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HIGHLIGHTS

® ETS exposure during a critical development triggers anxiety-like behavior.

® Exposure to ETS during the early postnatal period induces a decrease in the locomotor activity in mice.
® Postnatal ETS exposure decreases presynaptic proteins even after a long exposure-free period.

® Postnatal tobacco smoke exposure leads to a decrease in BDNF levels in different regions of the brain.

ARTICLE INFO ABSTRACT

Keywords: Although environmental tobacco smoke (ETS) is mainly associated to cardiorespiratory disease, clinical and
Tobacco smoke preclinical studies have showed that ETS induces behavioral disorders and deleterious effects in the brain. Our
Brai'n ) i aim was to investigate the effects of ETS during the early postnatal period on locomotor activity and anxiety and
Anxiety-like behavior in the presynaptic proteins and brain-derived neurotrophic factor (BDNF) in distinct brain regions. BALB/c mice

Locomotor activity
Synaptic proteins
BDNF

were exposed to ETS generated from 3R4F reference research cigarettes from the third to the fourteenth days of
life. Behavioral and biochemical analyzes were performed during infancy, adolescence, and adulthood. ETS
exposure induced a decrease in the locomotor activity in both female and male mice during infancy and in male
mice during adolescence. Mice exposed to ETS showed lower distance traveled in the open arms of the elevated
plus maze than control group. We also observed a decrease in synapsin levels in the cerebellum and striatum
during infancy and adolescence, which persisted during the adulthood only in the cerebellum. Synaptophysin
levels were low in all brain regions studied during the infancy, which remained reduced in the cerebellum and
prefrontal cortex during adolescence and in the prefrontal cortex during adulthood. BDNF levels were reduced in
the striatum and prefrontal cortex during infancy. These behavioral and biochemical data indicate that exposure
to ETS during a critical development period leads to anxiety-like behavior and blunted synaptic proteins levels in
different regions of the brain. More important, several of these effects were not reversed even after a long
exposure-free period.

1. Introduction substances, is composed of both mainstream (10-20%) and sidestream
smoke (80-90%), the last one being more toxic and having higher levels
The environmental tobacco smoke (ETS), containing about 7000 of nicotine, carbon monoxide, ammonia, aldehydes and carcinogenic
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components (Rodgman and Perfetti, 2013). Despite the decline of
global smoking prevalence, effects related to tobacco smoke are still a
public health problem. The global tobacco smoking prevalence declined
from 23.5% in 2007 to 20.7% in 2015. Regarding the low-income
countries, tobacco consumption prevalence decreased from 15.0% to
13.2% in the same period. The most recent global report indicates that,
by 2030, the rate of tobacco use will be around 17.0% for high-income
countries and 11.5% for low-income countries (WHO, 2017).

Children are significantly affected by ETS exposure. They are ex-
posed to ETS mainly inside their homes, where they often stay around
their relatives or caregivers, and they are more sensitive than adults to
environmental toxic substances. This can be explained by their im-
mature physiological status, with important processes still under de-
velopment, such as enzymes involved in clearance mechanisms, what
makes children’s detoxifying capability less effective than adults
(Ginsberg et al., 2002). ETS exposure during perinatal period is related
to attention deficits, hyperactive behavior, sleep and wake disruption,
decreased academic performance and brain tumors (Banderali et al.,
2015; Hwang et al., 2012; Pagani, 2014; Plichart et al., 2008). Exposure
to passive smoke from infancy to adulthood was associated to higher
risk for depression and anxiety disorders, such as panic attack (Taha
and Goodwin, 2014). The age is a significant factor for the development
of addiction. It is important to highlight that 17.3% of young people
between 12 and 17 years have used tobacco products throughout their
lives (Ahrnsbrak et al., 2017).

Rodents show marked brain growth spurt during the early postnatal
development, while in humans this process occurs mainly during the
prenatal period. The third trimester of gestation in humans is char-
acterized by intense neurogenesis, cell migration, gliogenesis, sy-
naptogenesis and myelination, processes that occur during the first 2-3
postnatal weeks in rodents (Monk et al., 2012; Rice and Barone, 2000).
Preclinical studies showed that long-term exposure to ETS impairs the
hippocampal neurogenesis in adult mice, while the exposure to ETS
during lactation induces fat food preference in adulthood (Csabai et al.,
2016; Pinheiro et al., 2015). Exposure to ETS during the early postnatal
period of mice disturbs myelination, learning and memory, and de-
crease synapsin, synaptophysin and PSD95 in hippocampus of mice
(Torres et al., 2015a,b). Evidence of the relationship between synaptic
proteins and locomotor activity have been described in knockout mice,
in which synapsin-I- and synapsin-II-null mice exhibited higher loco-
motor activity (Corradi et al., 2008). Synaptic proteins seems also to
have a role in anxiety behaviors. Rats submitted to maternal separation
display a downregulation of synapsin 1 (Synl) gene in the amydgala,
which was associated with emotional experience, including fear and
anxiety (Park et al., 2014). BDNF Val66Met mice, a model of altered
anxiety-related behavior, display poor maturation of the serotonergic
transmission (Dincheva et al., 2017).

The aim of the present study was to evaluate the effects of exposure
to ETS on locomotor activity and anxiety during infancy, adolescence,
and adulthood. We also evaluated brain-derived neurotrophic factor
(BDNF) and presynaptic proteins levels in the cerebellum, striatum and
prefrontal cortex, which are regions related to motor and emotional
functions and to addiction.

2. Results

BALB/c pups were exposed to ETS from the 3rd (P3) to the 14th
(P14) days of life. For immunoblotting analysis, animals were eu-
thanized in P15 (infancy), P35 (adolescence) and P65 (adulthood). The
locomotor activity was assessed on P18, P35 and P65, and elevated plus
maze was performed 24 h after the open field, i.e., on P19, P36 and P66.
The experimental design is shown in Fig. 1.

Mice that were exposed to ETS during the early postnatal period
gained less weight compared with controls during infancy (p < 0.001;
Fig. 2A) and adolescence (p < 0.01; Fig. 2B). This effect was reversed
in adulthood (Fig. 2C).
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Fig. 3 shows the performance of ETS and control groups in the open
field. For total locomotor activity and distance traveled in the central
zone, the ANOVA revealed significant treatment (Fy 44 = 87.34;
F1,44 = 23.08, respectively; p < 0.0001 for both), sex (Fy44 = 5.45;
Fq,44 = 4.71, respectively; p < 0.05 for both) and age (F,gg = 20.8;
Fa2 g8 = 205.3, respectively; p < 0.0001 for both) effects. In addition,
there were significant age X treatment interaction for both total loco-
motor activity (Fygg = 22.4; p < 0.0001) and distance traveled in the
central zone (F g5 = 4.25; p < 0.05). The exposure to ETS during the
early postnatal period decreased the total locomotor activity (Fig. 3A)
in both female (p < 0.0001) and male (p < 0.0001) mice during in-
fancy when compared with their respective controls. The same effect
was also observed in male mice during adolescence (p < 0.01) when
compared with the control group. Also, ETS exposure reduced the dis-
tance traveled in the central zone (Fig. 3B) in male mice during infancy
(p < 0.05) and in female mice during adolescence (p < 0.05) when
compared with their respective controls.

The elevated plus maze test showed that exposure to ETS during the
early postnatal period leads to anxiogenic effects in the animals (Fig. 4).
The ANOVA revealed significant treatment (F;44 = 25.01,
p < 0.0001) and age (Fygs = 18.24, p < 0.0001) effects for the per-
centage of distance traveled in the open arms (Fig. 4A) and a significant
treatment effect for percentage of entries into the open arms
(F1,44 = 28.53; p < 0.0001; Fig. 4B). There was no statistical effect for
sex regarding the percentage of distance traveled in the open arms
(F1,44 = 4.00; p = 0.052) and for the percentage of entries into the open
arms (Fy 44 = 0.01; p = 0.93).

The Western blot analyses in infancy showed that the exposure to
ETS during the early postnatal period decreased synapsin I levels in
cerebellum (p < 0.05; Fig. 5A) and striatum (p < 0.05; Fig. 5G) and
synaptophysin levels in all the brain regions evaluated (p < 0.05;
Fig. 5D, 5J, 5P). In adolescence, ETS decreased synapsin I levels in
cerebellum (p < 0.05; Fig. 5B) and striatum (p < 0.05; Fig. 5H). Sy-
naptophysin levels were reduced in cerebellum (p < 0.05; Fig. 5E) and
prefrontal cortex (p < 0.001; Fig. 5Q) during adolescence. In adult-
hood, ETS induced a decrease in synapsin I levels in the cerebellum
(p < 0.05; Fig. 5C) and in synaptophysin in the prefrontal cortex
(p < 0.01; Fig. 5R) compared with the control group. Also, mice ex-
posed to ETS showed lower levels of BDNF in the striatum (p < 0.01;
Fig. 6D) and prefrontal cortex (p < 0.001; Fig. 6G) during infancy
when compared with control animals. No changes in BDNF levels were
detected in adolescence and adulthood in all brain regions studied
(Fig. 6).

3. Discussion

Several studies describe the adverse effects of nicotine during a
critical period of brain development (Dwyer et al., 2009; Valentine and
Sofuoglu, 2018; Yuan et al., 2015). However, the toxic effects of ex-
posure to tobacco smoke are not only due to nicotine. The ETS is a
mixture containing more than 7000 substances, including nicotine. In
fact, clinical and preclinical studies have showed that ETS triggers be-
havioral disorders and deleterious effects in the brain (Pagani, 2014;
Slotkin et al., 2015). Previous studies of our group showed that ETS
leads to oxidative stress in the brain of infant mice (Lobo-Torres et al.,
2012), impairs spatial learning and memory (Torres et al., 2015b) and
also brain myelination (Torres et al., 2015a). The current study corro-
borates these findings since the animals exposed to ETS during the first
two postnatal weeks showed lower locomotor activity, anxiety-like
behavior and diminished levels of synaptic proteins and BDNF in the
cerebellum, striatum and prefrontal cortex. Our results also showed that
mice exposed to ETS gained less weight during infancy and adoles-
cence. These results are consistent with several studies that showed an
inverse relationship between the use of tobacco products and body
weight in humans and rodents (Abreu-Villaca et al., 2010; Banderali
et al., 2015; Chen et al., 2005; Obot et al., 2004).
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Fig. 1. Summary of the experimental design. Animals were exposed to a mixture of mainstream and sidestream tobacco smoke of reference cigarettes 3R4F from the
P3 to the P14. For immunoblotting analysis, animals were euthanized (#) in P15 (infancy), P35 (adolescence) and P65 (adulthood). The locomotor activity was
assessed on P18, P35 and P65, and elevated plus maze was performed 24 h after the open field, i.e., on P19, P36 and P66.

The exposure biomarkers we obtained were similar to previous
preclinical studies (Amos-Kroohs et al., 2013; Obot et al., 2004; Torres
et al., 2015a,b). In humans, children and adolescent (under 17 years
old) have been classified as passive or active smoking according to
serum cotinine levels. Serum cotinine levels between 0.05 and 10 ng/
mL were considered as passive smoking and greater than 10 ng/mL as
active smoking (Nwosu, 2018). It is important to note that the half-life
for cotinine in human plasma (12-15 h) is longer than in rodents (5.5 h)
(Li et al.,, 2015). In the present study, the animals were euthanized
immediately after the last exposure to ETS and blood was collected to
quantify the biological exposure markers. Thus, based on a half-life of
0.9 to 1.1 h for plasma nicotine in rodents, the results for cotinine levels
found in our study reflect the peak of cotinine formed after 1h of the
exposure to tobacco smoke.

The cerebellum is strongly associated with motor coordination.
Nevertheless, several studies have shown that cerebellum is also in-
volved in cognitive and emotional functions, such as anxiety disorders,
unipolar depression, schizophrenia and neurodegenerative diseases
(Baldacara et al., 2008; Phillips et al., 2015). The striatum, constituted
by the caudate nucleus and putamen, plays an important role in motor,
cognitive and limbic functions (Burton et al., 2015), while prefrontal
cortex acts in cognitive control and abstract thinking (Dumontheil,
2014). Tobacco smoke and nicotine can modulate synaptic transmitter
elements in different brain regions. Environmental tobacco smoke leads
to higher serotonin synaptic proteins in the midbrain and frontal,
temporal and occipital cortex of Rhesus monkeys (Slotkin et al., 2006);
cholinergic synaptic proteins alterations in the cerebral cortex and
midbrain of mice (Abreu-Villaca et al., 2016); and to lower synapsin
and synaptophysin levels in the hippocampus of mice (Torres et al.,
2015b). Parameshwaran et al. (2012) revealed that 3-week-old rats
exposed prenatally to nicotine showed a decrease in vesicular gluta-
mate transporter 1, synaptophysin, AMPA receptor subunit GluR1 and
PSD-95 in the hippocampus (Parameshwaran et al., 2012). Nicotine
infusion during 14 days increased synapsin levels in the nucleus ac-
cumbens, while spontaneous nicotine withdrawal induced a decrease in
synapsin levels 24 h after cessation (Jackson and Imad Damaj, 2013). In
the present study, presynaptic proteins levels in the cerebellum,
striatum and prefrontal cortex were reduced in different period of de-
velopment after exposure to ETS during the early postnatal period.

BDNF plays an important role in the anxiety behaviors, mainly

during development (Duman, 2017). Nicotine and tobacco smoke ex-
posure can interfere with BDNF expression in humans and rodents (for
review: Machaalani and Chen, 2018). As examples, Bhang et al., (2010)
showed that peripheral BDNF levels are lower in active smokers than in
nonsmokers, however there is an increase from baseline in BDNF levels
after smoking cessation, although other studies are not in agreement
with those findings (Jamal et al., 2015; Neves et al., 2017). Studies with
rodents showed that changes in BDNF expression induced by nicotine or
tobacco smoke depend on age, brain regions and the period after ex-
posure (Machaalani and Chen, 2018). Here, we found that, in infancy,
tobacco smoke exposure during the early postnatal period decreases
BDNF levels in the striatum and prefrontal cortex. Exposure to tobacco
smoke during prenatal and the early postnatal period is related to ag-
gression and depression-like behaviors, decrease in striatal catechola-
mines and reduction in BDNF levels and tyrosine kinase receptor B
expression in the brain of infant, adolescent and adult mice (Torres
et al., 2015b; Xiao et al., 2016; Yochum et al., 2014). Furthermore,
BDNF knock-in mouse containing the BDNF Val66Met polymorphism
exhibited a reduced anxiety-like behavior during nicotine withdrawal
(Lee et al., 2015).

Perinatal exposure to nicotine increased oxidative stress in the
cerebellum and medulla oblongata, impaired locomotor activity and
induced anxiety in infant mice (Ajarem et al., 2017). Regarding pre-
natal exposure, nicotine induced depression, anxiety-like behavior and
impairment in the spatial memory in infant rats (Parameshwaran et al.,
2012). In the present study, we showed that ETS exposure during the
postnatal period reduces locomotor activity. Wiley et al. (2015) ob-
served that nicotine induced a biphasic effect in adult male rats, with a
hypoactivity in the first 10 min followed by a hyperactivity at
40-50 min, while cotinine, a nicotine metabolite, produced hy-
poactivity (Wiley et al., 2015). Alternatively, locomotor activity was
increased in adult rats exposed to tobacco smoke during the prenatal
period (Zugno et al., 2013) and in adolescent rats during the with-
drawal period (de la Pena et al., 2016).

Regarding anxiety-like behavior, our data are in accordance with
Abreu-Villaca et al. (2015) which showed that tobacco smoke produces
anxiogenic effect in adolescent mice (Abreu-Villaca et al., 2015). The
authors used 2R1F (1.74 mg of nicotine) and 4A1 (0.14 mg nicotine)
cigarettes and demonstrated that anxiety-like behavior pattern induced
by tobacco smoke depends on the amount of nicotine in the cigarette.
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Fig. 2. Weight of mice exposed to ETS during the early postnatal period compared with those of control animals (n = 24). Data expressed in g (means * SEM).

**p < 0.01; ***p < 0.001. A - Infancy, B — adolescence and C - adulthood.
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de la Pena et al. (2016) also showed that tobacco smoke increased
anxiety in adolescent rats during the withdrawal period (de la Pena
et al., 2016). It is important to point out that in our study, anxiety-like
behavior does not reflect changes in locomotion, since we evaluated the
percentage of distance traveled in the open arms relative to the total
distance traveled in the elevated plus maze. Moreover, adult mice did
not show any change in locomotor activity while they also showed
lower percentage of distance travelled and entries as observed in infants
and adolescents.

In summary, we showed that exposure to ETS during a critical de-
velopment period interferes with behavioral responses in mice and
changes synaptic protein levels in different brain regions. Importantly,
several of these effects were not reversed even after a long exposure-
free period.

4. Experimental procedure
4.1. Animals

BALB/c mice were obtained from the animal facility of the School of
Medicine of University of Sao Paulo. This study was approved by the
Ethics Committee of the School of Medicine (no.1038/09) and the
School of Pharmaceutical Sciences (no. 260/10), University of Sao
Paulo. Animals were housed at 22-26 °C with a 12h/12h light/dark
cycle (light starting at 7 a.m.) and received water and commercial pellet
food for small rodents from Nuvital (Nuvilab CR-1; Colombo, Brazil) ad
libitum. All procedures were in compliance with the “Principles of
Laboratory Animal Care” published by the National Institutes of Health.

4.2. Procedures

A summary of the experimental schedule is shown in Fig. 1. The size
of each litter was randomly adjusted to 6-7 pups within the first day
after delivery, as previously described by Torres et al. (2015b). To avoid

102

SEM). “p < 0.001 — ETS-exposed mice compared with the control animals.

litter effect, 1 to 2 mice from different litters were used to form a group.
The BALB/c pups were exposed, together with their mothers, to a
mixture of mainstream and sidestream tobacco smoke of reference ci-
garettes 3R4F from the 3rd (P3) to the 14th (P14) day of life during 2 h/
day (1 h at 8 a.m. and 1h at 5p.m.). The control group inhaled com-
pressed air only. Immediately after the last exposure, the animals
(n = 5) were anesthetized and the blood was collected by transcardiac
puncture to quantify the biological exposure markers. The exposure
parameters were similar to our previous study (Torres et al., 2015b): CO
levels in the chamber were 361.8 = 77.3ppm; COHb were
12.5 + 1.9%; plasma nicotine and cotinine levels were 126.1 = 17.2
and 100.8 * 14.5ng/ml, respectively. Forty-eight animals (24 females
and 24 males) were used from P18 to P66 for the behavioral tests.
Locomotor activity (n = 12 females and n = 12 males) was assessed on
P18, P35 and P65 and elevated plus maze (n = 12 females and n = 12
males) was assessed 24 h after the open field (P19, P36 and P66). Dif-
ferent sets of pups (36 animals) were euthanized by cervical dislocation
for Western blot analysis; both male and female pups were randomly
assigned to three groups (n = 6): P15 (infancy), P35 (adolescence) and
P65 (adulthood).

4.3. Behavioral evaluation

All behavioral procedures were performed during the light phase of
the light/dark cycle. The apparatus used for open-field test consisted of
a wooden round, 40 cm diameter surrounded by a 50 cm wall. Total
locomotor activity and distance traveled in the central zone of the arena
was evaluated for 10 min in the open-field test. Anxiety was measured
in an elevated plus maze that consists in two open and two closed arms
(30 x 5 x 0.25) positioned 50 cm above the floor. Animals were placed
on the central platform of the apparatus facing a closed arm. Distance
traveled on open and closed arms and number of entries into the open
arms were recorded. All the behavioral trials were recorded with a
digital camera and the analysis was performed with EthoVision 3.1



Brain Research 1707 (2019) 99-106

L.H. Torres et al.

‘(e@ 2) unoe-¢ ‘(e 8¢) uisAydoydeuds ‘(e@ 8/=) I uisdeu4s ‘sewrrue [01u0d Y} YIIM paredwod adtwr pasodxa-§19 — 100°0 > d
*(9 = u) 10[q IANSIM £q (§9d) PooyInpe pue (Ged) IUIISI[OpE

W10

Od4d

3
8
1043U0D J0 %

[x] s9d - dAS

0z

-
-— -

(eqi zy) unoe-d
(e ge) uishydoydeuks

L

0Z
=4
oy Ws u_\.
» 83
m .
* 33
0oL Ll
0zL !
oy — (e zp) unoe-g

1

(e g¢) uishydoydeuks

810

%
-3

lonuod jo

9d - dAS

—T— 001

0zL
”
-

(e zv) unoe-g
(e g¢) uishydordeuAs

L0

s R
%
Odd

s
3

)
3
[013u0 Jo

— 001

e
LR Y

WL

[G] sed-dAs

0zh

(eqi zy) unoe-g
(ea ge) uisAydojdeuls

8 8§ 8
1043u0D Jo %
1s

2
8

o~ agan

0L

ozL

s¢d - dAS

(eq zp) unoe-d
(e g¢) uisAydordeus

s13 W10
0z
o
or |m
Sa
09 3
N
i
N —T— oL & ¥
ozk @
(e zp) unoe-g

e em o) IsAydordeuis

L

0zL

-04d

1053400 40 %

[&] std-dAS

(eqt zv) unoe-g

e —

(ea g¢) uishydoydeuds

L

{14 o

]

oy |Oan,\.

» 83

m .

08 WM

]

—n

0zL H

W W (o0 zp) upe-d

W " (o) usiudodeuds

W10

s o
8 8

— =
- -—

0zL

%
-30

lo1uo0) Jo

[@] sid-dAs

(eq zp) unoe-d
(e gg) uishydordeuds

'§9d-dAS-Ddd ¥ ‘SE€d-dAS-D4d :O ‘S1d-dAS-D4d :d ‘§9d-NAS-D4d :O ‘SEd-NAS
-D4d N ‘STd-NAS-Ddd ‘I ‘G9d-dAS-IS T ‘S€d-dAS-IS N ‘STd-dAS-LS :f ‘§9d-NAS-LS I ‘GEd-NAS-LS ‘H ‘STd-NAS-LS D ‘§9d-dAS-HD A ‘SE€d-dAS-HD *H ‘GTd-dAS-HD ‘A ‘G9d-NAS-HD :D ‘SEd-NAS-HD ‘@ ‘STd-NAS-HD 'V

e

s13 110 )
L 0z
ES
oo o
-4
7]
0o @< 09
3% ”
® S
=
oL & 01
ozL @ ozt
—— _—
(eQ¥ zp) unoe-g - (e z) u
= - o) uisdeuAs = 3

10
10
{4
0T ¢
) or
LA
09
09 mm 3
08 m%
e N
oor & 001
|—[ {43 E ozl
-_—
-— == - (eQi zp) us
(e zv) uoe-g - e
1o e (e@) 8. =) | uisdeuAg

10 10

% O o0z

|m
o o o

0%
® oz 09
o Sy 08

e

o »
" —T 00k
ozk
an e

1043U02 JO %
24d

[Z] S€d-NAS-

noe-¢

(e@ 8. =) | uisdeuds

%
-1S

louo) jo
§€d - NAS

noe-g

(eqy 82 =) | uisdeukg

-30

1043U0D 30 %

58d - NAS

(ea z) unoe-g
(e 82 =) | uisdeuks

RTE]

100 > d_ 500 > d "(NIS F ueaur) [013U0D jo Jusd1ad 3y) se passardxa a1e eeq
‘(S1d) Loueyur ur Surmp (DAd) x93100 [eyuorjaid pue (1S) wnierns ‘(4D) wWnyRqa1ad ur (JAS) ursAydoydeuss pue (NAS) I uisdeu4s jo uoneoynuend) °s *S14

0w 3
-
o o O
<3
o
09 9
]
o 5

3z
[Z] std-NAS-

0Z1

(@ z) unoe-g¢
(eqy 8. =) | uisdeuhs

W10
0z
=9
o o+
S
o=
® 2
3
08
. s 3
oo

— ey

(e zp) unoe-g
(eqy 82 =) | uisdeuks

THL

{4
=R
o o
-
» g3
08 2 X
s
@

-a o8

001

(

eQy Zp) unoe-¢

(ea 82 =) | uisdeuAg

103



L.H. Torres et al.

Brain Research 1707 (2019) 99-106

o = s — 3
©
o P o o
"o 8 C o © "o 8
[ L L
Zz E Zz E Zz E
0% 0% oo
o8 e @S @S
. 44 : 44 . 44
w w w
3} %) o
e e
0 . : 0 ' 0 . :
CTRL ETS CTRL ETS CTRL ETS
@ 254 25- 254
—
Y 20 8 201 8 201 T
o % o o
o 154 o 154 o 154
oD o o
@ = 191 @ & 1] e @ < 1] R
o 5 » 5 o 5
§ . S . , 8 : S
CTRL ETS CTRL ETS CTRL ETS
70 70- II| 704
2 60 3 60+ I _— g 604
T & 5 % & g5
wo w o wo
40 40 40
ZE 5 ZE e ZE
m 2 304 m 2 30 D 304
Al ] Qg .
O 207 % O 20 o 20
'S [’ [T
o 104 o 10 % % o 101
B . : . i : . SRR
CTRL ETS CTRL ETS CTRL ETS

Fig. 6. Quantification of BDNF in cerebellum (CE), striatum (ST) and prefrontal cortex (PFC) during infancy (A, D, G), adolescence (B, E, H) and adulthood (C, F, I) by
BDNF Emax ImmunoAssay System kit (n = 6). Data are expressed in pg/mL (mean + SEM). “p < 0.01 ""p < 0.001 - ETS-exposed mice compared with the

control animals.

software (Noldus, Wageningen, the Netherlands).

4.4. Western blot analysis

The cerebellum, striatum and prefrontal cortex were dissected and
stored at -80 °C until preparation of the homogenate in ice-cold buffer
containing 50 mM Tris-HCl (pH 7.4), 1.0mM PMFS, 10ug/ml leu-
peptin, and 1.0 mM L-cit. The extracts were then centrifuged at 1,000 g
at 4°C for 5min. Protein determination in the supernatants was per-
formed with the Bradford dye method using the Bio-Rad reagent. The
whole extracts were treated with Laemmli sample buffer containing
dithiothreitol and boiled for 5min. Equal quantities of protein from
each sample were resolved by sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE; 10% polyacrylamide) and transferred
onto a nitrocellulose membrane. After blocking the nonspecific sites
with 0.2% (w/v) casein, membranes were incubated overnight at 18 °C
with primary antibodies, rabbit polyclonal anti-synapsin, 1:1000
(Millipore, Temecula, United States) and mouse monoclonal anti-sy-
naptophysin, 1:1000 (DakoCytomation, Glostrup, Denmark). The
membranes were washed with Tris-buffered saline containing 0.1%
Tween 20 and subsequently incubated with a peroxidase-conjugated
secondary antibody for 1 h. After 3 washes, the immunoreactive bands
were visualized using the ECL detection system (Thermo Scientific,
Rockford, USA), and the images were captured with ImageQuantTM
400° v.1.0.0 (Amersham Biosciences, Pittsburg, USA). The band in-
tensities were quantified with ImageJ 1.43u (National Institutes of
Health, USA), and the results were normalized to the intensity of B-
actin (Sigma-Aldrich, St. Louis, USA)

104

4.5. BDNF

BDNF levels were quantified using the BDNF Emax ImmunoAssay
System (Promega, Madison, WI, USA). Briefly, each well of a 96-well
microplate was covered with 100 uL anti-BDNF monoclonal antibody
diluted 1:1000 in carbonate buffer (25 mM NaHCO3;, 25 mM Na,COs;,
pH 9.7). The plate was sealed, incubated overnight at 4 °C and washed
with Tris-buffered saline containing 0.05% Tween 20. Then 200 pL/
well of 1x Block & Sample buffer was added and the plate was in-
cubated at room temperature for 1h. Following additional washes,
100 puL of the sample (1:4 dilution) or BDNF standard (serial 1:2 dilu-
tions ranging from 0 to 500 pg BDNF/mL) were added and the plate was
incubated for 2h at room temperature with shaking. After additional
washes, 100 pL of anti-BDNF polyclonal antibody diluted 1:500 in 1x
Block &Sample buffer was added and the plate incubated for 2h at
room temperature with shaking. The plate was washed and 100 pL of
anti-IgY horseradish peroxidase conjugate (diluted 1:200 in 1x Block &
Sample buffer) was added. The plate was incubated for 1h at room
temperature with shaking and protected from light. Following addi-
tional washes, the plate was then incubated for 10 min with shaking at
room temperature with 100 uL/well of TMB One solution. The reaction
was stopped by adding 100 pL of HCl 1N, and absorbance was mea-
sured at 450 nm.

4.6. Statistical analysis

The open field and elevated plus maze data were analyzed using
repeated-measures analysis of variance (ANOVA) with the treatments
and sex as the between-subject factors and age as the within-subject
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factor. Post-hoc analysis was performed with the Bonferroni test. The
weight, Western blot and BDNF data were analyzed using Student’s t-
test for independent samples. The data were presented as the
means * SEM. Differences with a probability of 95% (p < 0.05) were
considered significant.
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