peroxidase (GPx). Administra-
tion of STZ significantly (P<0.001) decreased the activity of GPx
when compared to the vehicle treated control group. The two
groups of animals treated with EEPA 200 mg/kg and 400 mg/kg
doses showed a significant increase (P<0.01 and P<0.001) in activ-
ity of glutathione peroxidase, respectively compared to STZ treated
group. The results are shown in Table 3. A dose-dependent increase
in GPx was found on administration of EEPA with significance of
P<0.01.

3.2.6.4. Effect of EEPA on catalase. Administration of STZ signifi-
cantly (P<0.001) decreased the activity of catalase when compared
to the vehicle treated control group. The two groups of animals
treated with EEPA 200 mg/kg and 400 mg/kg doses showed a sig-
nificant increase (P<0.001) in activity of catalase compared to STZ
treated group. The results are shown in Table 3.

4. Discussion

Oxidative stress is one of the foremost criteria for initiation
and progression of AD and other neurodegenerative disorders.
The excessive free radicals produced react with lipids, proteins,
and nucleic acids leading to lipid peroxidation, protein oxidation
and DNA oxidation. Oxidative damage to the cellular components
result in alteration of the membrane properties, such as fluidity,
ion transport, enzyme activities and mitochondrial dysfunction, all
this eventually results in cell death. In the present study, antioxi-
dant property of EEPA was assessed against various in vitro models.
DPPH is a stable free radical and in order to attain stability it
accepts an electron or hydrogen radical [40]. The reduction capabil-
ity of DPPH radical is determined by the decrease in absorbance at
517 nm induced by antioxidants. The experimental data revealed
that the P.avium extract possess free radical scavenging effects.
Nitric oxide formed during their reduction with oxygen or with
superoxide, such as NO,, N,O4, N304 is very reactive. These radicals
are responsible for altering the structure and functional behaviour
of many cellular components. The EEPA showed better activity in
competing with oxygen to react with nitric oxide and thus inhibited
the generation of anions. In the measurement of the reducing abil-
ity, it has been investigated from the Fe3*-Fe2* transformation.
Fe3* reduction is often used as an indicator of electron donating
activity, which is an important mechanism of phenolic antioxi-
dant action and can be strongly correlated with other antioxidant
properties [41]. The results from various free radicals scavenging
systems reveal that EEPA has significant antioxidant activity, which
was further confirmed with in vivo assays. Induction of neurotoxic-
ity by STZ in mice resulted in excessive generation of free radicals,
which, in turn, caused oxidative damages to membrane’s lipid, and
protein levels which was indicated by increased levels of TBARS

and decreased levels of GPx, SOD and catalase in this study. This
oxidative neuronal injury in ICV-STZ mice is consistent with pre-
vious reports ([42-44]; [45]). SOD converts superoxide into H,0,
[46,47], and catalase, which is available at extremely low levels in
the brain and removes H,0; in the form of H,0. Moreover, in our
study, P.avium supplementation significantly counteracted all the
change in the markers of oxidative damage. This may be due to EEPA
free radical scavenging potential which is evident from increased
SOD, catalase and GPx levels in brain.

Long-term potentiation (LTP) is a phenomenon responsible for
the cellular mechanism of learning and memory processes. The
Y-maze is a simple test for measuring spatial recognition mem-
ory that is based on discrimination of novelty versus familiarity
in the three arms. The ability to alternate requires that the mice
know which arm they have already visited. In the study with
behavioural activity, administration of STZ significantly decreased
the percentage spontaneous alteration when compared with the
vehicle treated group, which is an index for neurobehavioral tox-
icity. As reported by previous studies, the possible mechanism
could be that STZ if injected ICV in mice impairs cerebral glu-
cose turn over, energy metabolism and increases generation of free
radicals, leading to cognitive dysfunction [48]. Supplementation
with P. avium extract improved percentage spontaneous alteration
and indicates the improvement of LTP. Elevated plus maze test
has been widely validated to measure anxiety-like behaviour in
rodents. Study results indicate that ICV injection of STZ enhanced
the anxiety-like behaviour of mice. Based on the fact that ICV injec-
tion of STZ causes:

e abnormalities in metabolic pathways, which are under control
of the insulin signaling cascade by desensitization of neuronal
insulin receptor;

e reduced cerebral energy metabolism;

e deficiency in the cholinergic transmission, it is possible to postu-
late that the anxiogenic-like action induced by STZ involves one
or more of these events [49].

This fact could indicate that the anxious behaviour occurs in the
progression of dementia in the sporadic dementia of Alzheimer’s
type (SDAT) model. In this study, the group treated with P. avium
exhibited significant increase in the number of entries into open
arm and time spent in open arm when compared with vehicle
treated group revealing that the drug possesses anxiolytic poten-
tial.

Open field test allows evaluating habituation memory through
measurement of the exploratory behaviour (crossings and head
dips). The treatment with P. avium extract decreased the cognitive
deficits in STZ injected mice. These results are consistent with the
favourable effect on cognition in open field habituation memory.

Evidence implicates that the brain cholinergic system, which
plays an important role in learning and memory, is vulnerable to
oxidative damage and pathogenesis of AD [50-52]. STZ induced
neurotoxicity by ICV administration in mice causes a cholinergic
deficiency, followed by decreased choline acetyltransferase (ChAT)
activity, and increase in AChE activity in the hippocampus and leads
to cognitive decline [43,53,54]. In our study, EEPA supplementation
significantly decreased the AChE and ameliorated the deficits of
learning and memory in ICV-STZ induced dementia. This suggests
that EEPA possesses AChE inhibitory activity and it may be due to
the potential antioxidant effect by increasing the level of antiox-
idant defense system in the cholinergic neurons of the brain and
thereby improves learning and memory deficits. It had been pos-
tulated that neuroprotective effect of flavonoids are mediated by
an ability to protect neurodegeneration, augment existing neuronal
function, stimulate neuronal regeneration and induce neurogenesis
in aged (19 months) Fischer 344 rats [55,56].

Please cite this article in press as: Vinitha E, et al. Neuroprotective effect of Prunus avium on streptozotocin induced neurotoxicity in
mice. Biomed Prev Nutr (2014), http://dx.doi.org/10.1016/j.bionut.2014.08.004



dx.doi.org/10.1016/j.bionut.2014.08.004

G Model
BIONUT-253; No.of Pages7

6 E. Vinitha et al. / Biomedicine & Preventive Nutrition xxx (2014) xxX—Xxx

Table 3

Effect of EEPA on antioxidant parameters.
Groups Superoxide dismutase Glutathione peroxidase Catalase TBARS

(U/mg protein) (U/mg protein) (U/mg protein) (nM/mg protein)

Group I (ICV PBS) 18.44 + 0.89 28.85 + 1.09 132 £ 0.05 1.34 £ 0.05
Group II (ICV-STZ 0.5 mg/kg) 595 + 1.13¢ 16.35 + 1.36° 0.45 + 0.06° 491 + 0.22°
Group Il (ICV-STZ + EEPA 200 mg/kg) 11.05 + 0.48° 22.16 + 0.41° 1.14 + 0.05¢ 3.68 + 0.29"
Group IV (ICV-STZ + EEPA 400 mg/kg) 15.5 + 0.86%¢ 27.04 + 0.52¢¢ 1.28 + 0.03¢ 2.49 + 0.18¢¢

Values are expressed as mean + SEM of 6 animals. Superscript letters represents the statistical significance done by ANOVA, followed by Tukey’s multiple comparison tests.

2 P<0.001, indicates the significance on comparison of group II with group I.
b p<0.01.

¢ P<0.001, indicates the significance on comparison of group Il and IV with group II.
P<0.01, indicates the dose-dependent significance on comparing group Il and IV.

d

HPA axis, which is a major component of the stress response,
is activated during oxidative stress. Hypothalamus releases
corticotrophin-releasing factor (CRF), which in turn stimulates the
release of adrenocorticotropic hormone (ACTH) from the pitu-
itary gland during stressful conditions. Excessive corticosterone is
released due to increase in plasma ACTH levels, which impairs the
function and integrity of the hippocampus. In the present inves-
tigation, it was found that injection of STZ, increased the level of
corticosterone and the treatment with P. avium extract, attenuated
it, which indicates the aptitude to inhibit stress induced corticoste-
rone and improves the cognitive function.

In our study besides increased free radicals, there was an
increase in level of brain nitrite following STZ administration. Treat-
ment with EEPA, a polyphenolic compound, decreased the levels of
nitric oxide and the mechanism might be by inhibiting iNOS tran-
scription or decreasing iNOS and NOS activity [57,58]. Thus from
these studies of pharmacological screening, it was found that the
EEPA possess antioxidant, anti-amnesic and neuroprotective effect
to improve cognition.

5. Conclusion

In the present investigation, behavioural pattern was pre-
cisely improved in Y-maze and elevated plus maze depicted the
anti-amnesic property of P. avium. Principal reduction in AChE, cor-
ticosterone along with escalated levels of antioxidant enzymes
possibly contributed neuroprotection against STZ induced neu-
rotoxicity. Further studies have to be emphasized in APP/PS1
transgenic mice for isolated bioactive molecule from the fruits of
P.avium to identify the molecular mechanism involved in modula-
tion of cholinergic transmission.

Disclosure of interest

The authors declare that they have no conflicts of interest con-
cerning this article.

Acknowledgements

The authors would like to express deepest gratitude towards
Dr. P.Rajeshwar Reddy, Chairman and the management of Anurag
Group of Institutions for their support in providing research facili-
ties.

References

[1] Ho R, Ortiz D, Shea TB. Amyloid-beta promotes calcium influx and neurode-
generation via stimulation of L voltage-sensitive calcium channels rather than
NMDA channels in cultured neurons. ] Alzheimer’s Dis 2001;3:479-83.

[2] Behl C, Davis ], Lesley R, Schubert D. Hydrogen peroxide mediates amyloid 3
protein toxicity. Cell 1994;77:817-27.

[3] Eikelenboom P, Bate C, Van Gool WA, Hoozemans JJ, Rozemuller JM, Veer-
huis R, et al. Neuroinflammation in Alzheimer’s disease and prion disease. Glia
2002;40:232-9.

[4] Gasic-Milenkovic ], Dukic-Stefanovic S, Deuther-Conrad W, Gartner Munch
G. Beta-Amyloid peptide potentiates inflammatory responses induced by
lipopolysaccharide, interferon-gamma and “advanced glycation endproducts”
in a murine microglia cell line. Eur ] Neurosci 2003;17:813-21.

[5] Griffin WS, Sheng ]G, Royston MC, et al. Glial-neuronal interactions in
Alzheimer’s disease: the potential role of a ‘cytokine cycle’ in disease progres-
sion. Brain Pathol 1998;8:65-72.

[6] Mecocci P, Mac Garvey U, Beal MF. Oxidative damage to mitochondrial DNA is
increased in Alzheimer’s disease. Ann Neurol 1994;36:747-51.

[7] Nunomura A, Perry G, Aliev G, Hirai K, Takeda A, Balraj EK, et al. Oxidative
damage is the earliest event in Alzheimer disease. ] Neuropathol Exp Neurol
2001;60:759-67.

[8] Smith MA, Perry G, Richey PL, Sayre LM, Anderson VE, Beal MF, et al. Oxidative
damage in Alzheimer’s disease. Nature 1996;382:120-1.

[9] Good PF, Werner P, Hsu A, Olanow CW, Perl DP. Evidence of neuronal oxidative
damage in Alzheimer’s disease. Am J Pathol 1996;149:21-8.

[10] Butterfield DA, Drake ], Pocernich C, Castegna A. Evidence of oxidative damage
in Alzheimer's disease brain: central role for amyloid beta-peptide. Trends Mol
Med 2001;7:548-54.

[11] Sayre LM, Zelasko DA, Harris PL, Perry G, Salomon RG, Smith MA. 4-
Hydroxynonenal-derived advanced lipid peroxidation end products are
increased in Alzheimer’s disease. ] Neurochem 1997;68:2092-7.

[12] Perry EK, Tomlinson BE, Blessed G, Bergmann K, Gibson PH, Perry RH. Correla-
tion of cholinergic abnormalities with senile plaques and mental test scores in
senile dementia. BM] 1978;2:1457-9.

[13] Davis KL, Davis BM, Greenwald BS, Mohs RC, Mathe AA, Johns CA, et al. Cortisol
and Alzheimer’s disease. I. Basal studies. Am ] Psychiatry 1986;143:300-5.

[14] Masugi F, Ogihara T, Sakaguchi K, Otsuka A, Tsuchiya Y, Morimoto S, et al. High
plasma levels of cortisol in patients with senile dementia of the Alzheimer's
type. Methods Find Exp Clin Pharmacol 1989;11:707-10.

[15] Swanwick GR, Kirby M, Bruce I, Buggy F, Coen RF, Coakley D, et al.
Hypothalamic-pituitary-adrenal axis dysfunction in Alzheimer’s disease: lack
of association between longitudinal and cross-sectional findings. Am ] Psychi-
atry 1998;155:286-9.

[16] Ferretti G, Bacchetti T, Belleggia A, Neri D. Cherry antioxidants: from farm to
table. Molecules 2010;15:6993-7005.

[17] McCune L, Kubota C, Stendell-Hollis N, Thomson C. Cherries and health: a
review. Crit Rev Food Sci Nutr 2011;51:1-12.

[18] Serra A, Duarte R, Bronze M, Duarte C. Identification of bioactive response in
traditional cherries from Portugal. Food Chem 2011;125:318-25.

[19] Sanchez-Moreno C, Larrauri ], Saura-Calixto F. Free radical scavenging capacity
and inhibition of lipid oxidation of wines, grape juices and related polyphenolic
constituents. Food Res Int 1999;32:407-12.

[20] Sanchez-Moreno C, Larrauri JA, Saura-Calixto F. Free radical scavenging capac-
ity of selected red, rose and white wines. ] Sci Food Agric 1999;79:1301-4.

[21] Oyaizu M. Studies on product of browning reaction prepared from glucose
amine. Japanese ] Nutr 1986;44:307-15.

[22] Garrat DC. The Quantitative analysis of Drugs, 3. Japan: Chapman and Hall Ltd;
1964. p. 456-8.

[23] OECD. Acute oral toxic class method guideline 423 adopted 23.03.1996. In:
Eleventh Addendum to the, OECD, guidelines for the testing of chemicals orga-
nisation for economic co-operation and development. 2000.

[24] Laursen SE, Belknap JK. Intracerebroventricular injections in mice. Some
methodological refinements. ] Pharmacol Methods 1986;16:355-7.

[25] Haley TJ, Cormick Mc. Pharmacological effects produced by intracerebral injec-
tion of drugs in the conscious mouse. Br | Pharmacol Chemother 1957;12:12-5.

[26] Reddy DS. Assessment of nootropic and amnestic activity of centrally acting
agents. Indian ] Pharmacol 1997;29:208-21.

[27] Hogg SA. Review of the validity and variability of the elevated plus-maze as an
animal model of anxiety. Pharmacol Biochem Behav 1996;54:21-30.

[28] Rodgers R], Johnson NJT. Behaviorally selective effects of neuroactive steroids
on plus maze anxiety in mice. Pharmacol Biochem Behav 1998;59:221-32.

[29] Pellow S, File SE. Anxiolytic and anxiogenic drug effects on exploratory activity
in an elevated plus-maze: a novel test of anxiety in the rat. Pharmacol Biochem
Behav 1986;24:525-9.

[30] Maria RR, Ivan I, Maria do CBR, Jose AZ, Daniela B, Amelia TH. Effect of
lyophilised Vaccinium berries on memory, anxiety and locomotion in adult rats.
Pharmacol Res 2005;52:457-62.

Please cite this article in press as: Vinitha E, et al. Neuroprotective effect of Prunus avium on streptozotocin induced neurotoxicity in
mice. Biomed Prev Nutr (2014), http://dx.doi.org/10.1016/j.bionut.2014.08.004



dx.doi.org/10.1016/j.bionut.2014.08.004
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0105
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0010
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0040
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0080
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0095
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0180
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0195
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0275
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0085
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0020
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0255
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0220
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0025
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0165
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0290
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0060
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0060
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0060
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0060
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0060
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0060
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0060
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0060
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0060
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0060
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0060
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0060
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0060
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0060
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0060
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0060
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0060
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0060
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0170
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0260
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0245
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0250
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0210
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0210
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0210
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0210
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0210
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0210
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0210
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0210
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0210
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0210
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0210
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0210
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0210
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0210
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0210
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0210
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0210
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0210
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0070
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0070
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0070
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0070
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0070
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0070
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0070
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0070
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0070
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0070
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0070
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0070
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0070
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0070
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0070
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0070
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0070
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0070
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0200
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0145
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0145
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0145
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0145
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0145
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0145
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0145
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0145
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0145
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0145
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0145
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0145
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0145
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0145
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0145
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0145
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0145
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0100
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0230
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0230
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0230
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0230
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0230
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0230
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0230
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0230
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0230
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0230
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0230
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0230
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0230
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0230
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0230
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0230
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0230
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0230
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0110
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0235
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0215
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0155

G Model
BIONUT-253; No.of Pages7

E. Vinitha et al. / Biomedicine & Preventive Nutrition xxx (2014) XxxX—Xxx 7

[31] Ellman GL, Courtney KD, Andres V], Featherstone RM. A new and rapid col-
orimetric determination of acetylcholinesterase activity. Biochem Pharmacol
1961;7:88-95.

[32] Vos G, Sachsse K. Red cell and plasma cholinesterase activities in micro sam-
ples of human and animal blood determined simultaneously by a modified
acetylthiocholine/DTNB procedure. Toxicol Appl Pharmacol 1970;16:764-72.

[33] Woodward JH, Emery WP. Determination of plasma corticosterone using high-
performance liquid chromatography. ] Chromatogr 1987;419:280-4.

[34] Sheikh N, Ahmad A, Siripurapu KB, Kuchibhotla VK, Singh S, Palit G. Effect of
Bacopa monniera on stress induced changes in plasma corticosterone and brain
monoamines in rats. ] Ethnopharmacol 2007;111:671-6.

[35] Green LC, Wagner DA, Glogowski ], Skipper PL, Wishnok JK, Tannenbaum
SR. Analysis of nitrate, nitrite and 15N in biological fluids. Anal Biochem
1982;126:131-6.

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

[37] Marklund S, Marklund G. Involvement of the superoxide anion radical in the
autoxidation of pyrogallol and a convenient assay for superoxide dismutase.
Eur Jf Biochem 1974;47:469-74.

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

[39] Goth L. A simple method for determination of serum catalase activity and
revision of reference range. Clin Chim Acta 1991;196:143-51.

[40] Kalaivani T, Mathew L. Free radical scavenging activity from leaves of Aca-
cia nilotica (L.) wild ex Delile, an Indian medicinal tree. Food Chem Toxicol
2010;48:298-305.

[41] Dorman HJD, Peltoketo A, Hiltunen R, Tikkanen M]J. Characterization of the
antioxidant properties of deodorized aqueous extracts from selected Lamiaceae
herbs. Food Chem 2003;83:255-62.

[42] Sharma M, Gupta YK. Intracerebroventricular injection of streptozotocin in rats
produces both oxidative stress in the brain and cognitive impairment. Life Sci
2001;68:1021-9.

[43] Ishrat T, Khan MB, Hoda MN, Yousuf S, Ahmad M, Ansari MA, et al. Coenzyme
Q10 modulates cognitive impairment against intracerebroventricular injection
of streptozotocin in rats. Behav Brain Res 2006;171:9-16.

[44] Khan MB, Hoda MN, Yousuf'S, Ishrat T, Ahmad M, Ahmad AS, et al. Prevention of
cognitive impairments and neurodegeneration by Khamira Abresham Hakim
Arshad Wala. ] Ethnopharmacol 2006;108:68-73.

[45] Tahirovic I, Sofic E, Sapcanin A, Gavrankapetanovic I, Bach-Rojecky L, Salkovic-
Petrisic M, et al. Reduced brain antioxidant capacity in rat models of beta
cytotoxic-induced experimental sporadic Alzheimer’'s disease and diabetes
mellitus. Neurochem Res 2007;32:1709-17.

[46] Fridovich I. Superoxide dismutases: an adaptation to a paramagnetic gas. ] Biol
Chem 1975;264:19328-33.

[47] Freeman BA, Crapo ]D. Biology of disease: free radicals and tissue injury. Lab
Invest 1982;47:412-26.

[48] Hoyer S, Lannert H. Inhibition of the neuronal insulin receptor causes
Alzheimer-like disturbances in oxidative/energy brain metabolism and in
behavior in adult rats. Ann N Y Acad Sci 1999;893:301-3.

[49] Nogueira CW, Pinton S, Trevisan da Rocha ], Mozzaquatro Gai B. Sporadic
dementia of Alzheimer’s type induced by streptozotocin promotes anxiogenic
behavior in mice. Behav Brain Res 2011;223:1-6.

[50] McIntosh LJ, Trush MA, Troncoso JC. Increased susceptibility of Alzheimer’s
disease temporal cortex to oxygen free radical-mediated processes. Free Radic
Biol Med 1997;23:183-90.

[51] Francis PT, Palmer AM, Snape M, Wilcock GK. The cholinergic hypothesis
of Alzheimer’s disease: a review of progress. ] Neurol Neurosurg Psychiatry
1999;66:137-47.

[52] Arendt T. Alzheimer’s disease as a disorder of mechanisms underlying struc-
tural brain self-organization. Neuroscience 2001;102:723-65.

[53] Prickaerts ], Fahrig T, Blokland A. Cognitive performance and biochemical
markers in septum, hippocampus and striatum of rats after an ICV injec-
tion of streptozotocin: a correlation analysis. Behav Brain Res 1999;102:
73-88.

[54] Sonkusare S, Srinivasan K, Kaul C, Ramarao P. Effect of donepezil and lercanidip-
ine on memory impairment induced by intracerebroventricular streptozotocin
in rats. Life Sci 2005;77:1-14.

[55] Joseph JA, Shukitt-Hale B, Casadesus G. Am ] Clin Nutr 2005;81:313-6.

[56] Spencer JPE. The neuroprotective potential of flavonoids: a multiplicity of
effects. Proc Nutr Soc 2008;67:238-52.

[57] Mueller M, Hobiger S, Jungbauer A. Anti-inflammatory activity of extracts from
fruits, herbs and spices. Food Chem 2010:987-96.

[58] Romier-Crouzet B, Van De Walle ], During A, Joly A, Rousseau C, Henry O, et al.
Inhibition of inflammatory mediators by polyphenolic plant extracts in human
intestinal Caco-2 cells. Food Chem Toxicol 2009:1221-30.

Please cite this article in press as: Vinitha E, et al. Neuroprotective effect of Prunus avium on streptozotocin induced neurotoxicity in
mice. Biomed Prev Nutr (2014), http://dx.doi.org/10.1016/j.bionut.2014.08.004



dx.doi.org/10.1016/j.bionut.2014.08.004
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0045
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0300
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0305
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0305
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0305
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0305
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0305
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0305
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0305
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0305
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0305
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0305
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0305
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0305
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0305
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0305
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0305
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0305
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0305
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0305
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0270
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0075
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0205
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0160
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0150
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0090
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0130
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0030
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0265
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0120
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0135
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0295
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0065
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0065
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0065
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0065
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0065
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0065
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0065
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0065
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0065
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0065
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0065
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0065
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0065
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0065
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0065
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0065
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0055
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0055
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0055
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0055
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0055
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0055
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0055
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0055
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0055
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0055
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0055
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0055
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0055
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0055
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0055
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0055
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0055
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0115
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0190
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0175
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0050
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0005
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0005
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0005
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0005
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0005
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0005
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0005
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0005
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0005
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0005
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0005
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0005
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0005
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0005
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0005
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0005
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0005
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0005
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0225
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0280
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0125
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0125
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0125
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0125
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0125
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0125
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0125
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0125
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0125
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0125
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0125
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0125
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0125
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0285
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0285
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0285
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0285
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0285
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0285
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0285
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0285
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0285
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0285
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0285
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0285
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0285
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0285
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0285
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0285
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0285
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0185
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
http://refhub.elsevier.com/S2210-5239(14)00081-6/sbref0240
https://www.researchgate.net/publication/265415927

	Neuroprotective effect of Prunus avium on streptozotocin induced neurotoxicity in mice
	1 Introduction
	2 Materials and methods
	2.1 Drugs and reagents
	2.2 Plant material and extraction
	2.3 Experimental design
	2.3.1 In vitro evaluation
	2.3.1.1 DPPH radical scavenging activity assay
	2.3.1.2 Reducing power assay
	2.3.1.3 Assay of nitric oxide scavenging activity

	2.3.2 In vivo pharmacological study
	2.3.2.1 Experimental animals
	2.3.2.2 Acute toxicological studies
	2.3.2.3 Induction of neurotoxicity and grouping


	2.4 Behavioural evaluation
	2.4.1 Video tracking in Y-Maze
	2.4.2 Elevated plus maze test
	2.4.3 Open field habituation

	2.5 Biochemical estimations
	2.5.1 Estimation of acetylcholinesterase (AChE) activity
	2.5.2 Estimation of corticosterone
	2.5.3 Estimation of nitrite levels
	2.5.4 Antioxidant activity
	2.5.4.1 Thiobarbituric acid reactive substances
	2.5.4.2 Superoxide dismutase
	2.5.4.3 Glutathione peroxidase (GPx)
	2.5.4.4 Catalase



	3 Results
	3.1 Acute toxicity
	3.2 In vitro antioxidant assays
	3.2.1 DPPH radical scavenging activity assay
	3.2.2 Reducing power
	3.2.3 Assay of nitric oxide scavenging activity
	3.2.4 Behavioural estimations
	3.2.4.1 Effect of EEPA on Y-maze
	3.2.4.2 Effect of EEPA on elevated plus maze
	3.2.4.3 Effect of EEPA on open field habituation

	3.2.5 Biochemical estimations
	3.2.5.1 Effect of EEPA on AChE activity
	3.2.5.2 Effect of EEPA on corticosterone
	3.2.5.3 Effect of EEPA on tissue nitrite

	3.2.6 Antioxidant activities
	3.2.6.1 Effect of EEPA on TBARS
	3.2.6.2 Effect of EEPA on superoxide dismutase
	3.2.6.3 Effect of EEPA on glutathione peroxidase (GPx)
	3.2.6.4 Effect of EEPA on catalase



	4 Discussion
	5 Conclusion
	Disclosure of interest
	Acknowledgements
	References


