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Abstract

Background: Hydrogen Peroxide (H2O2) and Tumor Necrosis Factor alpha (TNF-α) increase Brain-Derived Neurotrophic Factor
(BDNF) and Glial Cell Line-Derived Neurotrophic Factor (GDNF) expression. Athletics use anti-oxidant and anti-inflammatory sup-
plementations to reduce H2O2 and TNF-α level. There is insufficient information about vitamin E supplementation on neurotrophic
adaptations induced by intensive exercise training.
Objectives: The aim of the present study was to investigate the effects of intensive exercise training in combination with vitamin E
supplementation on BDNF and GDNF content of rat brain.
Methods: In an experimental study in Iran, 40 male Wistar rats were randomly assigned to Control (C), Sham (S), Vitamin E (V.TE),
Exercise training (ET), Exercise training + Vitamin E (ET+V.TE) groups, with 8 rats in each group. Exercise training on treadmill (27
m/minute) was carried out in combination with vitamin E supplementation (60 mg/kg/day) for six weeks. Statistical significance
was determined at P < 0.05 using one-way analysis of variance (SPSS software, version 16.0).
Results: Vitamin E supplementation increased brain vitamin E levels in V.TE and ET+V.TE groups (P = 0.001). Significant increments
in the levels of H2O2 (P = 0.007), TNF-α, (P = 0.001), BDNF (P = 0.001), and GDNF (P = 0.001) in the ET group were shown; however,
vitamin E supplementation could not change exercise-induced increases on the above-mentioned factors in the ET+V.TE group (the
p-values were equal to 0.024, 0.001, 0.001, and 0.001 respectively).
Conclusion: Intensive exercise training increases BDNF and GDNF contents in the whole brain of rats, yet vitamin E does not influ-
ence neurotrophic adaptations induced by intensive exercise training.

Keywords: Brain-Derived Neurotrophic Factor, Exercise, Glial Cell Line-Derived Neurotrophic Factor, Hydrogen Peroxide, Tumor
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1. Background

Neurotrophic factors are secretory proteins produced
in different regions of the nervous system and initiate their
functions by binding to their specific receptors (1, 2). Brain-
Derived Neurotrophic Factor (BDNF) is one of the most
abundant and versatile neurotrophic factors, which by in-
crease in neuroplasticity, neurogenesis, dendritogenesis,
and synaptogenesis improves learning and recall of mem-
ory (2-4). Increasing anti-apoptotic protein, Glial Cell Line-
Derived Neurotrophic Factor (GDNF) acts as the most po-
tent survival factor for dopaminergic, cortical, and motor
neurons, thereby, improves motor tasks (5-7).

It has been shown that Hydrogen Peroxide (H2O2)
and Tumor Necrosis Factor-alpha (TNF-α) affect BDNF and

GDNF expression by increase in activation of some tran-
scription factors, including Nuclear Factor-Kappa B (NF-
κB) and cAMP Response Element Binding Protein (CREB)
(7-10). An in-vitro study showed that H2O2 increased
GDNF protein in neuron-glia mixed cultures and protected
dopaminergic neurons (7). In addition, 10-week H2O2 in-
jection increased GDNF contents in the cervical region of
spinal cord in rats. However, 2 other studies suggested
that N-acetyl-l-cysteine and N-tert-butyl-α-phenylnitrone
(PBN), as antioxidant, inhibited BDNF release from the mi-
crovascular endothelial cell line of the brain (9) and re-
duced BDNF levels in the cervical region of the spinal cord
(1), respectively. Also, it has been shown that superoxide
anion, induced by activation of NADPH oxidase, increases
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BDNF expression by enhancing CREB phosphorylation (8).
In contrast, inhibitors of NADPH oxidase, counteracting
oxidative stress, reduced BDNF production in rostral ven-
trolateral medulla of rats by suppression of CREB (8). Tu-
mor Necrosis Factor-alpha up-regulates BDNF and GDNF ex-
pression in brain astrocytes by activation of NF-κB (10). In
addition, it has been shown that TNFα induces BDNF and
GDNF expression in dorsal root ganglia (11). However, treat-
ments antagonizing TNF-α action inhibited BDNF release
from astrocytes (10) and reduced plasma BDNF by suppres-
sion of NF-κB activation (12). In addition, immune cells in-
creased BDNF and its receptor in dorsal root ganglia by re-
leasing pro-inflammatory cytokines (11).

Exercise training, especially at mild to moderate inten-
sity, is a noninvasive approach to enhance neurotrophins
at both the transcriptional and translational level in the
brain (13). In this context, it has been shown that 8
weeks of swimming improves memory function through
increase in BDNF content in the hippocampus (2). On
the other hand, down-regulation of BDNF contents has
been observed following detraining (2, 14). Pengyun et
al. (2012) reported a coincident increase of NF-κB signal-
ing and BDNF expression in hippocampus of rats follow-
ing exhausted swimming exercise (15). Although long-
term running on the treadmill increased BDNF in the hip-
pocampus through increase in phosphorylation of CREB
(16), short-term (3, 7 and 15 days) running on the tread-
mill (40 minutes, 10 m/minute) did not influence BDNF
contents in the hippocampus (17). Also, exercise train-
ing prevents aging-induced decline of the BDNF level (16).
In relation to other neurotrophins, such as GDNF, it has
been established that an 18-week mild to moderate exer-
cise training improves movement and coordination bal-
ance through increase in GDNF content in the striatum of
mice with chronic Parkinson’s disease (6). According to
Groover et al. (2013), a 12-week moderate wheal running
resulted in a 1.4-fold increase in GDNF contents in sciatic
nerve and spinal cord (18). Furthermore, involuntary run-
ning elicited the greatest increase in GDNF protein content
in the spinal cord compared with swimming and volun-
tary running (19). Collectively, studies suggest that low in-
tensity exercise training increases BDNF and GDNF content
in the brain (6, 13, 16, 18). In fact, there are exercises per-
formed at high intensity and long duration that are asso-
ciated with production of stress factors with potential ad-
verse effects on BDNF and GDNF (1). However, there is little
information regarding whether intense exercise could be
harmful. In reality, the effects of intensive exercise train-
ing on BDNF and GDNF contents of the brain have not been
well examined. The importance of this issue becomes even
more evident considering that H2O2 (20) and TNF-α (21)
contents increase following intensive exercise. As men-

tion previously, H2O2 and TNF-α increase neurotrophins
expression in different regions of the nervous system (7-
10). However, interactive effects of H2O2 and TNF-α content
on neurotrophin adaptations, following intense training,
have not been well established.

Athletes spent high costs on anti-inflammatory and
antioxidant supplements such as vitamin E to reduce in-
flammatory and reactive species following intensive exer-
cise (22). It has been shown that vitamin E supplementa-
tion (5.0 g α-tocopherol acetate/kg of food) could reduce
the levels of H2O2 in the brain (23, 24). Furthermore, it
has been reported that vitamin E supplementation reduces
TNF-α content in the hippocampus and frontal cortex by
reducing microglial activation (25). It also decreases acti-
vation of transcription factors of NF-KB (26, 27) and CREB
(28). Moreover, vitamin E succinate resulted in greater in-
hibition of NF-KB than other isoforms of vitamin E (27). It
has also been shown that vitamin E has no effect on ath-
letic performance (29) and the prevention and treatment
of Alzheimer’s disease or Parkinson’s disease (30), however,
even taking high doses of vitamin E may exacerbate di-
abetes and cardiovascular diseases (31). Due to the anti-
inflammatory and antioxidant properties of vitamin E, it is
necessary to accurately recognize whether there is an inter-
action between the use of vitamin E and neurotrophin con-
tents following intensive exercise training in the brain. In
reality, there is concern that vitamin E may interfere with
adaptations resulting from exercise training.

2. Objectives

The aim of the present study was therefore to investi-
gate how brain H2O2 and TNF-α contents respond to inten-
sive exercise training, how brain BDNF and GDNF contents
respond to intensive exercise training and finally, how vi-
tamin E effects BDNF and GDNF contents induced by inten-
sive exercise training.

3. Materials and Methods

3.1. Animals

The present research was an experimental study. Forty
male albino Wistar rats weighing 260 to 300 g (three
months old) were housed in environmentally controlled
rooms (22 ± 2°C) with a 12-hour light-dark cycle. Rats had
free access to standard rat food (Javaneh Khorasan Com-
pany, Iran) and tap water. After becoming familiarized
with running on the treadmill, the animals based on sim-
ple randomization were assigned to Control (C), Sham (S),
Vitamin E (V.TE), Exercise training (ET), Exercise training +
Vitamin E (ET + V.TE) groups, with eight rats in each group.
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All animal experiments conformed to the guidelines for
the use and care of laboratory animals (NIH publication
No. 86 - 23. Revised 1996) (32), and the study was approved
by the ethics committee of Birjand University of Medical
Sciences. Schematic timeline for the experimental proto-
col is shown in Figure 1.

3.2. Exercise Training Protocol

All animals were familiarized with running on a motor-
driven treadmill (5 days, 10 minutes/day at 10 m/minute)
[33]. Rats in the ET and ETS groups ran on the treadmill on
the basis of overload principles for six weeks, six sessions
per week at 27 m/minute. This intensity corresponded
to 80% maximal oxygen uptake (VO2max) (33). The dura-
tion of running in the first session was 20 minutes and
increased by two minutes per day until 60 minutes was
achieved by the 4th week. This intensity was maintained
for the 2 following weeks (Table 1). At the beginning and
the end of each session, warming-up and cooling-down pe-
riods were performed at 16 m/minute (33). Sedentary rat
groups needed exposure to the treadmill except any run-
ning on the belt with turn off motor (6).

3.3. Vitamin E Preparation and Supplementation

Vitamin E succinate (Sigma-Aldrich, MO, USA) was dis-
solved in sesame oil purchased from the local market (60
mg/mL) (34). Rats in the S and ETS groups were supple-
mented orally with vitamin E (60 mg/kg body weight) for
6 days/week, 3 hours before exercise training (34, 35). Also,
rats in the V group were supplemented orally by sesame oil
(1 mL/kg of body weight) for 6 days/week. Sesame oil did
not influence BDNF content in the hippocampus, amyg-
dala, hypothalamus, and plasma corticosterone concen-
trations in rats (16, 36).

3.4. Tissue Preparation and Biochemical Assays

Rats were sacrificed 48 hours after the last exercise
session by decapitation under anesthesia (Ketamine, 80
mg/kg and Xylazine, 8 mg/kg; IP prepared from Alfasan,
Holland) (33) and the whole brain was removed (6). De-
spite different distribution of GDNF (7) and BDNF (37) lev-
els in the brain, since small regions, such as the hippocam-
pus and striatum, are not large enough to permit mea-
surements, the whole brain was selected for the biochem-
ical assays (4). To obtain a homogenized tissue sample,
each brain was dipped to liquid nitrogen and smashed
to a fine powder (5). Then, 1x phosphate buffered saline
containing protease inhibitor cocktail (ProBlockTM, Gold-
bio technology CO., USA) was added to micro-tube contain-
ing certain amounts of powdered brain. Commercial En-
zyme Linked Immunosorbent Assay (ELISA) kits were used

Table 1. Intensive Endurance Trainings Protocols

Week Day Intensive Endurance Training

Week 1

1 20 min, 27 m/min

2 22 min, 27 m/min

3 24 min, 27 m/min

4 26 min, 27 m/min

5 28 min, 27 m/min

6 30 min, 27 m/min

Weak 2

1 32 min, 27 m/min

2 34 min, 27 m/min

3 36 min, 27 m/min

4 38 min, 27 m/min

5 40 min, 27 m/min

6 42 min, 27 m/min

Weak 3

1 44 min, 27 m/min

2 46 min, 27 m/min

3 48 min, 27 m/min

4 50 min, 27 m/min

5 52 min, 27 m/min

6 54 min, 27 m/min

Weak 4

1 56 min, 27 m/min

2 58 min, 27 m/min

3 60 min, 27 m/min

4 60 min, 27 m/min

5 60 min, 27 m/min

6 60 min, 27 m/min

Weak 5 - 6 1 - 12 60 min, 27 m/min, to end of 6th

week

to measure total GDNF (#CSB-E04566r, Cusabio Biotech
CO., LTD. Sino-American), total BDNF (#CSB-E04504r, Cus-
abio Biotech CO., LTD. Sino-American), and total TNF-α
(#865.000.096, Diaclone SAS., France) contents. H2O2 and
vitamin E assays were carried out by H2O2 colorimetric as-
say kit (#BC05-96, Biocore Diagnostik Ulm, German) and
vitamin E colorimetric assay kit (#BC09-96, Biocore Diag-
nostik Ulm, German), respectively. The assays were carried
out, according to the manufacturer’s instructions and the
optical density of samples was read using the ELISA reader
(Biotek, USA), and the values were expressed based on tis-
sue weight.

3.5. Statistical Analysis

Data were analyzed by Statistical Package for Social Sci-
ences (SPSS Inc., Chicago, USA) software, version 16.0. All
the data are presented as means ± Standard Deviation
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Figure 1. Protocol Timeline

Simple randomization 

Week : 1 (Start) 

Tissue preparation 
Biochemical assays 

6 (Finish) 

Intensive endurance training 
(ET, ET+V.TE groups) 

Vitamin E supplementation 
(S, ET+V.TE groups) 

Familiarization with running 
(All animals) 

After familiarized with running on treadmill (5 days, 10 min/day at 10 m/min), the animals based on simple randomization were assigned to Control (C), Sham (S), Vitamin E
(V.TE), Exercise training (ET), Exercise training + Vitamin E (ET + V.TE) groups. Then, exercise training (six sessions per week at 27 m/min) and vitamin E supplementation (60
mg/kg body weight) were carried out for 6 weeks. Finally, whole brain of each rat was removed and selected for the biochemical assays.

Table 2. Means and Standard Deviations (M ± SD) of Dependent Variables

Groups Vitamin E H2O2 TNF-α BDNF GDNF

(µg/g Tissue Weight) (µM/mg Tissue Weight) (pg/mg Tissue Weight) (pg/mg Tissue Weight) (pg/mg Tissue Weight)

C 14.23 ± 4.10 0.59 ± 0.10 1.53 ± 0.24 13.58 ± 1.46 9.87 ± 1.27

S 17.20 ± 3.11 0.56 ± 0.15 1.57 ± 0.22 13.52 ± 1.33 9.9 ± 1.54

V.TE 33.83 ± 2.92 0.45 ± 0.09 1.22 ± 0.21 11.37 ± 1.24 7.48 ± 1.64

ET 12.10 ± 4.05a 0.81 ± 0.16 a 2.82 ± 0.36 a 24.02 ± 4.27 a 17.1 ± 3.33 a

ET + V.TE 27.44 ± 1.41a 0.78 ± 0.06 a 2.52 ± 0.18 a 21.91 ± 1.92 a 14.72 ± 2.23 a

Abbreviations: BDNF, Brain-Derived Neurotrophic Factor; C, Control; GDNF, Cell Line-Derived Neurotrophic Factor; S, Sham; V.TE, Vitamin E; ET, Exercise training; ET +
V.TE, Exercise training + Vitamin E.
a Denotes a significant difference compared with C group.

(SD). After performing a test of normality by Shapiro-Wilk’s
test, statistical significance was determined at P < 0.05
using one-way Analysis of Variance (ANOVA), followed by
Bonferroni post-hoc comparison, to test the differences
between groups. In addition, Pearson’s correlation coef-
ficient was calculated to determine the relationship be-
tween variables.

4. Results

4.1. Vitamin E levels

The results indicated that vitamin E supplementation
increased brain vitamin E levels in V.TE (P = 0.001) and ET
+ V.TE (P = 0.001) groups compared with the C group (Fig-
ure 2). Means and standard deviations of vitamin E are pre-
sented in Table 2.

4.2. H2O2 and TNF-α Contents

Intensive exercise training significantly increased
brain H2O2 levels in ET (P = 0.007) and ET + V.TE (P = 0.024)

Figure 2. Comparison Vitamin E Levels in Whole Brain of Different Groups (n = 8)

40

35

30

25

20

15

10

5

0

C                       S                   V.TE                 ET            ET+V.TE

B
ra

in
 V

it
am

in
 E

(µ
g

/g
 W

ei
g

h
t 

Ti
ss

u
e)

Groups

Vitamin E supplementation increased vitamin E levels of whole brain in V.TE (P =
0.001) and ET + V.TE (P = 0.001) groups. The asterisk (*) denotes a significant differ-
ence compared with C group. Abbreviations: C, Control; S, Sham; V.TE, Vitamin E; ET,
Exercise training; ET + V.TE, Exercise training + Vitamin E.

groups compared with the C group. However, vitamin E
supplementation could not influence brain H2O2 levels in
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V.TE (P = 0.593) and ET + V.TE (P = 0.999) groups (Figure 3A).
In contrast, inflammatory marker, brain TNF-α contents,
significantly increased in ET (P = 0.001) and ET + V.TE (P =
0.001) groups compared with the C group. However, vita-
min E supplementation could not influence brain TNF-α
contents in V.TE (P = 0.465) and ET + V.TE (0.522) groups
(Figure 3B). Means and standard deviations of H2O2 and
TNF-α are presented in Table 2.

Figure 3. Comparison of H2O2 (A) and TNF-α (B) Contents in Whole Brain of Differ-
ent Groups (n = 8)
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The levels of H2O2 in whole brain was increased in ET (P = 0.007) and ETS (P = 0.024)
groups. The protein content of TNF-α in whole brain was increased in ET (P = 0.001)
and ETS (P = 0.001) groups. The asterisk (*) denotes a significant difference compared
with C group. Abbreviations: C, Control; S, Sham; V.TE, Vitamin E; ET, Exercise train-
ing; ET + V.TE, Exercise training + Vitamin E.

4.3. BDNF and GDNF Contents

Brain BDNF content was significantly enhanced in ET
(P = 0.001) and ET + V.TE (P = 0.001) groups compared with
the C group. In contrast, vitamin E supplementation could
not influence brain BDNF contents in V.TE (P = 0.462) and
ET + V.TE (P = 0.499) groups (Figure 4A). In addition, brain
GDNF content significantly enhanced in the ET (P = 0.001)
and ET + V.TE (P = 0.001) groups compared with the C group.
However, vitamin E supplementation could not influence
brain GDNF contents in V.TE (P = 0.478) and ET + V.TE (P =

0.493) groups (Figure 4B). Means and standard deviations
of BDNF and GDNF are presented in Table 2.

Figure 4. Comparison of BDNF (A) and GDNF (B) Contents in Whole Brain of Differ-
ent Groups (n = 8)
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The protein contents of BDNF and GDNF in whole brain were increased in ET (P =
0.001) and ETS (P = 0.001) groups. The asterisk (*) denotes a significant difference
compare with C group. Abbreviations: C, Control; S, Sham; V.TE, Vitamin E; ET, Exer-
cise training; ET + V.TE, Exercise training + Vitamin E.

4.4. Relationship Between Neurotrophins, Oxidative Stress, and
Inflammatory Markers

Furthermore, the current results showed a significant
positive correlation between BDNF with H2O2 (r = 0.84, P =
0.001) and with TNF-α (r = 0.87, P = 0.001) (Figure 5A, 5B)
and also between GDNF with H2O2 (r = 0.86, P = 0.001) and
with TNF-α (r = 0.79, P = 0.001) (Figure 5C, 5D).

5. Discussion

Various approaches have been used to increase neu-
rotrophins in the brain. However, exercise training ac-
counts for a non-pharmacological approach to maintain
health and improve brain function. This study showed
that intensive exercise training increased BDNF and GDNF
contents in the brain and also there were positive corre-
lations between the contents of above-mentioned factors
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Figure 5. Correlation Between BDNF With H2O2 (A) and With TNFα (B) in Whole Brain of Rats

1.2

1

0.8

0.6

0.4

0.2

0

1.2

1

0.8

0.6

0.4

0.2

0

4

3.5

3

2.5

1.5

1

0.5

0

4

3.5

3

2.5

1.5

1

0.5

0
5                       10                   15                    20                   25                     30 5                       10                   15                    20                   25                     30

0                            5                              10                         15                          20     0                            5                              10                         15                          20     

B
ra

in
 H

2O
2 

 (µ
M

/m
g

 T
is

su
e)

B
ra

in
 H

2O
2 

 (µ
M

/m
g

 T
is

su
e)

B
ra

in
 T

N
F-

α   (p
g

/m
g

 T
is

su
e)

B
ra

in
 T

N
F-

α   (p
g

/m
g

 T
is

su
e)

BA

DC

r = 0.84 r = 0.87

r = 0.79

Brain BDNF (pg/mg Tissue) Brain BDNF (pg/mg Tissue) 

Brain GDNF (pg/mg Tissue) Brain GDNF (pg/mg Tissue) 

r = 0.86

In addition, correlation between GDNF with H2O2 (A) and with TNFα (B) in whole brain of rats. The correlations were significant (P = 0.001).

and H2O2 and TNF-α levels. In addition, other studies have
shown that exercise trainings with low to moderate inten-
sity enhanced motor and cognitive processes through in-
crease in neurotrophins (2, 6), which may have a protective
role in various neurological diseases. Also, the results of
this study showed that vitamin E supplementation did not
influence neurotrophins adaptations, induced by exercise
training in the brain.

Furthermore, BDNF and GDNF are 14- and 15-kDa
monomer proteins synthesized and released by neurons,
oligodendrocytes, glia cells, astroglia, microglia, satellite
cells, schwann cells, stem cells, and blood cells (1, 19). In
agreement with other studies, in which BDNF and GDNF
levels increased in special regions of the nerve system, fol-
lowing exercise training with low to moderate intensity (7,
19), the current study showed increased contents of these
neurotrophic factors in the entire brain following inten-
sive exercise training, which may be due to alterations in

the synthesis and release from the above-mentioned cells.
In other words, the current results are consistent with
studies that used protocols with low to moderate intensity.
However, it has been reported that short-term running on
the treadmill does not influence BDNF (17) and GDNF (38)
contents in the hippocampus and striatum, respectively.
In addition, lack of changes in the basal forebrain BDNF
content following 7 weeks of running on the treadmill has
been attributed to learning, induced by the Morris maze
task in the last week of training in both control and exer-
cise training groups (39).

Increased levels of insulin-like growth factor 1 (40) and
estrogen (16), and decreased levels of leptin (3) and corti-
costerone (16) are considered as potential mechanisms by
which exercise training with low to moderate intensity in-
creases neurotrophins. Similar to the study performed by
TaheriChadorneshin et al. (33), the present study was inten-
sive and resulted in enhancement of H2O2 and TNF-α pro-
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tein in the brain as reported by others (21). However, lack
of changes in the TNF-α content in the entire brain and hy-
pothalamus has been attributed to short term (41) and low
intensity exercise training (42), respectively. Also, exercise
training with low intensity did not influence the produc-
tion of H2O2 in the hippocampus and cerebellum (20). As
shown previously, there are positive correlations between
both H2O2 and TNF-α levels with neurotrophic factors; in
one study, it was shown that increase in whole brain BDNF
content attributed to inflammation induced by exercise
training (4). Also, it was reported that oxidative stress in-
duced by exercise training influences neurotrophins adap-
tations in the cervical region of rats and there is a positive
correlation between free radical concentration and BDNF
contents (1). In addition, the levels of H2O2 and TNF-α in-
fluence BDNF and GDNF expression by increase in translo-
cation of p65: p50 of NF-kB complex from cytoplasm to
nucleus (7, 10), and up-regulate neurotrophins expression
via activation of CREB (8, 10). Overall, positive correlations
between neurotrophins levels and contents of oxidative
stress and pro-inflammatory factors indicate that changes
in brain BDNF and GDNF after intensive exercise training,
along with other possible factors, may be attributed to in-
crease in oxidative stress and inflammation.

In agreement with other studies (24, 43), the current
results have shown that vitamin E supplementation in-
creased whole brain vitamin E levels to 1.37 times and 92%
in S and ETS groups, respectively. Based on Ibrahim’s study,
in which vitamin E levels increased in a dose-dependent
manner in the brain (44), Jolitha et el. reported an increase
of 46% and 52% in vitamin E levels in hippocampus and
cerebral cortex of rats following low dose supplementa-
tion of vitamin E (20). Furthermore, vitamin E supplemen-
tation increased vitamin E levels by 17% to 44% in the left
and right ventricles of the heart of rats (45). This means
that dosage of vitamin E, tissue-responses, and amount of
fat in tissue may influence vitamin E uptake (43). The trans-
fer of vitamin E from plasma to the cerebrospinal fluid and
to the nerve cells is mediated by both apolipoprotein E
(46) and scavenger receptor class B type I (47), which play
decisive roles in vitamin E uptake by different regions of
the brain. The current results showed that vigorous exer-
cise did not change vitamin E levels in the brain. Similarly,
acute exhaustive exercise and an 8-week exercise training
on the treadmill had no effect onα-tocopherol levels in the
rat brain (48).

Vitamin E is used due to its antioxidant and anti-
inflammatory properties. Vitamin E reduces H2O2 levels
through directly scavenging superoxide radicals or indi-
rectly decreasing expression (48, 49) and activity of super-
oxide dismutase (50). Also, vitamin E reduces expression of
TNF-α and inflammatory conditions by reducing NF-KB ac-

tivation (25, 26). Despite that vitamin E supplementation
increased levels of vitamin E in the brain, it had no signif-
icant effect on H2O2 and TNF-α content. This is consistent
with some studies (20, 23) and inconsistent with others (24,
26). These discrepancies may be related to high doses of
supplemention of α-tocopherol acetate (2.0 or 5.0 g/kg of
food) (23, 24) and long term supplementation of vitamin E
(3 mounts) (23, 24, 26).

It has been reported that oxidative stress reduces BDNF
content by increasing damage to cells and protein car-
bonyl and 8-Hydroxy-2’-deoxyguanosine levels. Thus, in-
creases of neurotrophins by vitamin E, which has protec-
tive and survival effects on the cells, are expected. Vita-
min E reduces oxidative damage in different regions of the
brain (22). Therefore, the reason that vitamin E supplemen-
tation had no effect on BDNF and GDNF contents might be
due to low dose of vitamin E supplementation, which did
not allow vitamin E to reduce H2O2 and TNF-α levels. How-
ever, vitamin E supplementation kept mRNA and protein
levels of BDNF at base line levels in the hippocampus by
reducing oxidative products (28). Vitamin E succinate re-
sulted in greater inhibition of the NF-KB thanα-tocopherol
and α-tocopherol acetate. It seems likely that vitamin E
compounds influence BDNF and GDNF contents differently
(27). The brain consists of several regions that are differ-
ent in their contributions to neurotrophins production (7,
37) and their vitamin E uptake from cerebrospinal fluid
(47). In this context, it has been reported that hippocam-
pus, midbrain, striatum, and frontal cortex have, in or-
der, larger ventricular surface areas in contact with cere-
brospinal fluid, resulting in up-taking of more vitamin E
(47). Thus, the accumulation of vitamin E in the hippocam-
pus is higher than other regions of the brain (47). Fur-
thermore, BDNF and GDNF contents are higher in the hip-
pocampus (37) and striatum (7), respectively. Thus, the
other reason for the lack of significant effect of vitamin E
on BDNF content may be due to determination of this fac-
tor in the entire brain instead of specific regions. In addi-
tion, it has been shown that vitamin E uptake and its con-
centration in the striatum is lower than other regions of
the brain (43). It appears that vitamin E does not affect the
GDNF content of striatum and the slight decrease of GDNF
observed in this study might be caused by other regions
of the brain. Hence, investigation of the effect of vitamin
E supplementation on neurotrophins contents in specific
regions of the brain is suggested for future researches.

5.1. Conclusions

Intensive exercise training increased GDNF and BDNF
contents in the brain and these changes may be asso-
ciated with H2O2 and TNF-α enhancement following in-
tensive exercise training. Also, vitamin E succinate sup-
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plementations for 6 weeks did not appear to influence
neurotrophins adaptations induced by intensive exercise
training.

5.2. Limitations
The main limitation of the present study was that neu-

rotophins were measured in the whole brain instead of
special regions of the brain. As previously mentioned, vita-
min E uptake differs between various regions of the brain,
which may differently influence neurotrophins content.
Hence, investigating vitamin E supplementation effects on
neurotrophins content in specific regions of the brain are
recommended for future researches.
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