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INTRODUCTION

There is strong evidence confirming the correlation
between stress factors and mammalian central nervous
system (CNS) pathologies, such as depressive and anx-
iety states [1]. At the same time, the pathophysiological
effects of stress are associated with the influence on
hippocampal functions [2]. In turn, the hippocampal
functions, mainly the memory formation, are regulated
by brain derived neurotrophic factor (BDNF), whose
expression is inhibited by stress and glucocorticoids
[3]. The participating of neurotrophins (mainly BDNF)
in the learning processes and engram forming in mam-
malian brain has been shown [4]. BDNF regulates
short-term synaptic functions, as well as long-term syn-
aptic potentiation via binding with specific TrkB recep-
tors on postsynaptic neurons [5, 6]. The increase in
BDNF mRNA expression in the hippocampus after
learning has also been shown [7, 8]. A decrease in
endogenous BDNF levels in the rat brain using BDNF
antibodies or antisense oligonucleotides impairs learn-
ing and memory [4, 8, 9].

On the basis of molecular structure modification of
the endogenous regulatory tetrapeptide tuftsin
(Thr

 

−

 

Lys–Pro–Arg), which possess a wide spectrum of
pharmacological activity, including psychotropic activ-
ity, the prolonged-action heptapeptide Selank (Thr–
Lys–Pro–Arg–Pro–Gly–Pro) was synthesized in the
Department of Regulatory Peptides of the Institute of
Molecular Genetics of the Russian Academy of Sci-
ences. Large-scale pharmacological study of Selank
performed in the Research Institute of Pharmacology of
the Russian Academy of Medical Sciences revealed a
unique spectrum of psychotropic activity of this com-

pound, combining the anxiolytic, antidepressant and
antiamnestic effects [10–12]. On the basis of these data,
as well as on the Selank ability to influence the cogni-
tive brain functions (nootropic action) and anxiety
state, we tested the hypothesis that Selank-induced
stimulation of BDNF expression on the mRNA and
protein levels in the hippocampus is a stage of the effect
of this peptide on the CNS.

MATERIALS AND METHODS

 

Animal experiments. 

 

We used male Wistar rats
with a body weight of 200–250 g (Central Nursery of
Laboratory Animals of the Russian Academy of Medi-
cal Sciences). The animals were kept under standard
conditions, a 12-h light–dark cycle (light on at 9:00, off
at 21:00), and received water and food ad libitum. All
conditions were created to minimize stress. The ani-
mals of the control and experimental groups were
caged together. Selank was administered intranasally at
doses of 250 and 500 

 

µ

 

g/kg body weight in a volume of
100 

 

µ

 

l/kg body weight once between 08:45 and 10:15.
Control animals received an equal volume of distilled
water. Each group consisted of four animals. Rats were
decapitated 1, 3 or 24 h after the Selank administration,
and immediately after that, the studied brain regions
were isolated on ice. Tissue was frozen on dry ice and
stored at 

 

–80°ë

 

.

 

RNA extraction and reverse transcriptase poly-
merase chain reaction.

 

 Total RNA was extracted from
samples by the phenol–chloroform method using a
PeqGold TriFast kit (PeqLab, Germany) as recom-
mended by the manufacturer. The extracted RNA was
washed three times in 80% ethanol (

 

4°ë

 

), dissolved in
100 

 

µ

 

l of water free of DNases, and stored at 

 

–80°ë

 

.
The RNA level was measured by spectrophotometry,
and only the samples where the ratio between the opti-
cal densities at 260 and 280 nm exceeded 1.6 were
used.

Reverse transcription was performed using a Sileks
kit (Russia) as recommended by the manufacturer. A
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sample of 0.25 

 

µ

 

g of total RNA was taken, and the reac-
tion was performed as follows: 1 h at 

 

37°ë

 

 in 50 

 

µ

 

l of a
mixture containing 0.1 

 

µ

 

l of random hexaprimers,
200 units of Moloney Murine Leukemia Virus
(M-MLV) reverse transcriptase, 150 

 

µ

 

M deoxytriphos-
phate nucleotide (dNTP) mixture, 70 mM Tris–HCl
(pH 8.3 at 

 

25°ë), 16

 

 mM 

 

(NH

 

4

 

)

 

2

 

SO

 

4

 

,

 

 and 7.5 mM

 

MgCl

 

2

 

. After incubation at 

 

70°ë

 

 for 10 min, the sam-
ples were stored at 

 

–20°ë

 

.
Polymerase chain reaction (PCR) was performed

using a Sileks kit (Russia) in a Tertsik DNA amplifier
(DNK-Tekhnologiya, Russia) in 25 

 

µ

 

l of a reaction
mixtur, contained 

 

Taq

 

 buffer, 1.5 mM dNTP mixture,
1.25 units of 

 

Taq

 

 polymerase, 1 

 

µ

 

l of complementary
DNA, and 10 pmol of each primer. The following prim-
ers (Sintol, Russia) were used: for the 

 

gapdh

 

 gene [13],
5'-TCCATGACAACTTTGGCATTGTGG-3' (forward),
5'-GTTGCTGTTGAAGTCGCAGGAGAC-3' (reverse);
supposed amplicon length, 376 bp; for the 

 

bdnf

 

 gene [14],
5'-CACAGCGGCAGATAAAAAGA-3' (forward), 5'-
CGGCAACAAACCACAAGATT-3' (reverse); sup-
posed amplicon length, 527 bp.

The PCR conditions for the 

 

gapdh

 

 gene were the
following: start, 5 min at 

 

95°C

 

; 28 cycles of 45 s at

 

95°C, 45

 

 s at 

 

66°C,

 

 and 45 s at 

 

72°C

 

; and final incuba-
tion for 10 min at 

 

72°C

 

. The PCR conditions for the

 

bdnf

 

 gene were the following: start, 5 min at 

 

95°C

 

;
40 cycles of 45 s at 

 

95°C, 45

 

 s at 

 

62°C,

 

 and 45 s at

 

72°C

 

; and final incubation for 10 min at 

 

72°C

 

.
The conditions and number of PCR cycles were

selected in preliminary experiments and provided the
proportionality of amplification products to the amount
of complementary DNA added into the reaction mix-
ture.

The products were separated by gel electropgoresis
in 2% agarose gel, with ethidium bromide UV visual-
ization. The intensity of fluorescence was measured
using a BioDocAnalyze system (Biometra, Germany),
and the relative values of complementary DNA initial
concentrations were obtained using the manufacturer’s
software. Normalization of the 

 

bdnf

 

 gene expression
level was carried out relative to the 

 

gapdh

 

 gene expres-
sion level.

 

Immunoenzyme assay.

 

 To obtain protein extracts,
the tissue was weighed, placed into the reaction buffer
solution (pH 7.7) containing 100 mM Tris–HCl,
400 mM NaCl, 0.4% Triton X-100, 1 mM PMSF (phe-
nylmethylsulfonyl fluoride), 10 

 

µ

 

g/ml aprotinin,
10 

 

µ

 

g/ml leupeptin, and 1 mM benzamidine, and disso-
ciated by pipetting. Then, the tissue was homogenized
with a polytron (Tissue Tearor Biospec Products,
United States) at 

 

4°ë

 

. The homogenated samples were
then centrifuged at 15 000 

 

g

 

 and 

 

4°ë

 

 for 30 min, the
supernatant was removed, and the obtained extracts
were stored at 

 

–80°ë

 

. The total protein concentration
was measured by the Lowry method. The BDNF con-
centration in the samples was measured by sandwich-
modified ELISA using a BDNF 

 

E

 

max

 

 

 

Immumoassay
System kit (Promega, United States) as recommended
by the manufacturer. Subsequent normalization was
performed with respect to the total protein concentra-
tion in the sample.

The significance of differences was estimated using
one-way ANOVA. Differences were regarded as signif-
icant at 

 

p

 

 < 0.05. The data on the figures is shown as the
group mean 

 

±

 

 standard error of the mean (

 

n

 

 = 4).

RESULTS AND DISCUSSION

 

Effect of Selank on BDNF mRNA expression in
the rat hippocampus. 

 

We investigated the influence of
Selank on BDNF mRNA expression in the rat hippoc-
ampus after intranasal introduction of the peptide at
doses of 250 and 500 

 

µ

 

g/kg body weight after 1, 3 or
24 h after administration (Fig. 1). As shown in the fig-
ure, Selank significantly increased the concentration of
BDNF mRNA in the hippocampus by a factor of 1.5–
2 compared to the control 3 h after administration at a
dose of 250 or 500 

 

µ

 

g/kg body weight. There was no
significant change in the mRNA level of this neu-
rotrophic factor 1 or 24 h after peptide administration.

 

Effect of Selank on the BDNF protein level in the
rat hippocampus.

 

 The influence of Selank intranasal
administration on the 

 

bdnf

 

 gene protein product level
was estimated at the next stage of the study. A statisti-
cally significant 30% increase relative to the control
value was found in the rat hippocampus BDNF level
24 h after the peptide administration at a dose of 250 or
500 

 

µ

 

g/kg body weight (Fig. 2). On the other hand, a
statistically significant 40% decrease in the hippocam-
pal BDNF level was observed 3 h after the Selank
administration at a dose of 500 

 

µ

 

g/kg body weight,

 

250

200

150

100

50

0
1 3 24

 

Time after peptide administration, h 

 

1 2 3

 

BDNF mRNA level, % of the control

 

*
*

 

Fig. 1.

 

 Effect of Selank on BDNF mRNA expression in the
rat hippocampus 1, 3 and 24 h after intranasal administra-
tion of the peptide at doses of 250 and 500 

 

µ

 

g/kg body
weight:

 

 1

 

, control;

 

 2

 

, Selank at a dose of 250 

 

µ

 

g/kg;

 

3

 

, Selank at a dose of 500 

 

µ

 

g/kg. 

 

* – 

 

p

 

 < 0.05

 

 (one-way
ANOVA).



 

DOKLADY BIOLOGICAL SCIENCES

 

      

 

Vol. 421

 

      

 

2008

 

INTRANASAL ADMINISTRATION 243

 

while there was no change in the hippocampal BDNF
level in rats injected with Selank at a dose of 250 

 

µ

 

g/kg
body weight. The increase in both BDNF mRNA and
protein levels suggests that Selank stimulates the
expression of this neurotrophic factor exactly in the
hippocampal cells, rather than its axonal transport from
distant brain areas. The results indicate that Selank,
possessing anxiolytic and nootropic properties, can
regulate the hippocampal BDNF level in rats. To date,
no other anxiolytic compounds are known to regulate
BDNF expression in the mammalian brain. However,
there are some examples of such compounds among
substances with nootropic activity. For example, we
demonstrated earlier that the peptide Semaks (Met–
Glu–His–Phe–Pro–Gly–Pro), the effective agent of the
nootropic drug Semaks, 0.1% solution, stimulated the
expression of several neurotrophic factors, including
BDNF, in the rat hippocampus and basal forebrain [15].
Thus, the Selank effects on processes in the CNS may

be connected with changes in the expression of some
genes, especially the BDNF gene.
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Fig. 2. Effect of Selank on BDNF level in the rat hippocam-
pus 3 and 24 h after intranasal administration of the peptide
at doses of 250 and 500 µg/kg body weight: 1, control;
2, Selank at a dose of 250 µg/kg; 3, Selank at a dose of 500
µg/kg. * – p < 0.05; ** – p < 0.01; *** – p < 0.001 (one-way
ANOVA).
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