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INTRODUCTION

Numerous studies showed that ACTH/MSH-like
peptides melanocortins exhibit a broad spectrum of
physiological activity. Peptides of this class affect the
processes of learning and memory, have neuroprotec-
tive and neurotrophic effects, influence foraging behav-
ior and thermoregulation, and modulate pain sensitivity
and immune response in inflammation (Starowicz,
Przewlocka, 2003). Melanocortins have a pronounced
effect on human and animal behavior. These peptides
enable learning by affecting the perception of environ-
ment, attention, motivation, arousal level, and possibly
by directly affecting the memory trace consolidation.
The behavioral effects of melanocortins are not related
to their hormonal activity and result from their direct
action on the central nervous system (Kovacs and De
Wied, 1994; De Wied, 1997). The nootropic activity of
ACTH is determined by the N-terminal region of the
hormone molecule. The ACTH

 

4–10

 

 fragment, which has
practically no endocrine effects, completely retains the
behavioral activity characteristic of the entire hormone
(De Wied and Jolles, 1975). Studies of the structure–
activity dependence showed that the shortest ACTH
fragment retaining the prototype nootropic effects is
ACTH

 

4–7

 

, Met–Glu–His–Phe (Greven and De Wied,
1967; Fekete and De Wied, 1982). The fragments
ACTH

 

5–10

 

 and ACTH

 

5–16

 

 also have a pronounced effect
on CNS (Vinogradov 

 

et al

 

., 1980; De Wied 

 

et al

 

.,
1975). Therefore, the presence of the sequence ACTH

 

5–7

 

(Glu–His–Phe) in the peptide structure is sufficient for
retaining the nootropic activity of ACTH fragments.

The absence of behavioral activity in this fragment may
be attributed to its rapid enzymatic degradation.

Nootropic effects of natural ACTH fragments are
short-term—at most 30–60 min in the case of the most
active fragment ACTH

 

4–10

 

 (Ashmarin 

 

et al

 

., 1997). For
this reason, many researchers attempted to increase the
efficiency of melanocortins by modifying the natural
peptides. As a result, melanocortin analogs devoid of
hormonal effects and exhibiting a pronounced neuro-
tropic activity were obtained. One of possible ways to
enhance the efficacy of regulatory peptides is to intro-
duce D-amino acid residues into their structure, which
increases the resistance of peptides to proteases. A
group of Dutch researchers headed by De Wied synthe-
sized an analog of the ACTH

 

4–9

 

 fragment, ORG 2766
(Met(O

 

2

 

)–Glu–His–Phe–DLys–Phe), whose activity
considerably exceeded the activity of natural ACTH
fragments (Wolterink 

 

et al

 

., 1991; De Wied, 1997).
However, a study of behavioral activity of this analog
showed that an increase in the dose of this peptide
reversed its effects: administration of ORG 2766 dis-
turbed the display of passive avoidance skills (Fekete
and De Wied, 1982). Thus, the introduction of unnatu-
ral amino acids into the peptide sequences can intro-
duce biological properties that are not characteristic of
the prototype. Another way to increase the efficacy of
peptides was used at the Institute of Molecular Genet-
ics, Russian Academy of Sciences, and at the Biologi-
cal Faculty, Moscow State University, where ACTH

 

4–10

 

analogs containing proline-rich C-terminal sequences
were synthesized and studied. The study of physiologi-
cal activity of these analogs showed that such a modifi-
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Abstract

 

—A comparative study of nootropic activity of semax (MEHFPGP), an analog of ACTH

 

4–10

 

, and
some of its derivatives, in which the N-terminal methionine was modified or substituted with other amino acid
residues, was performed. The effect of these peptides on learning of albino rats in tests with positive (food) and
negative (pain) reinforcement was studied. In the case of modification of methionine by attachment of the glu-
conic-acid residue or substitution of methionine with lysine, the nootropic effect of the peptide was retained.
The substitution of methionine with tryptophan or serine resulted in a decrease in the nootropic activity. The
substitution of methionine with glycine, threonine, or alanine caused a complete loss of the nootropic activity
of the peptide. Therefore, the amino acid residue located at position 

 

1

 

 of the heptapeptide analog semax, plays
a key role in retaining the nootropic effects of the peptide and determines the degree of their expression.
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cation of the C-terminal region of the molecule
increases the duration of behavioral effects of the pep-
tide (Ashmarin 

 

et al

 

., 1997). The most pronounced and
long-term effect was exerted by the ACTH

 

4–10

 

 analog
Met–Glu–His–Phe–Pro–Gly–Pro, which was termed
semax (Ashmarin 

 

et al

 

., 1995). This peptide had no
hormonal effects but retained the whole spectrum of
behavioral activity of natural ACTH fragments, with its
effect lasting for 20–24 h. It was shown that semax is
significantly more resistant to cleavage by human blood
serum proteases than ACTH

 

4–10

 

 (Potaman 

 

et al

 

., 1991,
1993). It was concluded that the attachment of the Pro–
Gly–Pro sequence to the C-terminus of the ACTH

 

4–7

 

fragment prolongs the effects of the peptide by making
it more resistant to proteases. Studies of proteolytic
cleavage of ACTH

 

4–10

 

 and semax showed that degrada-
tion of these peptides by human blood serum proteases
is accompanied by cleavage of the N-terminal methion-
ine. However, the natural fragment rapidly undergoes
further degradation to individual amino acids, whereas
semax forms a sufficiently stable intermediate product
Glu–His–Phe–Pro–Gly–Pro (Potaman et al., 1991). A
study of the behavioral activity of this peptide showed
that its administration improves learning of animals in
tests with different reinforcement signs. Furthermore, a
comparison of the activity of this hexapeptide and
semax showed that the hexapeptide injected at a dose of
0.05 mg/kg 15 min before learning session improves
learning of animals more effectively than semax (Gla-
zova 

 

et al

 

., 1999).

In most cases, synthetic analogs of ACTH fragments
with a pronounced nootropic effect, which were
designed both by Russian and foreign scientists, con-
tain native N-terminal sequence Met–Glu–His–Phe.
Different modifications of the molecule consist in
changing the C-terminal region of ACTH

 

4–10

 

 or
ACTH

 

4–9

 

. Semax, ORG 2766, Ebiratide, and ORG
31433 are examples of compounds obtained as a result
of such modifications (Ashmarin 

 

et al

 

., 1997; Wolter-
ink et al., 1991). The presence of nootropic activity in
the fragments ACTH

 

5–10

 

 and ACTH

 

5–16

 

 (De Wied et al.,
1975; Vinogradov 

 

et al

 

., 1980), as well as in the trun-
cated semax analog Glu–His–Phe–Pro–Gly–Pro (Gla-
zova 

 

et al

 

., 1999) indicates that methionine is not essen-
tial for retaining the nootropic effect of the peptides.
However, it remained unclear whether the N-terminal
amino acid residue in the ACTH

 

4–10

 

 fragment and its
analogs plays solely a protective role or a substitution
at this position will affect the activity of peptides. In
view of this, the goal of this work was to study the neu-
rotropic activity of some semax analogs, in which the
N-terminal methionine is modified or substituted with
other amino acid residues, and to compare the nootro-
pic effects of these peptides with those of semax. Mod-
ification of the N-terminal methionine residue con-
sisted in attachment of the gluconic-acid residue; such
a substitution might be expected to increase the ability
of the peptide to penetrate the blood-brain barrier. The

selection of amino acids used to substitute for methion-
ine was determined by the ratio between the frequency
of occurrence of the given amino acid residue at the N-
terminus of physiologically active peptides and the pro-
portion of this amino acid residue in proteins. This
index to some extent reflects the resistance of these
amino acid residues to proteolysis with N-terminal pro-
teases. The proportion of amino acid residues in pro-
teins was estimated using the SWISS-Prot(33)02/96
databank of amino acid sequences, and the frequency of
occurrence of the amino acid residue at the N-terminus
of physiologically active peptides was estimated using
the databank of physiologically active peptides
(Zamyatin, 2003).

MATERIALS AND METHODS

Experiments were performed with male outbred
albino rats weighing 200–250 g. Animals were kept
under standard conditions in a vivarium and were given
food and water 

 

ad libitum.

 

 Experiments were per-
formed from 11 a.m. to 4 p.m. Nootropic activity of the
following semax analogs was studied:

 

—

 

Lys

 

-

 

Glu

 

-

 

His

 

-

 

Phe

 

-

 

Pro

 

-

 

Gly

 

-

 

Pro 

 

(

 

KEHFPGP

 

),
—

 

Ser

 

-

 

Glu

 

-

 

His

 

-

 

Phe

 

-

 

Pro

 

-

 

Gly

 

-

 

Pro 

 

(

 

SEHFPGP

 

),
—

 

Trp

 

-

 

Glu

 

-

 

His

 

-

 

Phe

 

-

 

Pro

 

-

 

Gly

 

-

 

Pro 

 

(

 

WEHFPGP

 

), 
—

 

Ala

 

-

 

Glu

 

-

 

His

 

-

 

Phe

 

-

 

Pro

 

-

 

Gly

 

-

 

Pro 

 

(

 

AEHFPGP

 

), 
—

 

Gly

 

-

 

Glu

 

-

 

His

 

-

 

Phe

 

-

 

Pro

 

-

 

Gly

 

-

 

Pro 

 

(

 

GEHFPGP

 

), 
—

 

Thr

 

-

 

Glu

 

-

 

His

 

-

 

Phe

 

-

 

Pro

 

-

 

Gly

 

-

 

Pro 

 

(

 

TEHFPGP

 

) 

 

and

 

—

 

rMet

 

-

 

Glu

 

-

 

His

 

-

 

Phe

 

-

 

Pro

 

-

 

Gly

 

-

 

Pro (rMEHFPGP,
where r is a gluconic-acid residue).

All samples were synthesized at the Institute of
Molecular Genetics, Russian Academy of Sciences.
Aqueous solutions of peptides were injected intraperi-
toneally at a dose of 0.05 mg/kg (1 ml/kg) 15 min
before the beginning of experiment. The control ani-
mals were injected with an equal volume of distilled
water. Semax (

 

Met

 

–Glu–His–Phe–Pro–Gly–Pro)
injected at the same doses and on the same terms than
the peptides of interest was used as a reference com-
pound. Each experimental group consisted of 16–18
animals.

The effect of peptides on animals’ learning was
studied in tests with different signs of reinforcement
stimuli. The development of a conditioned foraging
reflex for a place in the T-maze was used as a model of
positive (food) reinforcement. Before experiment, ani-
mals were deprived of food for 24 h. On the first day of
experiment, rats were placed in a maze for 20 min to
suppress orientation and exploratory activity. In subse-
quent four days, animals were placed in a maze for at
most 3 min five times a day. In the days of experiments,
rats were fed once a day 1 h after learning. Samples
were injected daily. In the course of experiment, we
daily recorded the number of performed responses, the
latent period (the time required to get from the start
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compartment), and the number of mistakes (the number
of comings into the nonreinforced compartment). In
addition, we calculated the mean latent period during
the entire learning period, the total number of per-
formed responses, and the total number of mistakes
made during the entire experiment.

The model of learning with the use of negative
(pain) reinforcement was based on the development of
a conditioned active-avoidance reflex (CAAR) of an
pain stimulus. Learning was performed in a chamber
with a lattice floor, in the corner of which was a shelf at
a height of 25 cm. Electric current was applied to the
floor of the chamber. During four days each animal
received ten combinations of conditioned (electric bell
sound) and unconditioned (pain stimulation with elec-
tric current) stimuli. Jumps on the floor were condi-
tioned responses. During experiment we recorded daily
the number of performed responses (i.e., the number of
avoidances of the pain stimulus in response to the con-
ditioned signal). In addition, the total number of
responses performed during the entire learning period
was counted.

The data obtained were processed statistically, and
the mean values and standard deviations of data arrays
were determined. Characteristics of data arrays were
compared using both parametric (ANOVA) and non-
parametric (Wilcoxon–Mann–Whitney’s and Fisher’s)
tests. The results are summarized in table and are
shown in figures as mean 

 

±

 

 SEM.

RESULTS AND DISCUSSION

In the first series of experiments, we studied the
effects of the peptide KEHFPGP, an analog of semax in
which methionine was substituted with lysine. The
study of the effect of this peptide on the development of
foraging reflex for a place in the T-maze showed that
administration of KEHFPGP daily 15 min before learn-
ing session significantly decreased the number of
wrong responses on the second and fourth day and the
total number of mistakes made during the entire learn-
ing period compared to the control. Differences from
the control were more pronounced in the group of ani-
mals that received semax: the number of responses per-
formed on the second day of learning and the total num-
ber of performed responses considerably increased; the
latent period on the second day and the mean latent
period during the entire learning period decreased; and
the number of mistakes made on the second day and the
total number of mistakes decreased as well (Fig. 1;
table). When studying the effect of peptides on learning
with negative reinforcement, we discovered that daily
injections of KEHFPGP 15 min before learning session
significantly increased the number of responses per-
formed in the first three days of learning and the total
number of responses. In the group of rats that received
semax injections, a significant increase in the total
number of performed responses was observed (Fig. 2;
table). However, no significant differences between the
groups of rats that received KEHFPGP and semax were
found.

 

Effect of semax and its analogs on the development of foraging reflex for a place in the T-maze and conditioned active-avoid-
ance reflex (CAAR) of pain stimulus

Group

T-maze CAAR

total number of per-
formed responses

average latent period
of response

total number
of mistakes

total number of per-
formed responses

Control 1 12.3 

 

±

 

 1.3 17.6 

 

±

 

 2.5 4.9 

 

±

 

 0.3 27.9 

 

±

 

 1.1

Semax 1 14.9 

 

±

 

 1.5* 11.0 

 

±

 

 1.9* 3.7 ± 0.5** 29.9 ± 1.2*

KEHFPGP 13.3 ± 1.4 15.2 ± 3.2 3.2 ± 0.3*** 32.1 ± 0.7**

Control 2 14.6 ± 1.4 32.1 ± 9.4 4.9 ± 0.7 24.1 ± 1.7

Semax 2 18.3 ± 0.8* 13.1 ± 3.1* 2.4 ± 0.3** 30.0 ± 1.2**

rMEFPGP 15.4 ± 1.2# 12.0 ± 2.0* 2.1 ± 0.4** 29.4 ± 0.9**

WEHFPGP 15.4 ± 1.0# 37.3 ± 7.1## 4.1 ± 0.6# 27.6 ± 1.6*

SEHFPGP 17.8 ± 0.9* 14.4 ± 4.1* 4.8 ± 0.8 25.0 ± 1.4##

Control 3 16.4 ± 0.8 23.3 ± 5.5 3.3 ± 0.4 31.1 ± 1.5

Semax 3 19.2 ± 0.4** 10.2 ± 3.4* 2.9 ± 0.5 31.9 ± 0.8

GEHFPGP 15.7 ± 0.9### 19.3 ± 5.0# 4.3 ± 0.6## 29.1 ± 1.4#

TEHFPGP 15.6 ± 1.1## 23.8 ± 5.8# 2.9 ± 0.4 30.7 ± 0.7

AEHFPGP 15.6 ± 1.4# 30.7 ± 8.6# 3.5 ± 0.4 28.8 ± 1.3#

Differences from the control significant at  * p < 0.05, ** p < 0.01, and *** p < 0.001 are shown with one, two, and three asterisks, respectively;
differences from the group of rats that received semax significant at # p < 0.05, ## p < 0.01, and ### p < 0.001 are shown with one, two, and
three pound signs, respectively.



384

BIOLOGY BULLETIN      Vol. 32      No. 4      2005

GLAZOVA et al.

In the next series of experiments, we studied nootro-
pic effects of semax analogs in which the methionine
residue was either modified by attachment of the glu-
conic-acid residue (rMEHFPGP) or substituted with
the tryptophan or serine residues. Experiments showed
that injection of rMEHFPGP at the specified dose
15 min before learning session led to a significant
decrease in the latent period in the first and second days
of learning and in the mean latent period during the
entire learning period compared to the control. In addi-
tion, the number of mistakes made by the rats of this
group during the first three days of learning and the
total number of mistakes significantly decreased (Fig.
3; table). Injection of semax in this experiment caused
a significant increase in the number of performed
responses in the first three days of learning and the total
number of performed responses, whereas the latent
period on the second day of learning and the mean
latent period decrease, and the number of mistakes
made in the first three days of learning and the total
number of mistakes decreased as well. In the group of
rats injected with rMEHFPGP, the total number of per-
formed responses and the number of responses per-

formed in the first and second days of learning was sig-
nificantly lower than in the group of rats that received
semax (Fig. 3; table). A study of the effect of peptides
on the development of conditioned active-avoidance
reflex showed that the injection of both rMEHFPGP
and semax led to a significant increase in the number of
responses performed on days 2–4 of learning and the
total number of performed responses (Fig. 4; table).

Injections of WEHFPGP, a semax analog containing
the tryptophan residue at position 1, did not cause sig-
nificant changes in the learning of rats in T-maze com-
pared to the control. Note that all the parameters
recorded in this group of rats were considerably worse
than in the rats that received semax (see table; as the
volume of this article is limited, we will not present
below the data on the changes in the parameters of
learning animals). However, WEHFPGP was effective
in the case of learning with negative reinforcement: the
total number of performed responses in the group of
animals that were administered with this peptide was
significantly higher than in the control and did not dif-
fer from the value recorded in rats that received semax.
An opposite picture was observed when methionine
was substituted with serine. Injections of the peptide
SEHFPGP significantly improved the parameters of
learning in the T-maze compared to the control and had
no effect on the development of CAAR. In the first
case, no significant differences from the group of rats
that received semax were recorded; in the second case,
the total number of performed responses in the group of
animals that received SEHFPGP was significantly
lower than in the group that received semax (table).

In the next series of experiments, we studied the
nootropic effect of semax analogs in which methionine
was substituted with glycine (GEHFPGP), threonine
(TEHFPGP), or alanine (AEHFPGP). It was found that
injections of semax significantly increased the number
of performed responses and decreased the latent period
when rats were learned in the T-maze. Injections of
GEHFPGP, TEHFPGP, and AEHFPGP did not cause
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Fig. 1. Effect of semax and its analog KEHFPGP on the
development of foraging reflex for a place in a T-maze:
(1) control; (2) semax, (3) KEHFPGP. Peptides were
injected daily intraperitoneally, 15 min before learning ses-
sion. Abscissa shows days of learning, and ordinate shows
(a) the number of performed responses, (b) latent period,
and (c) the number of mistakes. Designations: differences
from the control significant at p < 0/05 are shown with aster-
isk, and differences from the group of animals that were
administered with semax significant at p < 0.05 are shown
with the pound sign (for Figs. 1–4).
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Fig. 2. Effect of semax and its analog KEHFPGP on the
development of the conditioned active-avoidance reflex:
(1) control, (2) semax, and (3) KEHFPGP. Peptides were
injected daily intraperitoneally, 15 min before learning ses-
sion. Abscissa shows days of learning, and ordinate shows
the number of performed responses. For designations, see
Fig. 1.
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significant changes in these parameters relative to the
control. Note that learning indices in the groups of ani-
mals that received the peptides specified were consider-
ably worse than in the group of rats that were adminis-
tered with semax. In this series of experiments, we
recorded no significant changes in the parameters of
learning in the CAAR test upon semax administration,
which was probably related to a very high level of
learning of the control animals. The peptides GEHF-
PGP, TEHFPGP, and AEHFPGP also did not cause sig-
nificant changes in the learning parameters in this test
compared to the control. The total number of responses
performed by the rats that were administered with
GEHFPGP or AEHFPGP was significantly lower than
in the group of animals that were administered with
semax (table).

Thus, the results of experiments showed that, in the
case of modification of the N-terminal methionine in
semax by attachment of the gluconic-acid residue or the
substitution of methionine with lysine, the nootropic
effect of the peptide was largely retained: the semax
analogs had positive effects in learning tests with both
positive and negative reinforcement. The substitution
of methionine with tryptophan or serine decreased the
nootropic activity of the peptides: they effectively
improved learning only in one experimental model; i.e.,
the spectrum of their nootropic activity narrowed. The

substitution of methionine with glycine, threonine, or
alanine resulted in a complete loss of the nootropic
activity of the peptide.

The results of this study indicate that the amino acid
residue located at position 1 in the heptapeptide analog
of semax plays a key role in retaining and manifestation
of its neurotropic effects. Earlier we showed that the
hexapeptide EHFPGP, an analog of semax which lacks
the N-terminal methionine residues, retains a high noo-
tropic activity (Glazova et al., 1999). In addition, we
discovered that the pentapeptide HFPGP, the product of
further proteolytic cleavage of semax, also exhibited
neurotropic effects, whereas a shorter fragment FPGP
was inactive (Levitskaya et al., 2000). It can be
assumed that the effects observed after semax injec-
tions may be the result of action of both the original
heptapeptide and its derivatives. Similar conclusions
were made when studying the mechanisms underlying
the reversion of behavioral effects of the ACTH4–9 ana-
log ORG 2766. It was shown that the degradation of
this peptide is performed predominantly by endopepti-
dases yielding tetra-, tri-, and dipeptides (Verhoef and
Witter, 1976). The study of nootropic effects of ORG
2766 degradation products showed that the N-terminal
tetrapeptide exhibited a pronounced activity, whereas
the N-terminal tripeptide was inactive. The C-terminal
tripeptide, Phe–DLys–Phe, did not exhibit nootropic
activity at low doses, and increased doses of this tripep-
tide disturbed the reproduction of the passive-avoid-
ance reflex. Thus, the positive nootropic effect of ORG
2766 is related to its N-terminal region, whereas dis-
turbed learning is related to the C-terminal tripeptide
(Fekete and De Wied, 1982). In the case of semax, the
presence of neurotropic activity in the products of
enzymatic degradation may largely ensure a prolonged
effect of the original heptapeptide (Levitskaya et al.,
2000). We assumed that modification of the N-terminal
region of the semax molecule may affect the rate and

#

*
*

#

*

*

*

*

**

**

*

*

**

**1 day2 3 4

1

1

1

(a)

1

0

2

3

2

3

0

15

30

45

60

2

3

(b)
2

3

4

5

3

2

(c)

Fig. 3. Effect of semax and its analog rMEHFPGP on the
development of foraging reflex for a place in a T-maze:
(1) control; (2) semax, and (3) rMEHFPGP. Peptides were
injected daily intraperitoneally, 15 min before learning ses-
sion. For designations, see Fig. 1.
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Fig. 4. Effect of semax and its analog rMEHFPGP on the
development of the conditioned active-avoidance reflex:
(1) control, (2) semax, and (3) rMEHFPGP. Peptides were
injected daily intraperitoneally, 15 min before learning ses-
sion. Abscissa shows days of learning, and ordinate shows
the number of performed responses. For designations, see
Fig. 1.
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pathways of proteolytic degradation of the peptide. The
major enzymes that catalyze semax degradation in
blood serum are aminopeptidases. The contribution of
carboxy- and endopeptidases is not high (Potaman et
al., 1991). However, in the case of modified peptides,
the contribution of these enzymes may change. For
example, the involvement of endopeptidases in the deg-
radation of ORG 2766 can be assumed (Verhoef and
Witter, 1976). In this case, peptides may rapidly
undergo degradation to yield low-active or inactive
(e.g., FPGP) fragments, which will lead to a decrease or
complete loss of neurotropic activity.

ACKNOWLEDGMENTS

This study was supported by the Program for Basic
Research of the Presidium of the Russian Academy of
Sciences “Molecular and Cell Biology” and by the Rus-
sian Foundation for Basic Research (project no. 04-04-
48511).

REFERENCES

Ashmarin, I.P., Nezavibatko, V.N., Levitskaya, N.G.,
Koshelev, V.B., and Kamensky, A.A., Design and Investiga-
tion of An ACTH4–10 Analog Lacking D-Amino Acids and
Hydrophobic Radicals, Neurosci. Res. Commun., 1995,
vol. 16, no. 2, pp. 105–112.

Ashmarin, I.P., Nezavibat’ko, V.N., Myasoedov, N.F.,
Kamenskii, A.A., Grivennikov, I.A., Ponomareva-Step-
naya, M.A., Andreeva, L.A., Kaplan, A.Ya., Koshelev, V.B.,
and Ryasina, T.V., Nootropnyi analog adrenokortikotropina
4–10—semaks (15-letnii opyt razrabotki i izucheniya) (Noo-
tropic Analog of Adrenocorticotropic Hormone 4–10,
Semax: Fifteen-year Experience of Development and Study),
Zh. Vyssh. Nerv. Deyat., 1997, vol. 47, pp. 426–436.

De Wied, D., Neuropeptides in Learning and Memory Pro-
cesses, Behav. Brain Res., 1997, vol. 83, pp. 83–90.

De Wied, D. and Jolles, J., Neuropeptides Derived from
Proopiocortin: Behavioral, Physiological, and Neurochemi-
cal Effects, Physiol. Rev., 1982, vol. 62, pp. 976–1059.

De Wied, D., Witter, A., and Greven, H.M., Commentary:
Behaviourally Active ACTH Analogues, Biochem. Pharma-
col., 1975, vol. 24, pp. 1463–1468.

Fekete, M. and De Wied, D., Naltrexone-Insensitive Facilita-
tion and Naltrexone-Sensitive Inhibition of Passive Avoid-
ance Behavior of the ACTH4–9 Analog (ORG 2766) Are
Located in Two Different Parts of the Molecule, Eur. J. Phar-
macol., 1982, vol. 81, pp. 442–448.

Glazova, N.Yu., Levitskaya, N.G., Andreeva, L.A., Kamen-
skii, A.A., and Myasoedov, N.F., Nootropnye effekty novogo
analoga fragmenta AKTG5–10 - geksapeptida AKTG5–7-PGP
(Nootropic Effects of the Hexapeptide ACTH5–7-PGP, a
Novel Analog of the ACTH5–10 Fragment), Dokl. Akad.
Nauk, 1999, vol. 367, no. 1, pp. 137–140.
Greven, H.M. and De Wied, D., The Active Sequence in the
ACTH Molecule Responsible for Inhibition of the Extinction
of Conditioned Avoidance Behavior in Rats, Eur. J. Pharma-
col., 1967, vol. 2, pp. 14–16.
Kovacs, G.L. and De Wied, D., Peptidergic Modulation of
Learning and Memory Processes, Pharmacol. Rev., 1994,
vol. 46, no. 3, pp. 269–291.
Levitskaya, N.G., Sebentsova, E.A., Glazova, N.Yu., Voskre-
senskaya, O.G., Andreeva, L.A., Alfeeva, L.Yu., Kamen-
skii, A.A., and Myasoedov, N.F., Issledovanie neirotropnoi
aktivnosti produktov fermentativnoi degradatsii semaksa,
Dokl. Akad. Nauk, 2000, vol. 372, no. 2, pp. 268–271.
Potaman, V.N., Alfeeva, L.Y., Kamensky, A.A., Levitz-
kaya, N.G., and Nezavibatko, V.N., N-Terminal Degradation
of ACTH4–10 and Its Synthetic Analog Semax by the Rat
Blood Enzymes, Biochem. Biophys. Res. Commun., 1991,
vol. 176, no. 2, pp. 741–746.
Potaman, V.N., Alfeeva, L.Y., Kamensky, A.A., and Nezavi-
batko, V.N., Degradation of ACTH/MSH4–10 and Its Syn-
thetic Analog Semax by Rat Serum Enzymes: An Inhibitor
Study, Peptides, 1993, vol. 14, no. 3, pp. 491–495.
Starowicz, K. and Przewlocka, B., The Role of Melanocort-
ins and Their Receptors in Inflammatory Processes, Nerve
Regeneration and Nociception, Life Sci., 2003, vol. 73, no. 7,
pp. 823–847.
Verhoef, J. and Witter, A., In Vivo Fate of a Behaviorally
Active ACTH4–9 Analog in Rats after Systemic Administra-
tion, Pharmacol. Biochem. Behav., 1976, vol. 4, no. 5,
pp. 583–590.
Vinogradov, V.M., Medvedev, V.I., Grechko, A.T., Bakha-
rev, V.D., and Ponomareva-Stepnaya, M.A., Vliyanie na pov-
edencheskuyu aktivnost’ krys fragmentov AKTG i vazopres-
sina (Effect of ACTH Fragments and Vasopressin on Behav-
ioral Activity of Rats), Fiziol. Zh. SSSR im. I.M. Sechenova,
1980, vol. 66, pp. 409–415.
Wolterink, G., van Ree, J.M., Van Nispen, J.W., and De
Wied, D., Structural Modifications of the ACTH4–9 Analog
ORG 2766 Yields Peptides with High Biological Activity,
Life Sci., 1991, vol. 48, no. 2, pp. 155–161.
Zamyatnin, A.A., Spetsializirovannyi bank dannykh EROP-
Moscow o regulyatornykh oligopeptidakh s Internet-dostu-
pom (Specialized Databank EROP-Moscow with an Internet
Access on Regulatory Oligopeptides), in Tez. dokladov
Rossiiskogo simpoziuma po khimii i biologii peptidov (Rus-
sian Symposium on Chemistry and Biology of Peptides,
Abstracts of Papers), Moscow, 2003.


