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Abstract Methylphenidate (MPH) abuse damages brain
cells. The neuroprotective effects of topiramate (TPM)
have been reported previously, but its exact mechanism of
action still remains unclear. This study investigated the
in vivo role of various doses of TPM in the protection of rat
amygdala cells against methylphenidate-induced oxidative
stress and inflammation. Seventy adult male rats were
divided into seven groups. Groups 1 and 2 received normal
saline (0.7 ml/rat) and MPH (10 mg/kg), respectively, for
21 days. Groups 3, 4, 5, 6, and 7 were concurrently treated
with MPH (10 mg/kg) and TPM (10, 30, 50, 70, and
100 mg/kg), respectively, for 21 days. elevated plus maze
(EPM) was used to assess motor activity disturbances. In
addition, oxidative, antioxidantand inflammatory factors
and CREB, Akl, CAMK4, MAPK3, PKA, BDNF, and c
FOS gene levels were measured by RT-PCR, and also,
CREB and BDNF protein levels were measured by WB in
isolated amygdalae. MPH significantly disturbed motor
activity and TPM (70 and 100 mg/kg) neutralized its
effects. MPH significantly increased lipid peroxidation,
mitochondrial GSSG levels and IL-1 and TNF-a level and
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CAMK4 gene expression in isolated amygdala cells. In
contrast, superoxide dismutase, glutathione peroxidase, and
glutathione reductase activities and CREB, BDNF Akl,
MAPK3, PKA, BDNF, and ¢ FOS expression significantly
decreased. The various doses of TPM attenuated these
effects of MPH. It seems that TPM can be used as a neu-
roprotective agent and is a good candidate against MPH-
induced neurodegeneration.
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Introduction

Methylphenidate (MPH) is a neural stimulant approved for
the management of hyperactive children (Challman and
Lipsky 2000; Motaghinejad et al. 2015c; Gomes et al.
2010). MPH inhibits the dopamine and norepinephrine
reuptake into presynaptic terminals (Motaghinejad et al.
2015c, d). MPH is structurally and functionally similar to
methamphetamine and cocaine which creates high poten-
tial for abuse and dependency (Tagaya 2010; Huss and
Lehmkuhl 2001; Motaghinejad et al. 2015d; Schwartz et al.
2006). Some previous studies have indicated an increase in
MPH abuse frequency, particularly among college students
(Klein-Schwartz 2002; Babcock and Byrne 2000). The
neurochemical alterations caused by chronic MPH abuse in
amygdaloidal nucleuses remain unclear, and just some of
the effect of its abuse on the brain and behavior are clari-
fied (Williams et al. 2004; Barrett and Pihl 2002; Trinh
et al. 2013). Previous studies have confirmed that chronic
abuse of MPH by doses of 2, 3, and 10 mg/kg induces
apoptosis, oxidative damage and a rise in the expression of
inflammatory cytokines, such as TNF-o and IL-1f levels. It
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decreases antioxidant enzymes in the central nervous sys-
tem in human and animal models. These studies showed
that mentioned alteration biomarkers correlated with ani-
mal behavioral changes. (Patrick and Markowitz 1997;
Motaghinejad et al. 2015¢; Jones and Dafny 2014).

TPM has successfully been used in the management of
alcohol, methamphetamine, and cocaine addiction as an
anticonvulsant (Garnett 2000; Arnone 2005). The neuro-
protective effects of TPM have been reported in several
studies, but its exact mechanism of action (Kudin et al.
2004; Motaghinejad et al. 2015e; Motaghinejad and
Motevalian 2016; Mao et al. 2015) still remains unclear.
Previous studies have suggested that the protective effects
of TPM are mediated by a decrease in lipid peroxidation
and increase in glutathione in the cell system (Motagh-
inejad and Motevalian 2016; Motaghinejad et al. 2015f). In
addition, it has been shown that TPM has antioxidant and
anti-inflammatory properties which can act as an excellent
candidate for the management of oxidative stress and
inflammation (Kutluhan et al. 2009). They have also
demonstrated that TPM exhibits a synergistic effect on
superoxide dismutase and catalase activities in striatum and
mid-brain regions (Armagan et al. 2008; Kutluhan et al.
20009).

Recent findings also suggest that TPM can change
mitochondrial respiratory enzymes and activate biogenesis
of mitochondria. In addition, it has indicated that TPM has
potent anti-inflammatory properties. TPM can reduce TNF-
o and TGF-fB1, and it also attenuates the inflammation and
injury of brain cells (Koger et al. 2009). The main anti-
inflammatory properties of TPM were mediated by GABA
enhancement, inhibition of glutamate Ca®* channel influx,
and blocking of Na® channel (Armagan et al. 2008;
Demirci et al. 2013). A similar study suggests that topira-
mate has high anti-inflammatory properties and a reposi-
tioning potential for the treatment of autoimmune diseases.
The inhibition of inflammation and the decrease in
inflammatory markers are responsible for these properties
(Dudley et al. 2011; Pinheiro et al. 2015). Previous studies
have shown that TPM can be proposed as a putative agent
in the treatment of some neurodegenerative disorders (Shi
et al. 2010; Shaldubina et al. 2002).

Some previous studies showed that neuroprotection of
TPM was mediated by GABA activity enhancement on
inhibition of AMPA/Kinate in glutamatergic system
(Motaghinejad and Motevalian 2016; Yang and Shen
2009). On the other hand, previous studies have shown
that cyclic AMP response element binding protein
(CREB) acts as a major transcription factor in brain
development and neurogenesis (Blendy 2006; Lee et al.
2005). CREB is activated in a phosphorylated form and
some protein kinase, such as Akl, CAMK4, MAPKS3,
PKA enzymes phosphorylate this transcription factor and
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convert CREB to its active form (Carlezon et al. 2005;
Kitagawa 2007; Réus et al. 2011; Aguiar et al. 2011).
CREB acts on DNA and prompts the production of
BDNF and cFOS proteins, which are important in neu-
rogenesis and the development of neurons (Réus et al.
2011; Aguiar et al. 2011). Keeping in mind the role of
the amygdala in cognition, depression and anxiety-like
behaviors, we aim to study the effects of TPM against
MPH-induced oxidative stress and inflammation and
clarify the role of the phosphorylated CREB signaling
pathway in this type of neuroprotection in amygdala. We
also attempt to indicate the possible role of Akl,
CaMK4, MAPK3, PKA, as an upstream of CREB sig-
naling, gene expression in the phosphorylation and acti-
vation of CREB protein and c-FOS as well as BDNF as
a downstream product of CREB effect on genes.

Materials and methods
Animals

Seventy male adult rats (mean weight 220 £+ 10 g) and
8 weeks old obtained from the experimental research
center of Iran University of Medical Sciences (IUMS,
Tehran, Iran) and transferred to the laboratory. The animals
were held for 2 weeks before the initiation of the experi-
ment at room temperature with free access to standard
food, tap water and a standard dark/light cycle. Our
experimental protocol was approved by the research
council of Iran University of Medical Sciences.

Drugs

TPM and MPH were purchased from Sigma-Aldrich
(USA) and dissolved in normal saline for injection, freshly
prepared just before administration. The volume of injec-
tion was 0.7 ml/rat.

Experimental design

Seventy adult male rats were randomly divided to six
groups. Group 1 (as negative control) was treated with
normal saline (0.7 ml/rat, i.p) for 21 days. Group 2 (as
positive control) received MPH (10 mg/kg) for 21 days.
Groups 3, 4, 5, 6, and 7 were treated concurrently for
21 days by MPH (10 mg/kg, ip) and TPM with doses of 10,
30, 50, 70, and 100 mg/kg by i.p. injection, respectively,
administration of MPH in combination with TPM was done
separately, and there was 1 h between TPM and MPH
administration: first, TPM was injected, and then, MPH
was administrated.
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On day 22, after drug administration, elevated plus maze
(EPM), a standard behavioral method used for study of
anxiety and amygdaloidal nucleus degeneration, was used
to evaluate the level of anxiety in the experimental animals.
After behavioral assay in day 23, all animals were anes-
thetized by administration of 50 mg/kg of thiopental, and
their brain tissue was removed. Keeping in mind the
importance of the amygdala in anxiety-like behaviors, we
evaluated the effects of administration of TPM on MPH-
induced oxidative stress and inflammation in this region of
brain. Considering the importance of CREB and BDNF and
their upstream and downstream signaling pathways in
neuroprotection, we evaluated the effects of TPM on MPH-
induced disturbances in the CREB/BDNF signaling path-
way using real-time reverse transcriptase-PCR (RT-PCR)
and western Blotting. The isolation of amygdala was done
according to guide by previous similar study (McCool and
Botting 2000).

Elevated plus maze (EPM)

Another test applied to assess anxiety level in rodents is the
elevated plus maze (EPM). The equipment consists of two
opposite arms 55 x 15 cm, which are connected by a
central square (10 x 10 cm), the whole apparatus shaped
as a plus sign. One arm was kept open, while the other arm
was enclosed with 40-cm elevated wall. The entire appa-
ratus was elevated 50 cm above the ground. All animals
were located individually in the center of the maze in front
of an enclosed arm and the time which the animal spent in
the open arms was recorded during 5 min for each rat.
More time spent in open arms indicated non-depressive
behavior. All behavioral changes and scoring of parameters
were evaluated by a blind experimenter who did not know
anything about drug treatment of groups and the protocol
of experiment. In addition, each animal was examined
three times, and the mean of the scores was reported as
final data.

It should be mentioned that all the animals were tested
in the first day of experiment by EPM (base line level of
behavior), and also, this test was repeated in the last day
after drug administration (the effect of drug administration
on behavior), and this was done to be able to interpret the
obtained results.

Mitochondrial preparation
By administrating 50 mg/kg of thiopental, all animals were

anesthetized and euthanized, and amygdala was isolated
according to the previous procedure explained already

(McCool and Botting 2000). The amygdaloidal tissue was
homogenized in a cold homogenization buffer, containing
25 mM  4-morpholinepropanesulfonic acid, 400 mM
sucrose, 4 mM MgCl,, and 0.05 mM EGTA at pH 7.3. The
homogenized cells were centrifuged at 4500g for 10 min,
and after that, its supernatant was centrifuged at
12,000g for 10 min. The final sediment was resuspended in
homogenization buffer and stored on ice. Total mitochon-
drial proteins in tissues were determined using protein Dc
assay kit (Bio-Rad) briefly; Bradford reagent (1 part
Bradford: 4 parts dH,0O) was added to serial dilution series
(0.1-1.0 mg/ml) of a known protein sample concentration
such as BSA, dissolved in homogenization buffer. These
serial dilutions were prepared for providing a standard
curve. Then, in separate processes, 10, 15, 20, 25, and
30 pl of the mentioned protein extracts (homogenized cell
solutions) were added to multiple wells, and Bradford
reagent (100 pl) was added to each well. Color density of
all wells was read by plate reader at 630 nm, and finally,
using the mentioned standard curve, protein quantity of
unknown protein extracts was obtained. These homoge-
nized cell solutions were analyzed for the measurement of
oxidative stress and inflammatory markers (Motaghinejad
et al. 2015b, d).

Measurement of oxidative stress and inflammatory
biomarkers

Study of lipid peroxidation

Lipid peroxides are unstable indicators of oxidative stress
in cells that decompose to form more complex and reactive
compounds, such as malondialdehyde (MDA), a natural
byproduct of lipid peroxidation. To assess MDA, 100 ul of
homogenized sample solution or MDA standard was added
to separate micro centrifuge tubes, and then, 100 pl of SDS
lysis solution was added to both sample and standard tubes,
and mixed thoroughly. After 5 min incubation at room
temperature, 250 pl of TBA reagent was added to each of
the samples and standard tubes. The tubes were again
incubated, but this time, at 95 °C for 45—-60 min. Further-
more, the tubes were centrifuged at 10,000 rpm for 15 min
and 300 pl of supernatant from each tube was transferred
to new tubes. 300 pl of n-Butanol was added to each tube
and after vortexing (1-2 min), and the tubes were cen-
trifuged for 5 min at 10,000g. At the end, 200 pl of both
the MDA standards and the samples were transferred to a
96-well microplate (compatible with a spectrophotometric
plate reader), and absorbance was read at 532 nm. Results
were expressed as nmol/mg of protein (Motaghinejad et al.
2015a, b; Shamoto-Nagai et al. 2007).
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GSH and GSSG levels

Within the cells, glutathione exists in reduced (GSH) and
oxidized (GSSG) forms. In healthy cells and tissues, more
than 90 % of the total glutathione pool is in the reduced
form, while less than 10 % exists in the disulfide form
(GSSG). To measure GSH and GSSG levels, 25 ul of the
1X glutathione reductase solutions was added to each well
of a 96-well plate, followed by the addition of 25 pl of the
IX NADPH solution, and then, 100 pl of the prepared
standard solution of glutathione or homogenized sample
solution was added to each well and mixed thoroughly. In
addition, 50 pl of the 1X Chromogen was also added to
each well and mixed. Immediately after that, the absor-
bance was read at 405 nm for each GSSG/GSH standard
and sample. Finally, using a standard curve, the amount of
GSSG/GSH was determined and expressed as nmol/mg of
protein (Motaghinejad et al. 2015a, b; Shamoto-Nagai et al.
2007).

Study of manganese superoxide dismutase activity

Superoxide dismutase (SOD), which catalyzes the dismu-
tation of the superoxide anion (O, ) into hydrogen per-
oxide and molecular oxygen, is one of the most important
antioxidative enzymes that exist. To determine the SOD
activity, 20 pl of the unknown sample solution was added
to each well and 2nd blank wells, and 20 pl of ddH,O
(double distilled water) was added to the 1st and 3rd blank
wells, and then, 200 pl of WST working solution (1 ml of
water-soluble tetrazolium salt; WST dissolved in 19 ml of
buffer solution) was added to each well and mixed. 20 pl of
dilution buffer was added to the 2nd and 3rd blank wells.
Furthermore, 20 pl of enzyme working solution was added
to each sample as well as the 1st blank well. After mixing
thoroughly, the plates were incubated at 37 °C for 20 min,
and absorbance was read at 450 nm using a microplate
reader. As recommended by the manufacturer, SOD
activity was calculated using the following equation: SOD
activity = {[(A blank 1 — A blank 3) — (A sample — A
blank 2)]/(A blank 1 — A blank 3)} x 100.

Data were reported as U/ml/mg protein (Motaghinejad
et al. 2015a, b; Shamoto-Nagai et al. 2007).

Measurement of glutathione peroxidase (GPx)
activity

Glutathione peroxidase (GPx) is one of the most important
enzymes for the detoxification of peroxides in living cells.
GPx plays a crucial role in protecting cells from damage by
free radicals which are formed by peroxide decomposition.
To assess GPx activity, 20 pl of the sample (which was
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diluted beforehand with the assay buffer) or assay buffer
alone was added to the sample and its corresponding well.
Then, 200 pl of the reaction solution was added to each
well. After setting up the microtiter plate reader at 340 nm
over a period of 8 min at 25 °C, 20 pl of peroxide substrate
solution was added to each well and absorbance was
measured. For data evaluation, delta OD was used between
2 and 8 min. As recommended by the manufacturer,
change in absorbance [AAjz4y/min] was calculated by the
following equation: AAjso/min = Azgonm (Start) —
Ajs4onm (Stop)/Reaction time (min), any change in absor-
bance is directly proportional to GPx activity.

GPx activity: AAz40/min x Reaction volume
(ml) x Dilution factor of the original sample/Extinction
coefficient for NADPH at 340 nm x Volume of the tested
sample. Results were expressed as mU/mg protein (Mo-
taghinejad et al. 2015a, b; Shamoto-Nagai et al. 2007).

Measurement of glutathione reductase (GR)
activity

GR plays an important role in defending cells from injury
by free radicals produced by peroxide decomposition. To
assess GR activity, 25 pl of the sample (which was diluted
beforehand with the assay buffer) or assay buffer alone was
added to the sample and its corresponding well, and then,
250 pl of the special reaction solution was added to each
well according to manufacturer instructions. After that, the
microplates were read at 340 nm. The OD of sample wells
was inserted in the standard curve which was drawn pre-
viously by manufacture kits, and the activity of GR in
unknown sample solution was measured by insertion of OD
and calculation of enzyme activity. Results were expressed
as mU/mg protein (Motaghinejad et al. 2015a, b; Shamoto-
Nagai et al. 2007).

Measurement of inflammatory parameters
IL-1p and TNF-o measurement

Concentrations of interleukin 1 beta (IL-1B) and tumor
necrosis factor alpha (TNF-o) in the supernatant of
amygdaloidal cells were measured using a commercially
available special ELISA kit (Genzyme Diagnostics, Cam-
bridge, USA). Briefly, 96-well microtitre plates (Nunc)
were coated with sheep anti-rat IL-1f and TNF-a poly-
clonal antibodies (2 mg/ml in bicarbonate coating buffer;
0.1 M NaHCO3, 0.1 M NaCl, pH 8.2, for 20 h at 48 °C),
then washed three times with washing buffer (0.5 M NaCl,
2.5 mM NaH2PO4, 7.5 mM Na2HPO4, 0.1 % Tween 20,
pH 7.2). 100 ml of a 1 % (w/v), after that ovalbumin
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(Sigma Chemical Co., Poole, Dorset, UK) solution in
bicarbonate as coating buffer was added to each well and
incubated at 37 °C for 1 h. After three washes, 100 ml of
samples and standards were added and plates were incu-
bated at 48 °C for 20 h. After three washes, 100 ml of the
biotinylated sheep anti-rat IL-1f or TNF-o antibody
(1:1000 dilutions in washing buffer containing 1 % sheep
serum, Sigma Chemical Co., Poole, and Dorset, UK) was
added to each well. The further incubation was carried out
for 1 h at room temperature. After three washes, 100 ml
avidin-HRP (Dako Ltd, UK) (1:5000 dilution in wash
buffer) was added to each well, and plates were incubated
at room temperature for 15 min. After three washes,
100 ml of TMB substrate solution (Dako Ltd., UK) was
added to each well, and the plates were incubated for
10 min at room temperature. At the end of the incubation
period, 100 ml of 1 M H,SO,4 was added to each well to
stop the reaction and to facilitate the color development.
Absorbance was read at 450 nm on a microtitre plate
reader. The detection limit of the assay was determined to
be 4.3 pg/ml. Results were expressed as ng IL-1p/ml or
TNF-o/ml (Motaghinejad et al. 2015a, b; Shamoto-Nagai
et al. 2007).

Real-time reverse transcriptase-PCR (RT-PCR)
studies

Total RNA was extracted from ~200 pg of amygdala
using ONE STEP-RNA Reagent (Bio Basic, Canada inc.)
according to the manufacturer’s instructions, and the
quantity and quality of RNA were analyzed using a nan-
odrop (ND-1000, Thermo Scientific Fisher, US) and gel
electrophoresis. To eliminate any genomic contamination,
RNA was treated with DNase I (Qiagen, Hilden, Germany)
as described by the manufacturer. Complementary DNA
(cDNA) was synthesized using 1 pg of total RNA. The
integrity and quality of cDNA were examined with
GAPDH primers as housekeeping. Real-time reverse tran-
scriptase-PCR (RT-PCR) was carried out to evaluate the
differences in expression patterns of cCAMP response ele-
ment-binding protein (CREB), adenylate kinase 1 (Ak[),
calcium/calmodulin-dependent protein kinase IV(CAMK4),
mitogen-activated protein kinase 3 (MAPK3), protein
kinase A (PKA), brain derived neurotrophic factor (BDNF),
and ¢ FOS genes among samples of each group. The
specific primers corresponding to the coding sequence,
including BDNF Forward: 5-GGAGGCTAAGTG-
GAGCTGAC-3'; BDNF Reverse: 5-GCTTCCGAGCCT
TCCTTTAG-3'; Aktl Forward: 5'-AAGGAGATCATG
CAGCACCG-3’; Akt Reverse: 5-GGTGGGCTCACCTT
CTTCTC-3, CAMK4 Forward: 5-AGCAGCAGTCA-
CACCAACAT-3; Reverse: 5'-TCTGTCTTGTCCTTG
CCGTC-3’, MAPK3 Forward: 5-TATCAACACCACCT

GCGACC-3’; Reverse: 5-ATGATCTCTGGGGCTCGG
TA-3'; cFOS Forward: 5'-GGGAGCTGACAGATACGC
TC-3/; Reverse: 5'-TTGGCAATCTCGGTCTGCAA-3'.
CREB1 Forward: 5'-CAGACAACCAGCAGAGTGGA-3'.
Reverse: 5'-CTGGACTGTCTGCCCATTG-3'. GAPDH
Forward: 5'-AGACAGCCGCATCTTCTTGT, Reverse: 5'-
CCGTTCACACCGACCTTCA-3'. PKA Forward: 5'-
GCAGGAGAGCGTGAAAGAGT-3/, Reverse: 5'-CTGA-
GAAGGGGTCTCCCATTT-3, were designed by Primer 3
software version 0.4 (frodo.wi.mit.edu). Real-time RT-
PCR was performed in 20 pl reactions containing 1 pl
cDNA target, 100 nM forward and reverse primers and
1x SYBR® Premix Ex Taq™ II (Takara, Tokyo, Japan).
Experiments were carried out in triplicate using a
CFX96™ Real-Time System (C1000TM Thermal Cycler)
(Bio-Rad, Hercules, CA, USA). Amplification conditions
were as follow: initial denaturation at 95 °C for 10 min,
followed by 40 cycles (denaturation at 95 °C for 15 s and
annealing and extension at 60 °C for 60 s). The relative
value of the mRNA expression level of CREB, Akl,
CAMK4, MAPK3, PKA, BDNF, and ¢ FOS gene was cal-
culated by comparing the cycle thresholds (CTs) of the
target gene with that of housekeeping gene (GAPDH) using
the 2724 method and REST 2009 software. Serial dilu-
tions of cDNAs were used to calculate the efficiencies of
the primer sets on real-time PCR. In this regard, it was
found that the efficiencies of the various primer sets were
similar (Motaghinejad et al. 2015f; Peng et al. 2012).

Western blot

We studied the immunoreactivity, total and phosphory-
lated CREB, and BDNF contents of the isolated amyg-
dala by Western blotting. Electrotransfer of the resolved
bands from gel to polyvinylidene difluoride (PVDF)
membrane (Millipore, Bedford, USA) was fulfilled in
90 min at 0.7 mA/cm? using a semi-dry transfer appara-
tus (PeQlab). After transferring step, the membrane was
weakly stained for about 3 min with Coomassie blue
G-250 (Sigma Aldrich, UK) 1 pg/100 ml distil water
without methanol. Then, the membrane was dried and cut
into 2-mm wide stripes. After destaining with methanol,
the strips washed and blocked with 2 % BSA overnight
at 4 °C and then added with 1:100 diluted human or
ovine sera at room temperature (RT) for 2 h on a shaker.
The membranes then were washed with PBS-T (three
washing steps in a total of 10 min) and incubated with
following conjugated polyclonal anti-rabbit antibody:
BDNF, CREB, total, and phosphorylated (1:500 dilutions
in BSA, 360 min, RT; Sigma Aldrich, Germany), then all
strips were exposed by secondary HRP conjugated
polyclonal Rabbit anti-Sheep antibody (1:5000 dilution in
BSA, 120 min, RT; Sina Biotech, Iran). The strips were
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washed and incubated with chemiluminescent substrate
(Luminol and H,0O,) for 2 min in RT. Finally, the reac-
tive bands were detected on X-ray film within 10-20 s
under safelight condition (Motaghinejad et al. 2015f;
Woo et al. 2005).

Statistical analysis

All of the data obtained were statistically analyzed using
version 6 of Graph Pad PRISM Software. The data were
averaged in every experimental group and expressed as
mean =+ standard error of the means (SEM). Then, the
differences between control and treatment groups were
calculated by one way ANOVA. Differences between
severities of behaviors in groups were evaluated by
Tukey’s post hoc test. p < 0.05 was taken as statistically
significant.

Results

The assessment of behavior in elevated plus maze
(EPM)

The MPH treated animals spent less time in open arms and
had fewer numbers of open arm entries in comparison to
the animals in control group (p < 0.05). The treatment of
animals with various doses of TPM increased time spent in
open arms, as well as numbers of entry to open arms. This
increase was statistically significant in groups treated with
70 and 100 mg/kg of TPM in comparison to MPH (10 mg/
kg) only treated group (p < 0.05) (Table 1). Baseline
measurements for all the animals did not show any sig-
nificant difference between groups.

The effect of various doses of TPM on MPH-induced
lipid peroxidation in mitochondria

MPH increased lipid peroxidation and MDA levels in isolated
mitochondria from animals treated with MPH. Comparing
MPH with negative control group regarding lipid peroxida-
tion, it was showed that MPH-treated group has significantly
increased in MDA level (p < 0.001). The various doses of
TPM attenuated the decrease in MDA concentration in groups
treated with 70 and 100 mg/kg of TPM, and the decrease was
statistically significant in comparison to the group receiving
MPH (10 mg/kg) only (p < 0.001) (Fig. 1).

The effect of various doses of TPM on MPH-induced
GSH/GSSG alterations in mitochondria

Treating animals with only MPH decreased the GSH con-
tent in isolated mitochondria in comparison to the negative
control group (p < 0.001). The animals treated with 70 and
100 mg/kg of TPM showed noticeably higher amounts of
GSH in comparison to the group receiving only MPH
(10 mg/kg) (Table 2). In addition, GSSG levels in groups
treated with MPH were notably higher than those of the
negative control group (p < 0.001). TPM at doses of 70 and
100 mg/kg prevented an increase in GSSG levels induced
by MPH, and this was significant comparing to the group
treated with MPH (10 mg/kg) only (p < 0.001) (Table 2).

The effect of various doses of TPM on MPH-induced
attenuation in superoxide dismutase (SOD) activity
in mitochondria

Comparing MPH with negative control group regarding
superoxide dismutase (SOD) activity, it was showed that

Table 1 Effect of various doses of MPH in anxiety like behavior in elevated plus maze (EPM) test

Group Time spent in open arms  Time spent in closed arms Open arm entries Closed arm entries

(seconds) (seconds) (number) (number)

BDA ADA BDA ADA BDA ADA BDA ADA
Control 153+ 6 160 £ 11 147 £1 140 £ 9 I5+£6 16+3 4+£2 1342
MPH (10 mg/kg) 155 £ 8 125 + 14* 145 £5 175 £+ 12* 16+4 1345 15+4 15+£2°%
MPH (10 mg/kg) +TPM (10 mg/kg) 159 £+ 13 135 £ 15 137 £ 8 165 + 15 1I5+£2 14+£3 16+4 1444
MPH (10 mg/kg) +TPM (30 mg/kg) 163 £+ 10 140 £ 18 139 £ 10 160 £ 10 4+£2 14+2 16+£2 1741
MPH (10 mg/kg) +TPM (50 mg/kg) 160 £ 8 142 + 15 145 + 8 158 + 10 1I5+£4 15+£3 14+1 16 £2
MPH (10 mg/kg) +TPM (70 mg/kg) 151 £ 7 159 £ 12° 140 + 7 141 +£10° 17+3 18+2° 15+1 17+2°
MPH (10 mg/kg) +TPM (100 mg/kg) 160 &+ 12 168 + 12° 143 + 8 132+£11° 17+6 19+2° 14+3 14+2°

All data are given as Mean & SEM, N = 8 in each group

MPH methylphenidate, TPM topiramate, BDA before drug administration (base line level of behavior), ADA after drug administration (effect of

drug treatment on behavior)

% Shows significant difference from control group (p < 0.05)

° Shows significant difference from MPH only treated group (p < 0.05)
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Fig. 1 The effects of various doses of TPM (10, 30, 50, 70, and
100 mg/kg) on MPH-induced lipid peroxidation in rat isolated
amygdala mitochondria. All data were expressed as Mean + SEM
(n = 8). *** Shows significant difference from MPH only treated
group (p < 0.001). ** Shows significant difference from negative
control group (p < 0.001). MPH methylphenidate, TPM topiramate

MPH-treated group (10 mg/kg) has significant inhibition of
SOD activity (p < 0.001). Administration of 70 and
100 mg/kg of TPM significantly increased the activity of
manganese superoxide dismutase in comparison to the
administration of MPH only (10 mg/kg) (p < 0.001)
(Fig. 2).

The effect of various doses of TPM on MPH-
induced changes in glutathione peroxidase (GPx)
activity in mitochondria

MPH alone caused attenuation of glutathione peroxidase
(GPx) activity. This decrease was statistically significant in
comparison to the negative control group (p < 0.001). In
addition, the injection of TPM at doses of 70 and 100 mg/
kg in MPH-treated animals increased the glutathione per-
oxidase activity (GPx), and these increases were statisti-
cally significant in comparison to the MPH (10 mg/kg)
only group (p < 0.001) (Fig. 3).

Groups

Fig. 2 The effect of TPM (10, 30, 50, 70, and 100 mg/kg) on MPH-
induced attenuation in manganese superoxide dismutase activity in rat
isolated amygdala mitochondria. All data were expressed as
Mean + SEM (n = 8). *** Shows significant difference from MPH
only treated group (p < 0.001). ### Shows significant difference from
negative control group (p < 0.001). MPH methylphenidate, TPM
topiramate

The effect of various doses of TPM on MPH-induced
changes in glutathione reductase (GR) activity
in mitochondria

MPH (10 mg/kg) caused attenuation of glutathione reduc-
tase (GR) activity. This decrease was statistically signifi-
cant in comparison to the negative control group
(p < 0.001). In addition, the injection of TPM at doses of
70 and 100 mg/kg in MPH-treated animals increased glu-
tathione reductase (GR) activity, which was statistically
significant in comparison to the MPH (10 mg/kg) treated
only group (p < 0.001) (Fig. 4).

The effect of various doses of TPM on MPH-induced
IL-1p and TNF-a level

MPH-induced increases in IL-1B and TNF-a level. These
were significantly greater comparing to the negative

Table 2 Effect of various doses

of TPM on MPH-induced GSH/ Group GSH (nmol/mg protein) GSSG (nmol/mg protein) GSH/GSSG
GSSG alterations in Control 592 + 3.1 0.68 + 0.1 86
mitochondria

MPH (10 mg/kg) 41.6 £ 3.1° 23+ 1.4° 17.82°

MPH + TPM (10 mg/kg) 434+ 14 1.9 + 0.06 22.8

MPH + TPM (30 mg/kg) 46.4 + 3 1.85 & 0.13 25

MPH + TPM (50 mg/kg) 475+ 39 1.89 £ 0.16 26.3

MPH + TPM (70 mg/kg) 525 +1.8° 1.67 + 0.23° 31.4°

MPH + TPM (100 mg/kg) 52 +2.5° 1.46 & 0.09° 35.6°

All data are given as Mean + SEM, N = 8

% Shows significant difference from negative control group (p < 0.001)

° Shows significant difference from the group treated with methylphenidate only (p < 0.001)
MPH methylphenidate, TPM topiramate
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Fig. 3 The effect of TPM (10, 30, 50, 70, and 100 mg/kg) on MPH -
induced attenuation in glutathione peroxidase (GPx) activity in rat
isolated amygdala mitochondria. All data were expressed as
Mean + SEM (n = 8). *** Shows significant difference from MPH
only treated group (p < 0.001). *# Shows significant difference from
negative control group (p < 0.001). MPH methylphenidate, TPM
topiramate
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Fig. 4 The effect of TPM (10, 30, 50, 70, and 100 mg/kg) on MPH-
induced attenuation in glutathione reductase (GR) activity in rat
isolated amygdala mitochondria. All data were expressed as
Mean £+ SEM (n = 8). *** Shows significant difference from MPH
only treated group (p < 0.001). *# Shows significant difference from
negative control group (p < 0.001). MPH methylphenidate, TPM
topiramate

control group (p < 0.001). TPM (70 and 100 mg/kg)
decreased the MPH-induced inflammation, and this was
statistically significant in comparison to the MPH (10 mg/
kg) only group (p < 0.001) (Figs. 5, 6).

The effect of various doses of TPM on MPH-induced
changes in Akl, CAMK4, MAPK3, PKA, and ¢ FOS
by RT-PCR

MPH-induced decreases in expression of Akl, MAPKS3,

PKA, and ¢ FOS genes and increases in CAMK4 in the
amygdala in comparison to the negative control group
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Fig. 5 The effect of TPM (10, 30, 50, 70, and 100 mg/kg) on MPH-
induced TNF-a alteration in rat isolated amygdala mitochondria. All
data were expressed as Mean = SEM (n = 8). *** Shows significant
difference from MPH only treated group (p < 0.001). ** Shows
significant difference from negative control group (p < 0.001). MPH
methylphenidate, TPM topiramate
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Fig. 6 The effect of TPM (10, 30, 50, 70, and 100 mg/kg) on MPH-
induced IL-f alteration in rat isolated amygdala mitochondria. All
data were expressed as Mean + SEM (n = 8). *** Shows significant
difference from MPH only treated group (p < 0.001). ** Shows
significant difference from negative control group (p < 0.001). MPH
methylphenidate, TPM topiramate

(p < 0.001). Correspondingly, TPM (100 mg/kg) increased
Akl, MAPK3, PKA and ¢ FOS genes and decreased
CAMK4 gene in comparison to the MPH (10 mg/kg) only
(p < 0.001) (Figs. 7, 8, 9, 10, 11).

The effect of various doses of TPM on MPH-induced
decreases in CREB by RT-PCR

MPH-induced decreases in expression of CREB genes in
the amygdala in comparison to the negative control group
(p < 0.001). Correspondingly, TPM (100 mg/kg) increased
these genes in comparison to the MPH (10 mg/kg) only
treated group (p < 0.001) (Fig. 12).
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Fig. 7 The alterations of expression (RT-PCR) of Aktl in amygdala
in control and groups under treatment with 10 mg/kg of MPH in the
absence and presence of TPM (10, 30, 50, 70, and 100 mg/kg). All
data were expressed as Mean £ SEM (n = 8). *** Shows significant
difference from MPH only treated group (p < 0.001). ### Shows
significant difference from negative control group (p < 0.001). MPH
methylphenidate, TPM topiramate
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Fig. 8 The alterations of expression (RT-PCR) of MAPK3 in
amygdala in control and groups under treatment with 10 mg/kg of
MPH in the absence and presence of TPM (10, 30, 50, 70, and
100 mg/kg). All data were expressed as Mean = SEM (n = 8).
*#% Shows significant difference from MPH only treated group
(p < 0.001). " Shows significant difference from negative control
group (p < 0.001). MPH methylphenidate, TPM topiramate

The effect of various doses of TPM on MPH-induced
decrease in BDNF by RT-PCR

MPH-induced decreases in expression of BDNF genes in
the amygdala in comparison to the negative control group
(p < 0.001). Correspondingly, TPM (100 mg/kg) increased
these genes in comparison to the MPH (10 mg/kg) only
treated group (p < 0.001) (Fig. 13).
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Fig. 9 The alterations of expression (RT-PCR) of PKA in amygdala
in control and groups under treatment with 10 mg/kg of MPH in the
absence and presence of TPM (10, 30, 50, 70, and 100 mg/kg). All
data were expressed as Mean £+ SEM (n = 8). *** Shows significant
difference from MPH only treated group (p < 0.001). ** Shows
significant difference from negative control group (p < 0.001). MPH
methylphenidate, TPM topiramate
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Fig. 10 The alterations of expression (RT-PCR) of cFOS in amyg-
dala in control and groups under treatment with 10 mg/kg of MPH in
absence and presence of TPM (10, 30, 50, 70, and 100 mg/kg). All
data were expressed as Mean £ SEM (n = 8). *** Shows significant
difference from MPH only treated group (p < 0.001). ### Shows
significant difference from negative control group (p < 0.001). MPH
methylphenidate, TPM topiramate

The effect of various doses of TPM on MPH-induced
decrease in total and phosphorylated-CREB
by Western blot

The MPH-induced decreases in total and phosphorylated-
CREB protein expression in the amygdala comparing to the
negative control group (p < 0.001). There was a higher total
and phosphorylated-CREB protein expression in amygdala of
TPM (100 mg/kg) treated group in comparison to the MPH
(10 mg/kg) only treated group (p < 0.001) (Figs. 14, 15).
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Fig. 11 The alterations of expression (RT-PCR) of CAMK4 in
amygdale in control and groups under treatment with 10 mg/kg of
MPH in absence and presence of TPM (10, 30, 50, 70, and 100 mg/
kg). All data were expressed as Mean = SEM (n = 8). *** Shows
significant difference from MPH only treated group (p < 0.001).
### Shows significant difference from negative control group
(p < 0.001). MPH methylphenidate, TPM topiramate
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Fig. 12 The alterations of expression (RT-PCR) of CREB in
amygdala in control and groups under treatment with 10 mg/kg of
MPH in the absence and presence of TPM (10, 30, 50, 70, and
100 mg/kg). All data were expressed as Mean £ SEM (n = 8).
**% Shows significant difference from MPH only treated group
(p < 0.001). ™ Shows significant difference from negative control
group (p < 0.001). MPH methylphenidate, TPM topiramate

The effect of various doses of TPM on MPH-induced
decrease in BDNF by Western blot

The MPH-induced decreases in BDNF protein expression
in the amygdala comparing to the negative control group
(p < 0.001). There was a higher BDNF protein expression
in amygdala of TPM (100 mg/kg) treated group in com-
parison to the MPH (10 mg/kg) only treated group
(p < 0.001) (Fig. 16).
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Fig. 13 The alterations of expression (RT-PCR) of BDNF in
amygdala in control and groups under treatment with 10 mg/kg of
MPH in absence and presence of TPM (10, 30, 50, 70, and 100 mg/
kg). All data were expressed as Mean = SEM (n = 8). *** Shows
significant difference from MPH only treated group (p < 0.001).
### Shows significant difference from negative control group
(p < 0.001). MPH methylphenidate, TPM topiramate
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Fig. 14 The alterations of expression (WB) of total form of CREB in
amygdala in control and groups under treatment with 10 mg/kg of
MPH in the absence and presence of TPM (10, 30, 50, 70, and
100 mg/kg). All data are expressed as Mean + SEM (n = 8).
**% Shows significant difference from MPH only treated group
(p < 0.001). ## Shows significant difference from negative control
group (p < 0.001). MPH methylphenidate, TPM topiramate, WB
western blotting

Discussion

This study showed that treatments by various doses of TPM
(10, 30, 50, 70, and 100 mg/kg) can reduce chronic MPH-
induced oxidative stress and inflammation in the isolated
amygdala of adult rats. Our study demonstrated that
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Fig. 15 The alterations of expression (WB) of phosphorylated form
of CREB (P-CREB) in amygdala in control and groups under
treatment with 10 mg/kg of MPH in the absence and presence of TPM
(10, 30, 50, 70, and 100 mg/kg). All data are expressed as
Mean + SEM (n = 8). *** Shows significant difference from MPH
only treated group (p < 0.001). ### Shows significant difference from
negative control group (p < 0.001). MPH methylphenidate, TPM
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Fig. 16 The alterations of expression (WB) of BDNF in amygdala in
control and groups under treatment with 10 mg/kg of MPH in the
absence and presence of TPM (10, 30, 50, 70, and 100 mg/kg). All
data are expressed as Mean + SEM (n = 8). *** Shows significant
difference from MPH only treated group (p < 0.001). ** Shows
significant difference from negative control group (p < 0.001). MPH
methylphenidate, TPM topiramate, WB western blotting

chronic MPH (10 mg/kg) abuse could induce anxiety like
behavior in EPM and can alter biomarkers of oxidative
stress in isolated amygdala. MPH can induce MDA, as
marker of lipid peroxidation, increase GSSG content and
TNF-a and IL-1B levels and could reduce GSH content,
GPx, GR and SOD activities in the isolated amygdala of
rats, While TPM in all mentioned doses in MPH-treated

rats decreased anxiety like behavior in EPM and decreased
MDA level, GSSG content, TNF-o and IL-1p levels, and
also increased GSH levels, GPx, GR and SOD activities in
the isolated amygdala of rats. MPH in 10 mg/kg can inhibit
CREB and BDNF protein expression and alter their up and
down stream signaling pathways, while TPM in all men-
tioned doses inhibit this effect of MPH and activate CREB
and BDNF gene and protein expression and inhibit the
effects of MPH on up and down stream signaling pathways
of CREB. MPH is an amphetamine-like neural stimulant
which inhibits the reuptake of dopamine and nore-
pinephrine into presynaptic terminals, and it is structurally
similar to amphetamines and cocaine, having high potential
for abuse and addiction (Klein-Schwartz 2002; Huss and
Lehmkuhl 2001). The results of our study showed that rats
treated with MPH (10 mg/kg) spent less time in open arms
and had fewer numbers of open arm entries in EPM in
comparison to the control group; in addition, the treatment
of animals with TPM especially by doses of 70 and
100 mg/kg increased time spent and numbers of entries to
open arms in MPH (10 mg/kg) treated group. The baseline
measurements of all the animals were not significantly
different between groups and we can assume that there was
no difference in behavioral parameters between animals
before treatments. Administration of MPH or MPH in
combination with TPM caused the behavioral changes in
EPM, and we can conclude that these behavioral changes
were due to drug treatments. Previous studies have
demonstrated that amphetamine and MPH cause anxiety
and motor activity disorder in juvenile rats (Vendruscolo
et al. 2008; Davids et al. 2002). These studies showed that
non-pharmacologic doses of MPH induce neurobehavioral
alterations and anxiety-like behavior in the rat brain
(Vendruscolo et al. 2008). Previous studies showed that
TPM have anxiolytic and antidepressant effects and can
diminish anxiety and depressive behavior in rodents (Khan
and Liberzon 2004; Molina-Hernandez et al. 2010; Mula
et al. 2007; Cagetti et al. 2004). Some of these results
showed that TPM can modulate both anxiety and depres-
sion of alcohol and amphetamine withdrawal syndrome
(Cagetti et al. 2004). The results of our study showed that
MPH (10 mg/kg) increased MDA in isolated amygdala.
This was consistent with previous reports showing that
MPH causes lipid peroxidation and protein damage in
young rat brain (Martins et al. 2006). In addition, our
results suggested that TPM in used doses could inhibit this
effect of MPH and decrease the MDA level. Previous
studies confirmed these results and showed that TPM can
decrease lipid peroxidation in animal treated by
pentylenetetetrazol (PTZ) or in cell treated by high glucose
(Gibbs et al. 2006; Price et al. 2011).

In this study, chronic administration of 10 mg/kg of
MPH decreased GSH and increased GSSG levels in the
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isolated amygdala. We could confirm our results referring
to previous studies which show MPH and other compounds
similar to amphetamines, induce neurotoxicity by con-
verting glutathione from its reduced protective form (GSH)
to its oxidized damaging form (GSSG), and by this effect,
reduced the scavenging capacity of glutathione (Frey et al.
2006a, b; Motaghinejad et al. 2015b). However, our data
showed that different doses of TPM could increase GSH
content and decrease GSSG levels in MPH treated animals.
In fact, TMP neutralizes the negative effects of MPH on
the glutathione cycle. This results confirmed by previous
findings which showed TPM positive effect on glutathione
circle and inhibition of free radicals (Agarwal et al. 2011;
Demirci et al. 2013).

In our study, the treatment of animals with MPH
(10 mg/kg) decreased GPx, GR, and SOD activities in
isolated amygdale. Recent studies have shown that MPH
decreases antioxidant enzyme activity in some brain
regions (Lau et al. 2000). Some previous studies have
suggested that methylphenidate could decrease the pro-
duction of antioxidant enzymes and cause DNA damage
(Yano and Steiner 2007; Andreazza et al. 2007). In addi-
tion, previous studies have shown that chronic adminis-
tration of MPH in adult and juvenile rats causes
mitochondrial dysfunction, respiratory enzyme changes
and decrease in antioxidant capacity in brain cells. They
have also suggested that MPH can induce oxidative stress
and start the beginning of programmed cell death processes
in rat brain (Lau et al. 2000; Martins et al. 2006; Fagundes
et al. 2007). Results of our study indicated that TPM in the
mentioned doses could prevent the MPH-induced decrease
in antioxidant enzymes and increase in GPx, GR, and SOD
activities. Previous studies showed that TPM significantly
increases SOD, CAT, and GPx activities. It also signifi-
cantly decreases lipid peroxidation in experimental epi-
lepsy models and are capable of modulating the oxidant-
antioxidant system (Demirci et al. 2013; Yiirekli and
Naziroglu 2013). According to previous studies, GR is the
main enzyme responsible for the conversion of glutathione
from oxidized (GSH) to reduced form (GSSG), and TPM
increases the conversion of GSSG to GSH by activating
GR. Thus, in our studies, TPM protects the amygdale
against MPH-induced oxidative stress by increase in GSH
level (Naziroglu et al. 2009). In other words, topiramate
can decrease oxidized form (harmful form) of glutathione
and convert it to the reduced form (protective form) by
activating GR and GPx (Cardenas-Rodriguez et al. 2013).
Another study has shown that TPM has direct antioxidant
activity, by increase of SOD, against H,O,, and some parts
of TPM antioxidant activity are mediated by scavenging
free radicals (Cardenas-Rodriguez et al. 2013; Armagan
et al. 2008). The participation of oxidative stress in subjects
with neuro-stimulant abuse has been established (Lau et al.
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2000). Our study showed that MPH, as a neurostimulant
with high abuse potential, could increase this type of
oxidative damage and that TPM, as an antiepileptic drug
with neuroprotective effects, can modulate these types of
side effects of MPH.

Our study also showed that MPH at the dose of 10 mg/kg
increased the inflammatory markers in the amygdala. Pre-
vious studies confirmed our findings and have shown that
MPH induces the dopamine neuron loss and activation of
microglia and cause increase of proinflammatory markers,
such as TNF-o and IL-1pB, and these results showed that
activation of neuroinflammation is responsible for the
neurodegenerative effects of long-term MPH administration
(Kuczenski and Segal 2001; Yamamoto and Raudensky
2008; Sadasivan et al. 2012). Our study indicated that TPM
at different doses significantly decreased the inflammatory
markers in MPH treated rats. Some studies have shown that
TPM has protective effects against inflammation by
enhancement of GABA; these studies have suggested that
TPM can attenuate TNF-o. and TGF-B1 and also decrease
inflammation and injury of the kidney and liver (Koger et al.
2009; Armagan et al. 2008). Our study has also shown that
MPH can inhibit gene and protein expression of CREB
(total and phosphorylated) and its product, BDNF, in the
amygdala, while TPM at doses of 70 and 100 mg/kg can
activate phosphorylated form of CREB and BDNF
expression in the amygdala. On the other hand, TPM at
doses of 70 and 100 mg/kg increases CREB and BDNF
expression at gene and protein levels and can probably
cause neuroprotection by activating neurotrophic factors.

The protective role of CREB, as a transcription factor,
has been established by many previous studies, and this
transcription factor can affect DNA and cause production
of BDNF and c-Fos and, by this mechanism, can initiate its
protective role. CREB/BDNF protect brain cells against
neurodegeneration (Dworkin and Mantamadiotis 2010;
Almeida et al. 2005). It has been shown by many previous
works that amphetamine abuse decreases CREB and BDNF
expression and through this mechanism, disrupts cell sur-
vival and triggers neurodegeneration (Guo et al. 2011).
Furthermore, the neuroprotective effect of TPM has been
established in many previous studies, and based on our
results, we believe that TPM can mediate its protective
properties by activating the CERB/BDNF pathway (Pandey
et al. 2005; Pinheiro et al. 2015).

Our data indicate that MPH can decrease Akl, MAPK3,
PKA, and cFOS levels while increasing CAMK4 at the
gene level. On the other hand, our data showed that TPM
(70 and 100 mg/kg) can increase Akl, MAPK3, PKA, and
cFOS levels while decreasing CAMK4 at the gene level.
Based on these data, we can conclude that inhibition of
CREB phosphorylation, by MPH administration, could be
done by either of Akl, MAPK3, and PKA. TPM can
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remove/prevent this inhibition. Many previous studies
showed that influx of exorbitance Ca®" in neural cells can
be responsible for some neurodegenerative effects of
methamphetamine type stimulants and in other neurode-
generative disorders (Arundine and Tymianski 2003;
Mattson 2007). On the other hand, Ca’*-mediated events
occur when the released Ca>" binds to and activates the
regulatory protein calmodulin and cause CAMK4 forma-
tion, our data showed that MPH can cause increase in
expression of CAMK4, and it can be suggested that Ca®"
influx may be involved in increase of oxidative stress and
inflammation. In addition, TPM (50 and 100 mg/kg) could
decrease CAMK4 expression and possibly inhibit the
degeneration caused by exorbitance Ca®" influx. However,
we have tried to show the involvement of the kinase
enzymes (Akl or MAPK3, and PKA) in CREB phospho-
rylation to evaluate the role of CREB and its product,
BDNF, in TPM neuroprotection against MPH-induced
neurodegeneration. TPM, 50 and 100 mg/kg, in the
absence of MPH, can also increase Akl, MAPK3, and
PKA, while decreasing CAMK4 at the gene level, and this
mechanism increases phosphorylated CERB/BDNF
expression at gene and protein levels and activate CERB/
BDNF signaling. Based on our data, we can suggest that
CERB/BDNF can be one of the important signaling path-
ways involved in TPM neuroprotection.

Conclusion

The results of this study supported the hypothesis that TPM
might be beneficial against MPH-induced oxidative stress
and inflammation in rat amygdala and could be applied for
the treatment of patients abusing MPH and suffering from
its neurodegenerative effects. We suggested that topiramate
was useful in the management of problems associated with
the use of MPH which was mediated by phosphorylated
form of CREB and BDNF protein expression, and it is up
and down stream pathways, but further studies were
required with human subjects.
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