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Noopept Stimulates the Expression of NGF
and BDNF in Rat Hippocampus
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We studied the effect of original dipeptide preparation Noopept (N-phenylacetyl-L-
prolylglycine ethyl ester, GVS-111) with nootropic and neuroprotective properties on
the expression of mRNA for neurotropic factors NGF and BDNF in rat hippocampus.
Expression of NGF and BDNF mRNA in the cerebral cortex and hippocampus was
studied by Northern blot analysis. Taking into account the fact that pharmacological
activity of Noopept is realized after both acute and chronic treatment, we studied the
effect of single and long-term treatment (28 days) with this drug. Expression of the
studied neurotropic factors in the cerebral cortex was below the control after single
administration of Noopept, while chronic administration caused a slight increase in BDNF
expression. In the hippocampus, expression of mRNA for both neurotrophins increased
after acute administration of Noopept. Chronic treatment with Noopept was not followed
by the development of tolerance, but even potentiated the neurotrophic effect. These
changes probably play a role in neuronal restoration. We showed that the nootropic drug
increases expression of neurotrophic factors in the hippocampus. Our results are con-
sistent with the hypothesis that neurotrophin synthesis in the hippocampus determines
cognitive function, particularly in consolidation and delayed memory retrieval. Published
data show that neurotrophic factor deficiency in the hippocampus is observed not only
in advanced Alzheimer’s disease, but also at the stage of mild cognitive impairment (pre-
disease state). In light of this our findings suggest that Noopept holds much promise to
prevent the development of Alzheimer’s disease in patients with mild cognitive im-
pairment. Moreover, therapeutic effectiveness of Noopept should be evaluated at the
initial stage of Alzheimer’s disease.
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Cognitive deficit is typical of various diseases,
including stroke, chronic dyscirculatory encephalo-
pathy, neurodegenerative disorders, brain trauma,
neuroinfection, and mental retardation in children.
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Memory deficit in these diseases is accompanied by
structural changes in brain tissue of different seve-
rity. Hence, it is important to develop high-effici-
ency drugs that improve cognitive function and
have the neuroprotective effect. The synthesis of
endogenous peptide derivatives is of considerable
importance. A new method developed at the In-
stitute of Pharmacology suggests the synthesis of
dipeptide drugs, which imitate the structure of a
nonpeptide substance and active site of the peptide
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with neurotropic properties. N-acyl proline deri-
vatives with nootropic activity were synthesized
from the active fragment of the major vasopressin
metabolite AVP,, and nonpeptide prototype of pi-
racetam [8]. Among these preparations, N-phenyl-
acetyl-L-prolylglycine ethyl ester (GVS-111, Noo-
pept) is characterized by high activity, low toxicity,
and peroral bioavailability. This drug was subjected
to detailed studies. Our previous experiments sho-
wed that Noopept normalizes cognitive function [5]
and facilitates synaptic transmission in the cerebral
cortex [4] and hippocampus [7]. Noopept was high-
ly effective on experimental models of Alzheimer’s
disease for various types of cholinergic deficit in
the brain, including chronic treatment with scopol-
amine [5], olfactory bulbectomy [11], and admini-
stration of B-amyloid into nucleus basalis of Mey-
nert [6]. Electrophysiological studies on isolated
neurons of Helix lucorum showed that Noopept
increases sensitivity of the postsynaptic membrane
to acetylcholine [5].

A close relationship exists between the cho-
linergic system and neurotrophins. The loss of cho-
linergic neurons in Alzheimer’s disease is asso-
ciated with a deficiency of neurotrophic factors
NGF and BDNF and their receptors. Neurotrophins
provide synaptic plasticity and stable interaction of
neurons. They play an important role in cognitive
function. Neurotrophins induce differentiation and
growth of neurons and improve reparative pro-
cesses in the nervous system. Hence, they play the
major role in the mechanisms of neuroprotection
during brain injury (e.g., neurodegenerative dis-
eases) [9]. In vivo studies showed that Noopept
produce a strong neuroprotective effect during experi-
mental cerebral ischemia [5]. This effect of Noopept
was also revealed in in vitro experiments with neu-
ronal cultures of cerebellar granule neurons from
rats [1] and cerebral cortical neurons of aborted
fetuses with Down syndrome [12]. Another peptide
analogue of piracetam and AVP,,, pGlu Asn NH,,
increases the expression of mRNA for BDNF and
NGF in hippocampal tissue culture [3].

Here we studied the effect of Noopept on ex-
pression of two major neurotrophic factors, BDNF
and NGF. Taking into account the fact that phar-
macological activity of Noopept is realized during
acute and chronic treatment, we studied the effect
of single and long-term treatment with this drug.

MATERIALS AND METHODS

Experiments were performed on male outbred al-
bino rats weighing 240-300 g and obtained from
the Stolbovaya nursery (Russian Academy of Me-
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TABLE 1. Primers for Study of Neurotrophin Gene Ex-
pression

BDNFf 5'-GGTATCCAAAGGCCAACTGA-3'
BDNFr 5'-CTTATGAATCGCCAGCCAAT-3'
NGFf 5'-TGT GCC TCA AGC CAG TGA AAT T-3'
NGFr 5-TCC ACA GTG ATG TTG CGG GTC T-3'

dical Sciences). The animals were housed in plastic
cages (30x70x40 cm, 6-8 rats per cage) under na-
tural light/dark cycle and had free access to water
and food (MEST combined food). The study was
conducted according to the rules of researches with
experimental animals (Order of the USSR Ministry
of Health, No. 755, 12.08.1977).

The animals were divided into 4 groups of 6-8
rats each. Group 1 and 3 rats intraperitoneally re-
ceived 0.9% NaCl (single injection and 28-day
treatment, respectively). Noopept (0.5 mg/kg) was
injected intraperitoneally to group 2 (single injec-
tion) and 4 rats (28-day treatment). The rats were
decapitated 30 min after single treatment or last
injection of Noopept. The brain was prepared. The
cerebral cortex and hippocampus were isolated and
immediately placed in liquid nitrogen.

Total RNA was isolated with TRYzol reagent
(Invitrogen). The quality of isolation and RNA
concentration were estimated from light absorption
at 260 and 280 nm. The study was performed with
2 pg RNA from each sample. RNA was separated
in 1.5% denaturing agarose gel with 10% formal-
dehyde. RNA was transferred to a Hybond-XL mem-
brane (Amersham). DNA probes for hybridization
were complementary to NGF and BDNF gene se-
quences. They were labeled with [0-32P]dATP.
The probes were synthesized using NGF{/NGFr and
BDNF{/BDNFr primers (Table 1). The membrane
was washed and exposed with a Retina roentgen
film. Before hybridization, the membranes were
stained with methylene blue (0.5% sodium acetate,
pH 5.2; and 0.04% methylene blue) for measuring
RNA concentration in the sample (control for ap-
plication). Target mRNA concentration in each sam-
ple was equalized by total RNA concentration. The
values were normalized by the control (one unit).

RESULTS

Expression of the neurotropic factors in the cere-
bral cortex slightly decreased after acute admini-
stration of Noopept. However, chronic treatment
with Noopept for 28 days slightly increased ex-
pression of BDNF (Table 2). The expression of
mRNA for both neurotrophins in rat hippocampus



