
ORIGINAL PAPER

Semax and Pro-Gly-Pro Activate the Transcription
of Neurotrophins and Their Receptor Genes
after Cerebral Ischemia

Veronika G. Dmitrieva Æ Oksana V. Povarova Æ
Veronika I. Skvortsova Æ Svetlana A. Limborska Æ
Nikolai F. Myasoedov Æ Lyudmila V. Dergunova

Received: 5 May 2009 / Accepted: 8 July 2009 / Published online: 25 July 2009

� Springer Science+Business Media, LLC 2009

Abstract Consisting of a fragment of ACTH(4–7) and

C-terminal PGP tripeptide, the polypeptide Semax is suc-

cessfully used for acute stroke therapy. Previous experi-

ments showed rapid induction of Bdnf, Ngf, and TrkB

expression in intact rat hippocampus following Semax

treatment. To investigate the mRNA expression of neuro-

trophins and their receptors after treatment with either

Semax or PGP, the rat brains were analyzed at three time

points following a permanent middle cerebral artery

occlusion (pMCAO). We have shown for the first time that

both Semax and PGP activate the transcription of neuro-

trophins and their receptors in the cortex of rats subjected

to pMCAO. The profiles of transcription alteration under

PGP and Semax treatment were partially overlapped.

Semax enhanced the transcription of Bdnf, TrkC, and TrkA

3 h after occlusion, Nt-3 and Ngf 24 h after occlusion, and

Ngf 72 h after occlusion. PGP enhanced the transcription of

Bdnf and TrkC 3 h after pMCAO and Ngf, TrkB, TrkC, and

TrkA 24 h after pMCAO. The analysis of the transcription

alterations under PGP and Semax treatment in the cortex of

rats without surgery, sham-operated rats and rats subjected

to pMCAO revealed that Semax selectively affected the

transcription of neurotrophins and their receptors in the

ischemic rat cortex, whereas the influence of PGP was

mainly unspecific.
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Abbreviations

ACTH Adrenocorticotropic hormone

pMCAO Permanent middle cerebral artery occlusion

Bdnf Brain-derived neurotropic factor

Ngf Nerve growth factor

Gapdh Glyceraldehyde-3-phosphate dehydrogenase

Introduction

It is well known that melanocortins, a family of neuro-

peptides derived from pro-opio(melano)cortin, have an

influence on the functioning of the central nervous system

(De Wied 1999). Peptide ACTH(4–10), a member of this

family, has neurotrophic, behavioral, and cognitive effects

and shows none of the hormonal activity of ACTH (De

Wied 1977). As an analog of ACTH(4–10), synthetic

heptapeptide Semax (Met-Glu-His-Phe-Pro-Gly-Pro) con-

sists of a fragment of ACTH(4–7) and a C-terminal PGP

(Pro-Gly-Pro) tripeptide that augments the peptide’s sta-

bility (Ashmarin et al. 1995). The effects of Semax on the

functioning of the central nervous system have been

assessed in numerous studies. It was well demonstrated that

Semax stimulates learning and memory formation in

rodents and humans (Kaplan et al. 1996). Semax has a

marked nootropic effect (Ashmarin et al. 1997). Under the

conditions of global ischemia in rats, Semax reduced

neurological deficiency at the first 6.5 h after surgery;

the survival rate for the experimental rats was raised

(Yakovleva et al. 1999). Recently, it has been shown in
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vitro that Semax increases the survival of cerebellar gran-

ule cells under the conditions of glutamate neurotoxicity

(Storozhevykh et al. 2007). Intranasal administration of

Semax decreased the volume of photoinduced cortical

infarction in rats (Romanova et al. 2006). Although Semax

has been successfully used for some years for the clinical

treatment of stroke, brain hypoxia, and brain trauma

(Ashmarin et al. 1997; Gusev and Skvortsova 2002), the

molecular mechanisms of Semax’s action are still not

completely understood. It has been suggested that the

neuroprotective effects of Semax are related to neurotro-

phin gene expression: the rapid induction of Bdnf and Ngf

mRNAs in rat glial cell cultures has been observed after

Semax treatment (Shadrina et al. 2001). Subsequently, it

was demonstrated in vivo that Semax application increases

both protein and mRNA levels of Bdnf, and TrkB, and

mRNA level of Ngf in rat hippocampus (Dolotov et al.

2006; Agapova et al. 2007). At the same time, the studies

of Semax degradation in rat serum and its entry to the rat

brain (Potaman et al. 1991, 1993; Dolotov et al. 2004) and

the studies of self-maintained effects of PGP and other

proline-containing peptides (Lyapina et al. 2000; Samonina

et al. 2001; Zhuikova et al. 2003; Storozhevykh et al. 2007)

raise the question of whether C-terminal PGP tripeptide

contributes to the effects of Semax. Recently we reported

that both Semax and PGP affected the mRNA expression

of some growth factors and their receptor genes under

conditions of an experimental focal cerebral ischemia in

rats (Dmitrieva et al. 2008b). In this study, we investigated

the effect of Semax and PGP on expression of mRNAs

encoding neurotrophins in rats subjected to a permanent

middle cerebral artery occlusion (pMCAO). The Bdnf, Nt-

3, Ngf, TrkB, TrkC, and TrkA mRNA expression levels

were analyzed in the frontoparietal cortex from the rats

without occlusion, sham-operated rats and rats with

pMCAO 3, 24, and 72 h after treatment with saline, Se-

max, or PGP.

Materials and Methods

Animals

The animal experiments were performed in accordance

with the National Institute of Health’s Guide for the Care

and Use of Laboratory Animals (NIH Publ. no. 80-23,

revised 1996). Adult male Wistar rats (270–320 g) were

maintained under natural light with free access to food and

water. Animals were randomly divided into groups: con-

trols without surgery treated with saline (n = 15), controls

without surgery treated with Semax (n = 15), controls

without surgery treated with PGP (n = 15), sham-operated

controls treated with saline (n = 15), sham-operated

controls treated with Semax (n = 15), sham-operated

controls treated with PGP (n = 15), rats subjected to focal

cerebral ischemia and treated with saline (n = 17), rats

subjected to focal cerebral ischemia and treated with

Semax (n = 15), rats subjected to focal cerebral ischemia

and treated with PGP (n = 15). These groups were sub-

divided into groups treated for 3, 24, and 72 h, each of

which included at least five animals.

Focal Cerebral Ischemia

Focal cerebral ischemia was induced as previously

described (Dmitrieva et al. 2008a). The irreversible elec-

trical coagulation of the distal segment of the left middle

cerebral artery (pMCAO) was performed under anesthesia

with chloral hydrate (300 mg/kg). Sham-operated animals

underwent the same surgical procedure, except for the

arterial occlusion. All animals (controls without surgery,

sham-operated controls, and rats subjected to focal cerebral

ischemia) were administered intraperitoneal injections of

either saline, Semax (100 lg/kg), or PGP (37.5 lg/kg) at

15 min and 1 h; the group of 24 h received additional

injections at four and 8 h; the group of 72 h received

additional injections at 4, 8, 24, 28, 32, 48, 52, and 56 h.

The rats were decapitated under anesthesia with ethyl ether

three, 24, and 72 h after the operation, and the cortex tis-

sues of both hemispheres were removed and frozen in

liquid nitrogen.

RNA Extraction and cDNA Synthesis

Total RNA was isolated from tissue samples using guani-

dine thiocyanate (Chomczynski and Sacchi 1987). RNA

integrity was assessed by analyzing the ratio between

rRNA bands after agarose gel electrophoresis under dena-

turing conditions. RNA samples were stored at -70�C

under ethanol. Residual genomic DNA was removed from

the total RNA samples by treating with RNase-free DNase

I (MBI Fermentas, Vilnius, Lithuania) in accordance with

the supplier’s recommendations. RNA was then extracted

with a 1:1 phenol/chloroform mix and precipitated with

sodium acetate (3.0 M, pH 5.2). DNase I-treated total RNA

samples (5 lg) were taken for cDNA synthesis with an

oligo(dT)18 primer using a RevertAid First Strand cDNA

Synthesis Kit (MBI Fermentas) in accordance with the

manufacturer’s instructions.

RT-PCR and Real-Time PCR Quantitation

First-strand cDNA was used as a template for the poly-

merase chain reaction (PCR) with gene-specific primers.

Gene-specific primers were designed using OLIGO Primer

Analysis software (Wojciech and Piotr Rychlik copyright,
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version 6.31) (Table 1). Aliquots of the PCR products were

size-fractionated on silver-stained 6% PAAG as previously

described (Vladychenskaya et al. 2004). For real-time PCR

quantitation, equal amounts of cDNA were added to a set

of PCR with mastermix Buffer B SYBR Green I (Syntol,

Russia) and primers for glyceraldehyde-3-phosphate

dehydrogenase (Gapdh) as the internal control and genes

examined. Reactions were carried out on Mx3000P

(Stratagene, USA). The following real-time PCR protocol

was used for all genes: denaturation: 95�C for 10 min;

amplification and quantification repeated 40 cycles: of

95�C for 30 s, 64�C for 30 s, 72�C for 30 s with a single

fluorescence measurement; melting curve: 95�C for 1 min,

64�C for 30 s, 95�C for 30 s; cooling: down to 25�C.

Melting temperature analysis was used to verify the

appropriate PCR products. To determine crossing points

(CP) the default settings of Mx3000P software (Stratagene,

USA) were used.

The statistical significance of the differences in mRNA

expression of the examined genes between groups was

analyzed by a randomization test using the Relative

Expression Software Tool (REST�) (Pfaffl et al. 2002). This

software performs group-wise comparison and statistical

analysis of gene expression normalized by a reference gene.

The expression ratio is R ¼ E
DCP targetðmean control�mean sampleÞ
target.

E
DCP referenceðmean control�mean sampleÞ
ref ; where E is the effi-

ciency. Real-time PCR efficiencies were estimated by the

amplification of a standardized dilution series of cDNA

(three replicates) and calculated by REST�.

The results are expressed as a percentage of the rela-

tive expression level of control animals without surgery

treated with saline (100%) and presented as mean ± SE.

The statistically significant difference was accepted at

P \ 0.05.

Results

The transcription changes of neurotrophins and their

receptors genes expression pattern were analyzed in the

cortex of rats with occlusion where the damaged area was

localized and in the same cortex areas of sham-operated

rats and rats without surgery. A histological analysis

showed the damaged area was localized in the ipsilateral

frontoparietal cortex of the ischemic animals (Fig. 1;

Dmitrieva et al. 2008a).

Neurotrophin mRNA Expression in the Rat Brain

Following pMCAO

The expression of Bdnf mRNA in the cortex of ischemic

rats and in the cortex of sham-operated controls was

Table 1 Nucleotide sequence

and location of the primers

corresponding to rat genes

analyzed

Primer Sequence GenBank accession no. Location, nucleotides

Bdnf (F) 50-AGGCACTGGAACTCGCAATG-30 NM_012513 859–879

Bdnf (R) 50-TGTCTATCCTTATGAACCGCC-30 937–957

TrkB (F) 50-CACCAACCATCACATTTCTC-30 NM_012731 1520–1540

TrkB (R) 50-ATCTGTCTCTCGTCCTTCCC-30 1765–1785

Nt-3 (F) 50-GGAAGATTATGTGGGCAACC-30 NM_031073 681–701

Nt-3 (R) 50-GTGTCCCCGAATGTCAATGG-30 818–838

TrkC (F) 50-CATTGAGTTTGTGGTGCGTG-30 NM_019248 1011–1031

TrkC (R) 50-TAGTGGGTGGGCTTGTTGAA-30 1144–1164

Ngf (F) 50-AGATAGCAATGTCCCAGAGG-30 XM_001067130 1266–1276

Ngf (R) 50-ATTGGTTCAGCAGGGGCACT-30 1357–1377

TrkA (F) 50-GTCTCCTTCCCAGCCAGTGT-30 NM_021589 911–932

TrkA (R) 50-GGGTTGTCCATAAAGGCAGC-30 1175–1196

Gapdh (F) 50-TGCCATCAACGACCCCTTCA-30 NM_017008 936–955

Gapdh (R) 50-ACTCAGCACCAGCATCACCC-30 1104–1123

Fig. 1 Photomicrograph of an H&E-stained section of a rat brain

after 3 h pMCAO. A coronal rat brain section on the level -0.5 mm

from bregma. The dashed line indicates the damaged area involving

the entire cortical layer

Cell Mol Neurobiol (2010) 30:71–79 73

123



decreased 3 h after the operation compared with the con-

trols without surgery (Fig. 2). At the same time, no changes

in Nt-3 mRNA expression in the cortex of sham-operated

controls and rats with occlusion were observed. The

expression of Ngf mRNA in the cortex of ischemic rat

brains was increased 3 h after occlusion compared with the

sham-operated controls (Fig. 2).

Twenty-four hours after surgery, Bdnf mRNA expres-

sion in the cortex of sham-operated controls did not

significantly differ from the level of the controls without

surgery (Fig. 2). In ischemic rats, the expression of Bdnf

mRNA was more than double that of the sham-operated

controls and the controls without surgery. Twenty-four

hours after occlusion, mRNA expression in the cortex of

ischemic rats was decreased for Nt-3, but was increased for

Ngf compared with the controls without surgery.

Seventy-two hours after occlusion, the changes of

neurotrophin mRNA expression in ischemic rat brain

Fig. 2 Semax and PGP effects on expression of Bdnf, Ngf, and Nt-
3 transcripts in rat brain. Analysis of neurotrophin mRNA

expression in the cortex of rat brains 3, 24, and 72 h after

pMCAO. KC—cortex of control without surgery, LC—cortex of

sham-operated rats, iC—cortex of rats with occlusion. The expres-

sion was normalized by the reference gene Gapdh. The data are

expressed as percentage values relative to the expression level in

control animals without surgery treated with saline (100%) and

presented as mean ± SE. The significant differences (P \ 0.05) are

marked with a comparison: * time-matched control rats without

surgery treated with saline, # time-matched sham-operated control

treated with saline, a proper group (control without surgery, sham,

iC) after treatment with Semax, b proper group after treatment with

PGP
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were observed only for the Nt-3 gene: the Nt-3 tran-

scription level was increased in iC compared with the

sham-operated controls (Fig. 2). It should be noted that,

in the sham-operated controls 72 h after surgery, the

expression of Bdnf mRNA was increased compared with

the controls without surgery, but the increase was not

statistically significant.

Neurotrophin mRNA Expression in the Cortex of Rats

Treated with Semax

Under Semax treatment, the changes in Bdnf and Ngf

mRNA expression in the cortex of rats without surgery

were not observed at the time points used (Fig. 2). A

reduced level of Nt-3 mRNA expression in the cortex of

rats treated with Semax without surgery was observed at

24 h. In the cortex of sham-operated controls, Semax

treatment enhanced the expression of Bdnf mRNA 24 h

after surgery.

Semax treatment enhanced the expression of Bdnf

mRNA in the cortex of ischemic rats 3 h after occlusion

(Fig. 2). The changes of Nt-3 mRNA expression were

followed in an ischemic rat brain under Semax treatment

and an increase 24 h after occlusion and a decrease 72 h

after occlusion were observed. Semax treatment enhanced

the expression of Ngf mRNA in the cortex of ischemic rats

24 and 72 h after occlusion.

Neurotrophin mRNA Expression in the Cortex of Rats

Treated with PGP

A decreased level of Bdnf mRNA expression was observed

in the cortex of rats without surgery after 3 h of PGP

treatment compared with rats treated with saline (Fig. 2).

Changes in Nt-3 and Ngf mRNA expression in the cortex of

rats under PGP treatment without surgery were not

observed at the chosen time points. In the cortex of sham-

operated controls, PGP treatment enhanced the expression

of Bdnf mRNA 24 h after surgery and reduced it 72 h after

surgery. PGP treatment enhanced the expression of Nt-3

mRNA in the cortex of the sham-operated controls at 72 h.

Under PGP treatment, the expression of Ngf mRNA in the

cortex of sham-operated rats was reduced 3 and 72 h after

surgery.

Three hours after occlusion, PGP treatment enhanced

the expression of Bdnf mRNA in the cortex of ischemic rats

(Fig. 2). PGP did not influence the Nt-3 mRNA expression

in ischemic rat brains at the chosen time points. Twenty-

four hours after occlusion, PGP treatment enhanced the

expression of Ngf mRNA in the cortex of ischemic rats by

more than fourfold.

Neurotrophin Receptor mRNA Expression in the Rat

Brain Following pMCAO

The expression of TrkA mRNA in the cortex of ischemic

rats was decreased 3 h after occlusion compared with the

sham-operated controls (Fig. 3). Twenty-four hours after

occlusion, TrkA mRNA expression in the cortex of ische-

mic rat brains was increased compared with the sham-

operated controls and controls without surgery. It should be

noted that, in the sham-operated control rats 72 h after the

operation, the expression of TrkA mRNA was significantly

decreased compared with the controls without surgery. The

expression of TrkB and TrkC mRNA in the cortex of

ischemic rat brains was decreased 24 h after occlusion

compared with the sham-operated controls and controls

without surgery (Fig. 3).

Neurotrophin Receptor mRNA Expression

in the Cortex of Rats Treated with Semax

An influence of Semax treatment on TrkB, TrkC, and TrkA

gene expression in the cortex of rats without surgery was

not observed (Fig. 3). Reduced expression of TrkB and

TrkA mRNA in the cortex of sham-operated controls was

observed under Semax treatment 3 h after surgery. Semax

treatment increased the expression of TrkC and TrkA

mRNA in iC 3 h after occlusion.

Neurotrophin Receptor mRNA Expression

in the Cortex of Rats Treated with PGP

Under PGP treatment, an increased level of TrkB and TrkA

gene expression in the cortex of rats without surgery was

observed at 3 h (Fig. 3). Changes of TrkC mRNA expres-

sion in the cortex of rats without surgery under PGP treat-

ment were not observed at the chosen time points. TrkB

gene expression in the cortex of sham-operated rats was

increased under PGP treatment 72 h after the operation.

Twenty-four hours after surgery, PGP treatment reduced

TrkC gene expression in the cortex of sham-operated rats

but it enhanced the expression of the TrkA gene.

Under PGP treatment, an increase in TrkB mRNA

expression in the cortex of ischemic rats was observed 24 h

after occlusion (Fig. 3). PGP treatment enhanced the

expression of TrkC mRNA in iC 3 h after occlusion.

Twenty-four hours after occlusion, the level of TrkC

mRNA in iC remained increased under PGP treatment, but

72 h after occlusion, it was decreased. The expression of

TrkA mRNA in the cortex of ischemic rat brains was sig-

nificantly increased under PGP treatment 24 h after

occlusion. Here, in the iC of PGP-treated rats, the level of

TrkA mRNA was more than fourfold greater than in rats

treated with saline.
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Discussion

Thus far, a growing amount of data supports the hypothesis

that neurotrophins constitute a neuroprotective mechanism

in brain ischemia (Kim et al. 2005; Wu 2005; Zhang et al.

2008). Neuroprotective functions of neurotrophins were

confirmed in the models of focal cerebral ischemia in rats

(Schabitz et al. 1997; Zhang and Pardridge 2001; Ferrer

et al. 2001). Considering the influence of Semax on the

expression of neurotrophins and their receptors revealed in

cell cultures and in the hippocampi of intact rats, it has

been assumed that the neuroprotective effect observed in

Semax stroke therapy could also be related to the neuro-

trophic factors and their receptors.

It is well documented that the expression of neurotro-

phins and their receptors is affected by cerebral ischemia

(Gusev and Skvortsova 2002). In our study, the transcrip-

tion of neurotrophins was also altered in the ischemic

cortex of rats subjected to pMCAO. With regard to the

similar decrease in Bdnf transcription in the cortex of

sham-operated rats registered 3 h after surgery, it could be

supposed that this downregulation of Bdnf transcription in

Fig. 3 Semax and PGP effects on the expression of TrkB, TrkC, and

TrkA transcripts in a rat brain. An analysis of neurotrophin receptors

mRNA expression in the cortex of rat brains 3, 24, and 72 h after

pMCAO. KC—cortex of control without surgery, LC—cortex of

sham-operated rats, iC—cortex of rats with occlusion. The expression

was normalized by the reference gene Gapdh. The data are expressed

as percentage values relative to the expression level in control animals

without surgery treated with saline (100%) and presented as

mean ± SE. The significant differences (P \ 0.05) are marked with

a comparison: * time-matched control rats without surgery treated

with saline, # time-matched sham-operated control treated with

saline, a proper group (control without surgery, sham, iC) after

treatment with Semax, b proper group after treatment with PGP
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the cortical tissues is related to surgical stress, including

narcosis. The upregulation of Bdnf transcription in the

ischemic cortex, including the damaged area and peri-

infarction zone, was shown in our study to correspond with

other evidence (Kokaia et al. 1995; Ferrer et al. 2001; Pera

et al. 2005; Kim et al. 2005). The transcription of Nt-3 in

the ischemic cortex was altered in a manner similar to that

observed for Bdnf but in a later period (decrease—at 24 h,

increase—at 72 h). Unlike the decrease in Bdnf, the

downregulation of Nt-3 transcription could not be related to

surgical stress. This downregulation of Nt-3 transcription

following cerebral ischemia was confirmed by other evi-

dence (Lindvall et al. 1992). In our study, the transcription

of Ngf was increased during the first day. Consistent with

the data presented by Cui et al. (1999) and Lindvall et al.

(1992), our results also show an early increase in Ngf

transcription followed by its complete recovery 72 h after

occlusion.

In our study, we did not observe any increase in TrkB

transcription at the earliest time point (3 h) reported in the

other studies (Majda et al. 2001; Kokaia et al. 1995).

Moreover, the transcription of TrkB and TrkC was down-

regulated 24 h after surgery in the ischemic cortex of rats

with occlusion. After transient focal cerebral ischemia in

rats, Lee et al. (1998) observed the induction of TrkA

expression in the ischemic cortex when Ngf expression was

depressed. In our study, the Ngf and TrkA mRNA expres-

sion profiles had inverse features: the upregulation of Ngf

transcription was accompanied by a decrease in TrkA

transcription. Thus, we observed that under ischemic con-

ditions the transcription upregulation of neurotrophins

investigated was accompanied by the transcription down-

regulation of their high-affinity receptors registered at the

same time point (Bdnf and TrkB, Ngf and TrkA) or earlier

(Nt-3 and TrkC). Because neurotrophins regulate neuronal

survival by interacting with their high-affinity receptors,

the coexpression of neurotrophins and these Trk receptors

is thought to be an underlying factor of neuroprotection.

Indeed, the induction of neurotrophin receptors expression

after an ischemic injury may play an important role in

regulating the responsiveness of ischemic neurons to neu-

rotrophins for survival. Thus, despite the neurotrophin

transcription induction registered in the ischemic cortex,

the cells localized in this area have a slim chance of

survival because of the decreased neurotrophin receptor

transcription.

Previously, Dolotov et al. (2006) did not reveal any

influence of Semax on Bdnf transcription in the cortex of

intact rats, and the decrease in Ngf transcription was regis-

tered by Agapova et al. (2007). Indeed, despite the different

type of infusion and time points used in our study, similar

features were observed as a result of the influence of Semax:

in the cortex of rats without surgery Semax did not show any

effect on the expression of Bdnf and Ngf and their receptors

and inhibited the transcription of Nt-3. Similar to Semax, the

PGP treatment of intact rats also caused the downregulation

of neurotrophin transcription (Bdnf) in the cortex. At the

same time, in contrast to Semax, PGP stimulated the tran-

scription of neurotrophin receptors (TrkB, TrkA) in the

cortex of the intact adult rat brain.

Taking into account that surgery, including narcosis,

causes severe stress, we assessed the effects of Semax and

PGP on mRNA expression of neurotrophins and their

receptors in rat brain subjected to a sham operation. The

comparison the effects of Semax and PGP in rats without

surgery and in sham-operated rats led to the conclusion

that, under the conditions of surgical stress, both peptides

affected more genes and for a longer period. The only same

effect of Semax and PGP was observed in the cortex of

sham-operated rats: the upregulation of Bdnf mRNA

expression at 24 h. Semax treatment in sham-operated rats

inhibited the transcription of neurotrophin receptors (TrkB,

TrkA) in the cortex after 3 h. The influence of PGP on the

transcription of neurotrophins and their receptors in the

cortex of rats subjected to surgical stress had modulating

features and was mostly observed at 24 and 72 h after sham

surgery.

Under Semax treatment the transcription of neurotro-

phins and their receptors was upregulated in the ischemic

cortex of rats with occlusion: the levels of Bdnf, TrkA, and

TrkC mRNA at 3 h, and the levels of Nt-3 and Ngf mRNA

at 24 h. Later, at 72 h, Semax treatment promoted an

increase in Ngf transcription in the ischemic cortex, but the

level of Nt-3 was decreased. Considering the trends of gene

transcription investigated in rats with occlusion treated

with saline, it could be concluded that Semax treatment

promoted the earlier upregulation of Bdnf, TrkC, and TrkA,

and prevented the decrease in Nt-3 and Ngf transcription.

Thus, Semax contributes to the survival of ischemic cells

by enhancing the transcription not only of neurotrophins,

but also of their high-affinity receptors. Here, it could be

supposed that the success of urgent Semax therapy for

stroke is mostly accounted for by the early upregulation of

the transcription neurotrophins and their receptors.

Same as under the Semax treatment, the expression of

Bdnf, TrkC and Ngf mRNAs was elevated in the ischemic

cortex after 3 and 24 h of PGP treatment, respectively.

However, PGP treatment for 24 h, in contrast to Semax,

additionally enhanced the transcription of neurotrophin

receptors genes (TrkB, TrkC, TrkA) in the ischemic cortex.

In conclusion, Semax and PGP showed an activating

influence on the expression of the system of neurotrophins

and their receptors that promotes cell neuroprotection and

survival in neural tissue after cerebral ischemia. This

activating influence was mostly observed 3 and 24 h after

the ischemic attack when the cells in the penumbra still
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retained their functional activity and were able to survive

(Lipton 1999; Lu et al. 2003). Semax and PGP effects on

the expression of genes investigated only partly overlap

and have special characteristics of selectivity and extensity.

It seems that treatment with Semax leads to changes in the

transcription of neurotrophins and their receptors specifi-

cally in the ischemic rat cortex, whereas the influence of

PGP was mainly unspecific and more broadly affected gene

activity in rats without surgery, sham-operated rats and rats

subjected to pMCAO. It should be mentioned that Semax

undergoes rapid enzymatic degradation resulting in a

mixture of different derivative peptides (Shevchenko et al.

2006). PGP was predominant in the brain tissues 1 h after

the Semax intranasal injection. From the similar effects of

Semax and PGP observed in our study, it could be sup-

posed that some Semax effects were mediated by the PGP

component that appeared during Semax degradation. In

addition, it has been previously reported that the Semax

and PGP effects on the transcription of growth factors and

their receptor genes also only partially overlapped

(Dmitrieva et al. 2008b). Hence, Semax and PGP probably

alter the transcription of neurotrophins and their receptors

by their own mechanisms. The success of Semax stroke

therapy observed in clinical reports could be related to the

activating effects of Semax on the transcription of neuro-

trophins and their receptor genes as observed in the

ischemic cortex of rats following middle cerebral artery

occlusion. Our findings suggest that Semax probably has a

specific target, which activates the mechanisms of neural

maintenance and plasticity under ischemic conditions.
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