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Summary

Neurotrophins are proteins included in development and
functioning of various processed in mammalian organisms. They
are important in early development but as well as during
adulthood. Brain — derived neurotrophic factor (BDNF) and nerve
growth factor (NGF) have been previously linked with many
psychiatric disorders such as depression and addiction. Since
during postnatal development, brain undergoes various functional
and anatomical changes, we included preweaning environment
linked with

improved function and development of the several brain structure

enrichment (EE), since enrichment has been
such as hippocampus (HP), in which we monitored these
changes. On the other hand, social isolation has been linked with
depression and anxiety-like behavior, therefore postweaning
social isolation has been added to this model as well and animal
were exposed to this condition till adolescence. We examined if
all these three factors had impact on BDNF and NGF levels during
three phases of adolescence — postnatal days (PDs) 28, 35 and
45. Our results show that EE did not increase BDNF levels neither
in control or MA exposed animals and these results are similar for
both direct and indirect exposure. On the other side, social
separation after weaning did reduce BDNF levels in comparison to
standard housing animals but this effect was reversed by direct MA
exposure. In terms of NGF, EE environment increased its levels
only in indirectly exposed controls and MA animals during late
adolescence. On the other hand, social separation increased NGF
levels in majority of animals.
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Introduction

Neurotrophins are important regulators of neural
survival, development, function, and plasticity [1]. Nerve
growth factor (NGF) and brain-derived neurotrophic
factor (BDNF) are proteins which serve as potential
therapeutic options to increase neural repair and recovery
as they promote neuroprotection and regeneration. These
proteins are abundantly expressed in the neocortex and
their
expression continues in adulthood, as reported from

hippocampus (HP) during development, but
animal studies [2,3]. For many decades it has been
suggested that alteration of neurotrophins is involved in
several pathophysiologies of psychiatric disorders
(depression, anxiety, addiction etc.). Development of
addiction is associated with alteration of structural and
functional changes which together belong to processes of
neuronal plasticity. Neuronal plasticity, as ability of brain
to change through the growth is necessary for successful
information storage and memory formation as well as for
adaptive responses resulting in various modifications of
behavior. These processes are facilitated by increased
BDNF synthesis and release [4]. Link between BDNF
and neuronal plasticity is well established and play
important role in mediating synaptic changes involved in
learning and memory, which underlies behavioral and
structural adaptations associated with drug addiction

[5-7].
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HP is part of the limbic system, where these

grow factors are massively expressed [4]. Rat
neurogenesis of HP occurs prenatally (embryonal days
16-19) and peaks [3] during early stages (first three
postnatal weeks). Interneurons are generated postnatally,
and neurogenesis of dentate gyrus

senescence [8,9]. Adolescence is acritical period of

continues till

development when organism transits from childhood to
adulthood. In humans, adolescence is considered to be
around 12 to 20 years of age, and postnatal days (PD) 28
to 42 in rodents [10]. Alteration in BDNF, during
development, when continuous modeling of brain occurs
through
disruption of development, especially by drug exposure

adolescence into adulthood may lead to

[9], because it has been shown that drugs may disrupt

neurogenesis resulting in long-lasting changes in
adulthood [8].
Our laboratory is focused on addiction research

effect of
highly addictive

to neurotoxic
MA is
psychostimulant abused worldwide, but especially in

for decades, especially

methamphetamine (MA).

central Europe (Czech Republic, Slovak Republic, etc.).
It gained its popularity due to quick onset of desirable
effects such as increased alertness, energy burst as well as
decreased appetite and need for sleep. Main issue with
MA abuse is its potential neurotoxic effects on human
abusers. Experimental studies show that it causes long-
term damage to various brain regions of laboratory
animals resulting in long-term changes in behavior
[11,12]. Our previous studies demonstrated, that prenatal,
as well as early postnatal MA exposure impair cognitive
functions that are associated with HP [13-15]. These
alterations may be also associated with compromised
behavior of mothers exposed to MA. Rat mothers
exposed to MA during gestation and lactation exhibit
impaired maternal behavior, which is manifested by
spending less time on maternal activities and more time
on self-care [12,16,17]. Early postnatal stress in humans
leads to significant memory impairments in adulthood
[18] and it is associated with reduced BDNF levels [19].
In rats, it leads to decreased synaptogenesis of HP, as
well as decreased levels of BDNF, and long-term
potentiation and memory defects [20]. According to
clinical and experimental studies, any separation of the
developing their
significant changes in developmental patterns, such as an

individuals from mother causes
increased risk for addiction later in life [21,22], since it
causes disruption in the hypothalamus-pituitary-adrenal
axis [23,24].

Rat’s brain development peaks during first two

postnatal weeks. This period corresponds to third

trimester of human pregnancy, when similar brain
maturation occurs [13,25]. Therefore, it is very important
to look on possible effect of MA exposure of pups by
breastfeed of exposed mothers, since it is only source of
nutrition till weaning. It has been reported that MA
exposure during early gestation stages may not affect
fetal brain development, but during later stages of
prenatal and early postnatal development may be harmful
[12,25]. During early postnatal period neurotransmitter
systems mature and therefore this period could be
potentially more sensitive to drug exposure [26]. Also,
MA affects development of neuronal endings and alters
maturation of the brain structures which begins during
second half of gestation and continues till weaning
[12,27]. Other study from our laboratory revealed that
early postnatal administration of MA to pups between
PD 1-11 affected performance during Morris water maze
task, examining learning and memory function dependent
on HP, such as worsened spatial learning and the ability
to remember the position of a hidden platform [13].

Our studies so far show that exposure of MA can
alter development of young organism which may have
long-lasting serious consequences, but question remains
as to whether there are factors that might repair or reverse
these consequences. One of the tools can be animal
model of positive modulation and stimulation of neural
plasticity via exposing to enriched environment (EE)
[28]. However, there is lack of knowledge about
appropriate timing of EE exposure. Studies reported that
effect of EE on brain plasticity and behavior in adolescent
rodents were more significant compared with those
before weaning due to the more complex neural circuits
and the approaching maturity of the nervous system [29].
The mechanism involved is inseparable from the
secretion of BDNF [29]. Previous studies have also
shown that EE can enhance the growth factors that
promote neurogenesis, including an NGF [28,29], and
that EE significantly induced neurogenesis of HP in adult
mice [28]. Other study reported that rats housed in group
exposed 30 days to EE had significantly higher levels of
NGF mRNA than rats housed individually in single cages
without stimulus-enrichment [30]. Studies have shown
that EE has beneficial effects on these diseases [31].
Moreover, EE exposure can also reduce the strengthening
and seeking of psychostimulants and reduce the risk of
relapse [32].

EE has been found to have anti-anxiety and
antidepressant effects in animal models induced by social
isolation. Social isolation elicits chronic stress since rats
naturally live in groups and preventing them of social
contacts and interaction for a longer time deprives them



2023

Neurotrophins, Methamphetamine, Environment and Adolescence

S561

of important stimuli and represents a significant stressor.
Chronic social isolation induces a variety of symptoms in
rats, including depression, anxiety, and psychosis-like
behaviors. There has been reported an altered expression
of BDNF in the brain of rats housed in social isolation.
Majority of studies across all age groups (post-weaning,
adolescent, adult) reported a decreased expression of
BDNF in HP. This supports the evidence that chronic
stress downregulates hippocampal BDNF expression in
rats, in line with the findings from other chronic stress
paradigms [33].

Based on the above, the aim of the present study
was to examine the effect of early postnatal MA exposure,
either directly (daily injection) or indirectly (by breastfeed of
exposed mothers) on levels of BDNF and NGF in rat’s HP
with respect of different preweaning (EE vs. standard) and
postweaning (grouped vs. separated) housing conditions.
Adolescent male rats were analyzed at 3 ages: postnatal day
(PD) 28 that corresponds to juvenile (early adolescence),
PD 35 — adolescence, PD 45 — late adolescence.

Methods

Methods

The procedures used in this study were reviewed
and approved by the Institutional Animal Care and Use
Committee and meet the Czech Government
Requirements put forth under the Policy of Humans Care
of Laboratory Animals (No. 86/609/EEC) and with the
subsequent regulations of the Ministry of Agriculture of

the Czech Republic.

Animals

Adult female and male Wistar rats were
purchased from Velaz (Prague, Czech Republic) and bred
by Charles River Laboratories International, Inc. Rats
were housed in a temperature-controlled (22-24 °C) room
using a standard 12 h light/dark cycle. Animals were left
undisturbed for one week before fertility determination.
Food and water were available ad [libitum during that
period. For determination of estrous cycle phase female
rats were smeared using vaginal lavage. At the estrous
phase females were housed overnight with sexually
matured males. Determination of fertilization was
performed by smearing of females for presence of sperm.
Cage [13,34]. The day after birth, the number of pups in
each litter was adjusted to 12. Pups were randomly
assigned to MA-treated (MA) groups and

(SA)-treated control groups.

saline

Chemicals

Physiological saline (0.9 % NaCl) and d-Meth-
amphetamine hydrochloride were purchased from Sigma-
Aldrich (Czech Republic).

Experimental design
In this experiment, we studied the effect of two
different methods of postnatal MA administration:

- direct — subcutaneous administration to pups on
postnatal days (PD) 1-12,

- indirect — subcutaneous administration to mothers on
PDs 1-12, so that pups received the drug via maternal
breast milk.

MA was injected at a 5 mg/ml/kg dose, and
control SA rats were given the same volume of SA.

During the period before weaning (PD 1-21),
pups were exposed to a standard environment (i.e.
L: 39xW: 24xH: 18) wused
laboratory or to an enriched environment (EE) with larger

standard cages; in our
cages (L: 51xW: 42xH: 41) containing various toys. Pups
were divided into groups according to the environment in
which they were raised. On PD 21, the pups were weaned
from mothers and divided into two different groups:

- housed together — housed in groups of 4 (natural for
rats as social animals) (L: 51xW: 42xH: 41)

- housed separately — rats were housed separately, one
animal per cage (L: 39xW: 24xH: 18) which is thought to
be a stressor.

The experimental timeline is shown in Figure 1.
In total, 384 male rat pups were used in this
study, 8-10 per group, divided according to:

- age when sacrificed — PD 28 — early adolescence,
PD 35 — mid-adolescence, PD 45 — late adolescence

- treatment — MA vs. control

- drug application — direct vs. indirect

- housing before weaning — standard cage vs. EE.

- housing postweaning — group vs. separate

Eight rats were used in each group. The animals
were left undisturbed until the day of sacrifice. In the
present experiment, only males were tested because of the
complications linked with the hormonal cycle in females.

Determination of BDNF and NGF by enzyme-linked
immunosorbent assay (ELISA)

On the respective days (PD 28, 35, and 45), the
animals were anesthetized with an overdose of chloral
hydrate (400 mg/kg,
intracardial

Sigma-Aldrich) and given an
perfusion of heparinized saline. The
hippocampi were removed, snap frozen on dry ice, and
-80°C for further

processing, the samples were homogenized in phosphate

stored at processing. During
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buffered saline (Sigma Aldrich) containing cOmplete™
Inhibitor Cocktail (Roche) for
concentration of 100 mg/ml. The homogenates were
centrifuged at 10000% g in a cooled microcentrifuge for
10 min; the supernatants were aliquoted and stored frozen
at -80 °C until assayed. Levels of BDNF and NGF were

Protease a final

measured with commercially available ELISA kits
(E-EL-R1235 and E-EL-R0652, Elabscience Biotech-
nology Inc.). Assays used samples diluted 20times, and
analyses were performed according to the manufacturer’s
instructions. The absorbance was read at 450 nm on
an 800™ TS microplate Absorbance Reader (BioTek).
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Fig. 1. Timeline of the experiment and design. Figure demonstrates time slots of respective procedures such as substance
administration, experimental condition of animals as well as hippocampi collection.

Statistical analyses

A three-way ANOVA (treatment x environment
x housing) was performed to measure the statistical
significance, which was done separately for each of the
different ages and forms of exposure. The Tukey post hoc
test was used for multiple comparisons between groups.
GraphPad Prism 9 and TIBCO Statistica™ software were
used for statistical analyses.

Results

Levels of BDNF after direct exposure

On PD 28 there were no significant differences
between groups (Fig. 2A).

On PD 35 several factors of significance were
found: treatment [F(; s¢=12.41, p=0.0009], environment
[F1,56=31.20, p=0.0001], interaction between environ-
ment and housing [F(; 56=5.030, p=0.0289], and
interaction between all factors [F(; 5=6.588, p=0.0130].
In multiple comparison analysis we acquired differences

between these groups: levels of BDNF in CTRL standard
separate animals were significantly lower than in
MA standard (p=0.0005). This
MA standard separate were significantly higher than
MA standard group (p=0.0069), MA EE separate
(p=0.0001) as well as MA EE group (p=0.0004)
(Fig. 2C).

On PD 45 the following significant factors were:
treatment [F(; 5,y=5.495, p=0.0230], treatment X housing
[Fa,s1=4.624, p=0.0360] and interaction of all three
factors [F(;51y=5.290, p=0.0256]. Levels of BDNF in
MA standard separate were significantly higher than in
CTRL standard separate (p=0.0030), MA standard group
(p=0.0301) and MA EE group (p=0.0481) (Fig. 2E).

separate levels in

Levels of BDNF after indirect exposure
According to statistical analyses, our results

shows, that indirect exposure of MA did not eminently

altered BDNF levels and we did not obtain significant

differences (Fig. 2B, D, F).
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Levels of NGF after direct exposure

On PD 28 after direct exposure, there were
no significant differences between groups (Fig. 3A).

On PD 35, factor of significance was environment

levels levels in

[Fi1,56=8.626, p=0.0048]; of NGF
standard group were significantly higher than in
EE group (p=0.0040), which was more apparent in

CTRL group (Fig. 3C).
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Fig. 2. Levels of BDNF in hippocampus. (A, C, E) levels of BDNF in HP after direct exposure of MA or SA as control. (B, D, F) levels of
BDNF in HP after indirect exposure of MA or SA as control. Levels of BDNF are expressed per wet weight of HP. Values are £ SEM.

n=8-10. * p<0.05, ** p<0.01, *** p<0.001.
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On PD 45 the only factor of significance was
environment  [F(s5=27.45, p=0.0001];
significantly lower NGF levels in standard group
(p=0.0059) and standard separate than in EE group
(p=0.0040) (Fig. 3E).

there are

Levels of NGF after indirect exposure

On PD28 factors of significance
environment [F(; 5¢=17.55, p=0.0001] and interaction
between treatment and [F1,56=19.31,
p=0.0001]. There were significantly higher levels in
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Fig. 3. Levels of NGF in hippocampus. (A, C, E) show levels of NGF in HP after direct exposure of MA or SA as control. (B, D, F) levels
of NGF in HP after indirect exposure of MA or SA as control. Levels of NGF are expressed per wet weight of HP. Values are £ SEM.

n=8-10. * p<0.05, ** p<0.01, *** p<0.001.
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CTRL EE separate in comparison to MA EE separate
(p=0.072), significantly higher levels in MA standard
group in comparison to MA EE group (p=0.0009) as well
as significantly higher levels in MA standard separate in
comparison to MA EE separate (p=0.0008) and
MA EE group (p=0.0006) (Fig. 3B).

On PD 35 the only factor of significance was
environment [F 55=19.48, p=0.0001]. We obtained
significantly higher levels of NGF in CTRL standard
separate in comparison to CTRL EE separate (p=0.0009)
as well as CTRL EE group (p=0.0018) (Fig. 3D).

On PD 45, significant
differences (Fig. 3F).

there were none

Fluctuations of BDNF and NGF during all stages of
adolescence

In this part of analysis, we measured fluctuation
of BDNF and NGF in control and MA exposed animals.
We compared animals exposed to pleasant environment
(EE and group) with animals in most depriving
environment (standard separate).

BDNF
We obtained significant differences between

groups according to PD of animals (Fig. 4).

significant. Interaction [Fs6=18.81, p=0.0001], PD

[F328=87.12, p=0.0001] and group [Fguoe=17.12,
p=0.0001].
In MA standard separate we obtained

significantly lower levels on PD 28 than 35 (p=0.0001) as
well as on PD 45 in comparison to PD 35 (p=0.0001). In
control standard significant
differences between all PDs. Levels on PD 28 were
signifi-cantly lower than PD 35 (p=0.0048), significantly
higher on PD 28 vs. PD 45 (p=0.0492) and significantly
lower on PD 35 than PD 45 (p=0.0031). In control
EE group, there were significantly higher levels on PD 28
than PD 45 (p=0.0046).

After indirect exposure, only PD factor was
significant (F24=22.12, p=0.002). In MA standard
separate we obtained significantly lower levels on PD 28
vs. PD 35 (p=0.0439). In control standard separate levels
on PD 28 were significantly lower vs. PD 35 (p=0.0342)

and as well on PD 45 (p=0.0328).

separate we obtained

NGF

There were no significant differences between
groups after direct exposure (Fig. 5).

After indirect exposure, all factors
significant. Interaction [F s5=4.938, p=0.0004].

Wwere
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Fig. 4. Age differences in BDNF levels. Left graph shows levels of BDNF in HP after direct exposure of MA or CTRL and right graph
shows these levels after indirect exposure. Figures demonstrate developmental changes in these levels of animals in standard separate
environment (worst environment) vs. EE group (best environment). Levels of BDNF are expressed per wet weight of HP. Values are
+ SEM. n=8-10. * p<0.05, ** p<0.01, *** p<0.001.
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PD [F.8~21.87, p=0.0001] and group
[F3.28=3.354, p=0.0329]. In MA standard separate, levels
were significantly higher on PD 28 than PD 35
(p=0.0001) and higher levels on PD 35 in comparison to
PD 45 (p=0.0001). In control standard separate, there

Age differences in NGF levels
(direct exposure)

ug/ug tissue
[ o]
[—]

I I I
PD 28 PD 35 PD 45

® MA standard separate
# CTRL standard Separate

ug/ug tissue

were significantly higher levels on PD 28 vs. 45
(p=0.0013) as well as on PD 35 in comparison to PD 45
(p=0.0167). In control EE group there were significantly
higher levels on PD 28 in comparison to PD 45
(p=0.0006).

Age differences in NGF levels
(indirect exposure)

! I I
PD 28 PD 35 PD 45

#® MA EE group
¥ CTRL EE Group

Fig. 5. Age differences in NGF levels. Left graph shows levels of NGF in HP after direct exposure of MA or SA as control and right graph
shows these levels after indirect exposure. Figures demonstrate developmental changes in these levels of animals in standard separate
environment (worst environment) vs. EE group (best environment). Levels of NGF are expressed per wet weight of HP. Values are

+ SEM. n=8-10. * p<0.05, ** p<0.01, *** p<0.001.

Discussion

Our current study investigated influence of early
postnatal exposure of MA along with preweaning EE and
postweaning social isolation on BDNF and NGF levels.
These neurotrophins have been targets of research in
many psychiatric disorders for many decades since they
have crucial role in development, survival of cells, cell
death and many other functions in CNS [4].

Firstly, it is important to mention that we
obtained very eminent differences in levels of these
neurotrophins (primarily BDNF) according to various
stages of adolescence. Some studies investigated
expression of these proteins during development of rats.
Study by Maisonpierre et al. [35] investigated levels of
BDNF and NGF RNA in rat brain from postnatal stages
till adulthood [35]. This study reported, that gene
expression of BDNF and NGF in HP was highest in

adults, but expression of BDNF fluctuated from birth to

adulthood, while NGF expression remained relatively
consistent. Total BDNF RNA was however highest
during adolescence, while NGF RNA was again very
consistent from the birth [35]. Since there is not enough
research demonstrating normal levels during various
developmental stages, our results can be explained by
increased  neuronal during

plasticity ~ processes

adolescence.

Impact of MA on BDNF and NGF levels

As continuation of previous work of our
laboratory, main focus of this study was investigation of
possible neurotoxic effect of early postnatal exposure of
MA. Effect of MA on levels of neurotrophins, has been
reported by other authors and extended access to MA
self-administration enhances BDNF expression in the HP
of adult rats and there is evidence that early postnatal MA
exposure elevated levels of BDNF, however not NGF
[36].
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In our current work, we did not suspect many
eminent changes in terms of MA exposure, except in case
of direct exposure in MA in combination with separation.
MA elevated levels of BDNF in separated animals, while
in indirectly exposed animals and control animals are
these levels reduced in comparison to standard housing.
In contrast of our results, study by Grace et al. [37]
reported increased BDNF levels in HP after repeated
MA administration during PD 11-15 [37]. Authors
hypothesize that effect of MA on BDNF develops only
after multiple days of exposure or it is protected from
fluctuations by some mechanism, because they did not
observe any changes on PD 11 in these levels. However,
it is important to mention that dose in this research was
two times higher than we used in current study, and these
levels were measured after exposure, in contrast to our
study.

Impact of social isolation and EE on BDNF and NGF levels

Secondly, we investigated consequences of
social isolation stress during postweaning period, on the
levels on neurotrophins in combination of previous MA
exposure. BDNF as well as NGF are involved in adaptive
plasticity of chronic stress and can participate in the HPA
axis response to stressful stimuli [38]. It has been
reported that 4-6 week of social isolation in mice
eminently affected levels of these neurotrophins in HP
[39,40]. Another experimental evidence brought the idea
that NGF expression is regulated by behavioral activation
since it has been reported that intermale aggression
induced a large increase in levels of NGF in HP [41].
These findings bring us hypothesis, that NGF levels are
responsive to stressors associated with fear and anxiety. It
is very well established that the CNS undergoes serious
developmental processes during early postnatal
development in rats (critical period) and it is sensitive to
various external stimuli [42,43]. NGF and BDNF play
eminent role in modulating brain plasticity to better cope
with them [3].

Study by Alleva (2001) reported that communal
nest of mice, where three mothers kept their pups
together increased levels of BDNF and NGF in HP as
well as newly generated cells in this brain area. However
as mentioned above, the psychosocial stress also
increases NGF levels in HP. This fact leads to hypothesis
that NGF have role in the emotional status caused by
psychosocial stress and physiological need of the
events leading to

organism to remember the

an appropriate coping with stressor [44]. Cirulli and his

team [45] brought the milder

manipulation could promote neural plasticity, while

hypothesis that

chronic stressful condition could lead to sensitization of
limbic system to stress, decrease brain plasticity which
can lead to higher susceptibility to psychopathology. In
rodents, separation of infant from mother for brief period
of time increased NGF levels in HP in a time-dependent
manner while longer periods of separation led to
increased rate of cell-death in neocortex [3,45].

Our results agree with the observations that social
separation stress can elevate NGF levels. We demonstrate
increased levels of this protein after social separation in
almost all experimental group not dependent of drug
exposure. BDNF levels were mostly decreased after social
separation in all PDs, but as mentioned above, within
direct MA exposure, there is significant increase in these
levels.

As mentioned above, several studies reported
that MA induce BDNF signaling, so we hypothesize that
this decrease induced by separation, was reversed by
MA exposure. Most evident effect is visible on PD 35.
However, this effect was not visible within indirectly
exposed MA animals, suggesting that this form of
exposure, did not cause same effect as direct. This result

which
indirect

correlates with our previous experiments
demonstrated differences between direct vs.
MA administration on rat performance on various
behavioral tests [13,46,47]. Explanation for different
action of direct and indirect MA exposure may be
hypothesis, that direct early postnatal MA injection
exhibits an instantaneous effect on the body while
MA injected through breast milk is slowly absorbed into
the body of pups. During indirect MA exposure, MA is
partly metabolized in the mother’s body. The half-life of
MA in rats is reported to be around 70 min [48,49].
Mothers exposed to MA often display more self-care
activities and that led to paying less attention to the litter
after drugs exposure [50]. Therefore, pups may not have
a chance to suck until the effect of the drug on the mother
has diminished, which may expose the pups to lower
MA doses than after direct MA injections.

Thirdly, we tracked if EE during development
can reverse negative impact of MA exposure. Since both
stressors (MA and separation) could have the negative
effect of development, we hypothesized that EE could
reverse possible negative effect of MA exposure and
produce different results in comparison to exposure of
stress. Adding some positive enrichment to environment

could have significant impact of developmental pattern.
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Other studies also reported that EE may have
positive influence on neuronal development. In terms of
BDNF, on mice model of EE there was enhanced
exploratory behavior, memory performance as well as
increased BDNF levels in HP were observed [51]. Also,
it has been shown that showed that EE led to stronger
dorsal HP BDNF response and higher serum BDNF
levels. Animals exposed to EE showed higher brain
weight compared to isolated rats and increased BDNF
profile of enriched animals might represent the
neurobiological correlate of resilience phenotype under
a stressful situation [52]. In terms of NGF response to
EE, it has been found by another study that levels of NGF
were higher in HP of rats exposed to EE in comparison to
standard housing. Researchers explained this fact by
possible higher activity of cholinergic neurons caused by
the stimulus-rich environment because of the fact that
combined action NGF and acetylcholine levels most
effectively facilitates neuronal plasticity, and activity of
noradrenergic neurons most probably results in higher
levels of neutrophins [30]. Studies mentioned above
suggested, that there is questionable mechanism of
response in BDNF and NGF to external stimuli.

Interestingly, in our study EE decreased levels of
BDNF in most experimental groups as well as separation,
so there is mystery how this protein truly reacts to
positive and negative environmental stimuli. Effect of EE
on NGF levels was less consistent.

It has been reported that EE caused an elevated
conversion of pro BDNF to BDNF within the HP and EE
increased the expression BDNF protein levels in the rat
HP. Alteration of environment could facilitate or impair
the conversion of pro BDNF to BDNF in the rodent HP.
BDNF acts on systems involved with intracellular
signaling and synaptic transmission. In contrast, pro
BDNF bound the p75SNTR receptor and its action had
been related to neuronal cell death and synaptic
withdrawal [53]. Decreased BDNF levels after EE
exposure can be however sex specific. In this experiment
we used only male rats. Study by Sadegzadeh et al.
reported significant increase in these levels in prefrontal
cortex of female rats exposed to EE, however not male
rats [54]. In male rats, these levels were slightly lower in
comparison to control animals [54]. According different
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Conflict of Interest
There is no conflict of interest.

Acknowledgements

This experiment was supported by grant GAUK 144212,
260648/SVV/2023 and research program Cooperatio
Neurosciences from Charles University, grant project GA
21-30795S from Grant Agency of the Czech Republic,
and project PharmaBrain CZ.02.1.01/0.0/0.0/
16 025/0007444 by OPVVV. The authors express their
appreciation to Zuzana Jezdikovda and Mgr. Lucia
Vodérova for their excellent technical help.

1.  Sofroniew MV, Howe CL, Mobley WC. Nerve growth factor signaling, neuroprotection, and neural repair.
Annu Rev Neurosci 2001;24:1217-1281. https://doi.org/10.1146/annurev.neuro.24.1.1217




2023 Neurotrophins, Methamphetamine, Environment and Adolescence S569

2. Webster MJ, Herman MM, Kleinman JE, Shannon Weickert C. BDNF and trkB mRNA expression in the
hippocampus and temporal cortex during the human lifespan. Gene Expr Patterns 2006;6:941-951.
https://doi.org/10.1016/j.modgep.2006.03.009

3. Levi-Montalcini R. The saga of the nerve growth factor. Neuroreport 1998;9:R71-R83.

Berry A, Bindocci E, Alleva E. NGF, brain and behavioral plasticity. Neural Plast 2012;2012:784040.
https://doi.org/10.1155/2012/784040

5. Alves RL, Oliveira P, Lopes IM, Portugal CC, Alves CJ, Barbosa F, Summavielle T, Magalhdes A. Early-life
stress affects drug abuse susceptibility in adolescent rat model independently of depression vulnerability. Sci Rep
2020;10:13326. https://doi.org/10.1038/s41598-020-70242-4

6. Horger BA, Iyasere CA, Berhow MT, Messer CJ, Nestler EJ, Taylor JR. Enhancement of locomotor activity and

conditioned reward to cocaine by brain-derived neurotrophic factor. J Neurosci 1999;19:4110-4122.
https://doi.org/10.1523/INEUROSCI.19-10-04110.1999
McCarthy DM, Brown AN, Bhide PG. Regulation of BDNF expression by cocaine. Yale J Biol Med 2012;85:437-446.

8. Danglot L, Triller A, Marty S. The development of hippocampal interneurons in rodents. Hippocampus
2006;16:1032-1060. https://doi.org/10.1002/hipo0.20225

9. Crews F, He J, Hodge C. Adolescent cortical development: a critical period of vulnerability for addiction.
Pharmacol Biochem Behav 2007;86:189-199. https://doi.org/10.1016/1.pbb.2006.12.001

10. Spear LP. Assessment of adolescent neurotoxicity: rationale and methodological considerations.
Neurotoxicol Teratol 2007;29:1-9. https://doi.org/10.1016/j.ntt.2006.11.006

11. Cechova B, Slamberova R. Methamphetamine, neurotransmitters and neurodevelopment. Physiol Res
2021;70(Suppl 3):S301-S315. https://doi.org/10.33549/physiolres.934821

12. Slamberovd R. Review of long-term consequences of maternal methamphetamine exposure. Physiol Res
2019;68(Suppl 3):S219-S231. https://doi.org/10.33549/physiolres.934360

13.  Petrikova-Hrebickova I, Sevéikova M, Slamberova R. The impact of neonatal methamphetamine on spatial learning
and memory in adult female rats. Front Behav Neurosci 2021;15:629585. https://doi.org/10.3389/fnbeh.2021.629585

14. Hrebickova I, Malinova-Sevéikovd M, Macachovd E, Nohejlova K, Slamberova R. Exposure to

methamphetamine  during first and second half of prenatal period and its consequences
on cognition after long-term application in adulthood. Physiol Res 2014;63(Suppl 4):S535-S545.
https://doi.org/10.33549/physiolres.932927
15.  Slamberova R, Vrajova M, Schutova B, Mertlova M, Mactchova E, Nohejlova K, Hruba L, Puskar&ikova J, ET AL.
Prenatal methamphetamine exposure induces long-lasting alterations in memory and development of NMDA
receptors in the hippocampus. Physiol Res 2014;63(Suppl 4):S547-S558. https://doi.org/10.33549/physiolres.932926
16. Malinova-Sev¢ikova M, Hrebickova I, Macuchova E, Nova E, Pometlova M, Slamberova R. Differences in

maternal behavior and development of their pups depend on the time of methamphetamine exposure during
gestation period. Physiol Res 2014;63(Suppl 4):S559-S572. https://doi.org/10.33549/physiolres.932925
17. Slamberova R, Charousova P, Pometlova M. Maternal behavior is impaired by methamphetamine administered

during pre-mating, gestation and lactation. Reprod Toxicol 2005;20:103-110.
https://doi.org/10.1016/j.reprotox.2004.11.010

18. Bremner JD, Vythilingam M, Vermetten E, Southwick SM, McGlashan T, Nazeer A, Khan S, ET AL. MRI and
PET study of deficits in hippocampal structure and function in women with childhood sexual abuse and
posttraumatic stress disorder. Am J Psychiatry 2003;160:924-932. https://doi.org/10.1176/appi.ajp.160.5.924

19. Grassi-Oliveira R, Milnitsky Stein L, Pestana Lopes R, Teixeira AL, Evandro Bauer M. Low plasma brain-

derived neurotrophic  factor and childhood physical neglect are associated with verbal
memory impairment in major depression--a preliminary report. Biol Psychiatry 2008;64:281-285.
https://doi.org/10.1016/j.biopsych.2008.02.023

20. Liu D, Diorio J, Day JC, Francis DD, Meaney MJ. Maternal care, hippocampal synaptogenesis and cognitive
development in rats. Nat Neurosci 2000;3:799-806. https://doi.org/10.1038/77702

21. Delavari F, Sheibani V, Esmaeili-Mahani S, Nakhaee N. Maternal Separation and the Risk of Drug Abuse in Later
Life. Addict Health 2016;8:107-114.




S570 Cechova et al. Vol. 72

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Vazquez V, Penit-Soria J, Durand C, Besson MJ, Giros B, Daugé V. Maternal deprivation increases vulnerability
to morphine dependence and disturbs the enkephalinergic system in adulthood. J Neurosci 2005;25:4453-4462.
https://doi.org/10.1523/INEUROSCI.4807-04.2005

Kumari M, Head J, Bartley M, Stansfeld S, Kivimaki M. Maternal separation in childhood and diurnal cortisol
patterns in mid-life: findings from the Whitehall II study. Psychol Med 2013;43:633-643.
https://doi.org/10.1017/S0033291712001353

Nishi M, Horii-Hayashi N, Sasagawa T, Matsunaga W. Effects of early life stress on brain activity: implications

from  maternal separation model in rodents. Gen Comp  Endocrinol  2013;181:306-309.
https://doi.org/10.1016/j.ygcen.2012.09.024

Rice D, Barone D Jr. Critical periods of vulnerability for the developing nervous system: evidence from humans
and animal models. Environ Health Perspect 2000;108(Suppl 3):511-533. https://doi.org/10.1289/ehp.00108s3511
Slamberova R, Nohejlova K. Maternal methamphetamine and impact on the developing brain. In: Diagnosis,
Management and Modeling of Neurodevelopmental Disorders. MARTIN CR, PREEDY VR, RAJENDRAM R
(eds), Academic Press, 2021, pp 185-195. https://doi.org/10.1016/B978-0-12-817988-8.00016-6

Andersen SL. Stimulants and the developing brain. Trends Pharmacol Sci 2005;26:237-243.
https://doi.org/10.1016/j.tips.2005.03.009

Gronska-Peski M, Goncalves JT, Hebert JM. Enriched Environment Promotes Adult Hippocampal Neurogenesis
through FGFRs. J Neurosci 2021;41:2899-2910. https://doi.org/10.1523/INEUROSCI.2286-20.2021

Han Y, Yuan M, Guo Y-S, Shen X-Y, Gao Z-K, Bi X. The role of enriched environment in neural development
and repair. Front Cell Neurosci 2022;16:890666. https://doi.org/10.3389/fncel.2022.890666

Torasdotter M, Metsis M, Henriksson BG, Winblad B, Mohammed AH. Environmental enrichment results in
higher levels of nerve growth factor mRNA in the rat visual cortex and hippocampus. Behav Brain Res
1998;93:83-90. https://doi.org/10.1016/S0166-4328(97)00142-3

Kotloski RJ, Sutula TP. Environmental enrichment: evidence for an unexpected therapeutic influence. Exp Neurol
2015;264:121-126. https://doi.org/10.1016/j.expneurol.2014.11.012

Sikora M, Nicolas C, Istin M, Jaafari N, Thiriet N, Solinas M. Generalization of effects of environmental

enrichment on seeking for different classes of drugs of abuse. Behav Brain Res 2018;341:109-113.
https://doi.org/10.1016/].bbr.2017.12.027
Murinova J, Hlavacova N, Chmelova M, Riecansky I. The Evidence for Altered BDNF Expression in the Brain of
Rats Reared or Housed in Social Isolation: A Systematic Review. Front Behav Neurosci 2017;11:101.
https://doi.org/10.3389/fnbeh.2017.00101
Sevéikova M, Petrikova I, Slamberova R. Methamphetamine exposure during the first, but not the second half of

prenatal development, affects social play behavior. Physiol Res 2020;69:319-330.
https://doi.org/10.33549/physiolres.934230

Maisonpierre PC, Belluscio L, Friedman B, Alderson RF, Wiegand SJ, Furth ME, Lindsay RM, Yancopoulos GD.
NT-3, BDNF, and NGF in the developing rat nervous system: parallel as well as reciprocal patterns of expression.
Neuron 1990;5:501-509. https://doi.org/10.1016/0896-6273(90)90089-X

Skelton MR, Williams MT, Schaefer TL, Vorhees CV. Neonatal (+)-methamphetamine increases brain derived
neurotrophic factor, but not nerve growth factor, during treatment and results in long-term spatial learning deficits.
Psychoneuroendocrinology 2007;32:734-745. https://doi.org/10.1016/j.psyneuen.2007.05.004

Grace CE, Schaefer TL, Herring NR, Skelton MR, McCrea AE, Vorhees CV, Williams MT.
(+)-Methamphetamine increases corticosterone in plasma and BDNF in brain more than forced swim or isolation
in neonatal rats. Synapse 2008;62:110-121. https://doi.org/10.1002/syn.20470

Cirulli F, Alleva E. The NGF saga: from animal models of psychosocial stress to stress-related psychopathology.
Front Neuroendocrinol 2009;30:379-395. https://doi.org/10.1016/j.yfrne.2009.05.002

Alleva E, Aloe L, Bigi S. An updated role for nerve growth factor in neurobehavioural regulation of adult
vertebrates. Rev Neurosci 1993;4:41-62. https://doi.org/10.1515/REVNEURO.1993.4.1.41

Alleva E, Petruzzi S, Cirulli F, Aloe L. NGF regulatory role in stress and coping of rodents and humans.
Pharmacol Biochem Behav 1996;54:65-72. https://doi.org/10.1016/0091-3057(95)02111-6




2023 Neurotrophins, Methamphetamine, Environment and Adolescence S571

41. Spillantini MG, Aloe L, Alleva E, De Simone R, Goedert M, Levi-Montalcini R. Nerve growth factor mRNA and
protein increase in hypothalamus in a mouse model of aggression. Proc Natl Acad Sci U S A 1989;86:8555-8559.
https://doi.org/10.1073/pnas.86.21.8555

42. Berardi N, Pizzorusso T, Maffei L. Critical periods during sensory development. Curr Opin Neurobiol
2000;10:138-145. https://doi.org/10.1016/S0959-4388(99)00047-1

43. Hua JY, Smith SJ. Neural activity and the dynamics of central nervous system development. Nat Neurosci
2004;7:327-332. https://doi.org/10.1038/nn1218

44. Alleva E, Santucci D. Psychosocial vs. "physical" stress situations in rodents and humans: role of neurotrophins.
Physiol Behav 2001;73:313-320. https://doi.org/10.1016/S0031-9384(01)00498-X

45. Cirulli F, Micera A, Alleva E, Aloe L. Early maternal separation increases NGF expression in the developing rat
hippocampus. Pharmacol Biochem Behav 1998;59:853-858. https://doi.org/10.1016/S0091-3057(97)00512-1

46. Hrebickova I, Sevéikova M, Mactichova E, Slamberova R. How methamphetamine exposure during different

neurodevelopmental stages affects social behavior of adult rats? Physiol Behav 2017;179:391-400.
https://doi.org/10.1016/j.physbeh.2017.07.009
47. Hrebitkova I, Sevéikova M, Nohejlova K, Slamberova R. Does effect from developmental methamphetamine

exposure on spatial learning and memory depend on stage of neuroontogeny? Physiol Res
2016;65(Suppl 5):S577-S589. https://doi.org/10.33549/physiolres.933534

48. Melega WP, Cho AK, Harvey D, Lacan G. Methamphetamine blood concentrations in human abusers: application
to pharmacokinetic modeling. Synapse 2007;61:216-220. https://doi.org/10.1002/syn.20365

49. Cho AK, Melega WP, Kuczenski R, Segal DS. Relevance of pharmacokinetic parameters in animal models of
methamphetamine abuse. Synapse 2001;39:161-166. https://doi.org/10.1002/1098-2396(200102)39:2<161::AID-
SYN7>3.0.CO:2-E

50. Sevéikova M, Hrebickova I, Macuchova E, Slamberova R. The influence of methamphetamine on maternal

behavior and development of the pups during the neonatal period. Int J Dev Neurosci 2017;59:37-46.
https://doi.org/10.1016/].ijdevneu.2017.03.005

51. Kazlauckas V, Pagnussat N, Mioranzza S, Kalinine E, Nunes F, Pettenuzzo L, Souza DO, ET AL. Enriched
environment effects on behavior, memory and BDNF in low and high exploratory mice. Physiol Behav
2011;102:475-480. https://doi.org/10.1016/j.physbeh.2010.12.025

52. Mosaferi B, Babri S, Mohaddes G, Khamnei S, Mesgari M. Post-weaning environmental

enrichment improves BDNF response of adult male rats. Int J Dev Neurosci 2015;46:108-114.
https://doi.org/10.1016/].ijdevneu.2015.07.008

53. Miranda M, Facundo Morici J, Belén Zanoni M, Bekinschtein P. Brain-Derived Neurotrophic Factor: A Key
Molecule for Memory in the Healthy and the Pathological Brain. Front Cell Neurosci 2019;13:363.
https://doi.org/10.3389/fncel.2019.00363

54. Sadegzadeh F, Sakhaie N, Isazadehfar K, Saadati H. Effects of exposure to enriched environment during

adolescence on passive avoidance memory, nociception, and prefrontal BDNF level in adult male and female rats.
Neurosci Lett 2020;732:135133. https://doi.org/10.1016/j.neulet.2020.135133

55. Lin L, Fu X-Y, Zhou X-F, Liu D, Bobrovskaya L, Zhou L. Analysis of blood mature BDNF
and proBDNF in mood disorders with specific ELISA assays. J Psychiatr Res 2021;133:166-173.
https://doi.org/10.1016/j.jpsychires.2020.12.021

56. Malerba F, Paoletti F, Cattaneo A. NGF and proNGF Reciprocal Interference in Immunoassays: Open Questions,
Criticalities, and Ways Forward. Front Mol Neurosci 2016;9:63. https://doi.org/10.3389/famo1.2016.00063





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues false

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /CZE <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



