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INTRODUCTION

It is known that melanocortins (MCs), including
adrenocorticotropic hormone (ACTH), melanocyte�
stimulating hormones (MSHs), fragments of these
hormones, and their synthetic analogs, possess a wide
range of physiological activities. The peptides of this
class, besides hormonal effects, influence the learning
and memory processes, the development and regener�
ation of the nervous system, pain sensitivity, inflam�
mation processes, feeding behavior, and energy
homeostasis (Starowicz, Przewlocka, 2003). Five
types of melanocortin receptors (MC1R–MC5R) are
distinguished, which have different degrees of affinity
to natural MCs and are localized in different organs
and tissues. It was shown that MC3� and MC4�recep�
tors are expressed in the central nervous system (Wik�
berg et al., 2000). Natural and synthetic MCs play an
important role in the regulation of the emotional state
of animals. Natural MCs exert an anxiogenic influ�
ence, which was registered in many experimental ani�
mal models (Chaki, Okuyama, 2005). A study of the
structure–activity relationship showed that the frag�
ment responsible for the anxiogenic action of MCs is
ACTH (7�10)–FRWG (Wolterink, van Ree, 1988).
While the intracerebral and intraperitoneal injection
of a ACTH (4�10) fragment leads to an increase in anx�
iety and aggression in animals, the synthetic analog of
melacortins ORG 2766 has the opposite effect. It is
worth noting that ACTH (4�10), as well as ORG 2766,
possesses a marked nootropic activity and does not
influence the motor activity of animals (Clarke, File,

1983; Niesink, van Ree, 1984). A study of the influ�
ence of MCs on the degree of depression in animals
revealed that the injection of α�MSH prolonged
immobilization in the forced swimming test (Goyal
et al., 2006; Kokare et al., 2008). In addition to partic�
ipating in the functioning of the hypothalamohypo�
physial adrenal axis, MCs are involved in the regula�
tion of the organism’s reaction to stressogenic influ�
ence (Yamano et al., 2004). MC4R plays an important
role in regulating the stress reaction and emotional
behavior (Shimazaki, Chaki, 2005; Yamano et al.,
2004). The MC4R antagonists weaken stress�induced
anorexia and anxiety in rodents, while the agonists
produce an anxiogenic effect. The stimulation of
MC4R aggravates depressive behavior, while the
blockage of this receptor reduces the degree of depres�
sion (Chaki, Okuyama, 2005). Thus, it can now be
considered proven that the MC system is involved in
the regulation of the emotional state and the organ�
ism’s response to stressogenic effects. The drugs influ�
encing this system can be used in the treatment of such
stress�related diseases as depression and anxiety
(Chaki, Okuyama, 2005).

The demonstration of the wide range of the physi�
ological activity of MCs and the discovery of a family
of their receptors provided new opportunities for the
development and study of substances potentially
applicable in the treatment of various pathologies
(Catania et al., 2004; Cone, 2005). However, the clin�
ical use of natural MCs is hampered by their low bio�
availability for the peripheral method of administra�
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tion. The duration of the neurotropic effects of the
natural fragment of ACTH (4�10) is 30–60 min (Ash�
marin et al., 1997). Numerous studies were aimed at
developing synthetic MCs retaining a pronounced
physiological activity and having a high bioavailability.
The hexapeptide Semax (MEHFPGP) is an analog of
the ACTH (4�10) fragment, having a prolonged neu�
rotropic action. A study of the physiological activity of
this peptide in experiments on animals showed that it
improves memory and attention, has an antihypoxic
effect, and exerts a positive influence on models of
Parkinsonism, induced by the injection of a neuro�
toxin (Ashmarin et al., 1995; Levitskaya et al., 2002).
The duration of the nootropic effects of Semax is 20–
24 h (Ashmarin et al., 1995). Clinical trials showed its
high effectiveness in the treatment of intellectual�
mnestic disorders of various origins (Ashmarin et al.,
1997). The administration of Semax has a marked
positive effect in the treatment of strokes (Gusev et al.,
1997). Today Semax is successfully used as a nootropic
and neuroprotective medicine. Research into the
effects of the peptide is underway to study the range of
its physiological activity and expand its clinical appli�
cations. Earlier, we showed that Semax has anxiolytic
and antidepressant effects when administered chroni�
cally (Vilenskii et al., 2007). However, the influence of
a single Semax injection on the emotional state of ani�
mals has not been studied.

Cholecystokinin (CCK) is a gastrointestinal pep�
tide, which is present in the central nervous system of
mammals as well. Fragment CCK (30�33) cholecysto�
kinin�tetrapeptide (CCK�4) peptide and a well�
known anxiogenic factor. Peripheral administration of
this peptide induces a panic reaction and pronounced
anxiety and fear in humans (Koszycki et al., 2005).
Intraperitoneal administration of CCK�4 in doses of
20–400 μg/kg increases in the level of anxiety and
depression in rats (Ashmarin et al., 2004). This peptide
is used in experiments to create models of raised anxi�
ety and depression.

The aim of this study was to investigate the influ�
ence of Semax on the level of anxiety and depression
in experimental animals in the normal state and
against the background of the action of CCK�4.

EXPERIMENTAL

This study was conducted on male white nonlinear
rats weighing 220–250 g. The animals were kept in the
standard conditions of a vivarium. All experiments
were performed from 11:00 to 18:00.

The Semax and CCK�4 peptides were synthesized
at the Institute of Molecular Genetics, Russian Acad�
emy of Sciences. CCK�4 was administered intraperi�
toneally in a dose of 400 μg/kg in an aqueous solution,
1 ml/kg in volume, 40 min before the testing. Semax
was injected intranasally in doses of 50 and 500 μg/kg
in an aqueous solution, 0.1 ml/kg in volume, 15 min
before the testing. The control group received injec�

tions of the solution in an equivalent volume and
equivalent time.

The level of anxiety was evaluated by the elevated
plus�maze (EPM) test. The experimental apparalus of
the maze consists of four arms emanating from the
center (length 35 cm, wall height 20 cm). Two oppos�
ing arms are darkened and enclosed at the ends by
walls; the other two are lighted and open. The maze
was elevated to a height of 50 cm above the floor. The
rat was placed at the center of the maze. The recording
time was 3 min. The recorded parameters included the
total time of being in the lit area, the number of head�
dips from open arms, the number of crossings of the
maze center, and the grooming level.

To evaluate the intensity of the depressive compo�
nents of the behavior, we used the forced swimming
test. This testing was conducted in a 25 l cylindrical
tank, filled two�thirds with water /3 (t = 27–28°С).
The depth of the vessel did not permit the rat to touch
the bottom with its hind paws and tail. The animal was
placed in the water, and the parameters were registered
visually for 10 min: the overall duration of active swim�
ming (the rat makes active swimming movements
while moving around in the vessel), the overall dura�
tion of climbing (the rat makes movements with its
front paws, trying to get out of water and climbing the
wall of the vessel), the overall duration of immobiliza�
tion (the animal is almost motionless, the movements
are aimed only at keeping the body on the surface),
and the latent period of the first immobilization.

The results were processed with the Statistica pro�
gram package. The differences between groups were
estimated by ANOVA methods and Fischer’s exact
criterion. Data are presented as the mean ± standard
error of mean.

RESULTS AND DISCUSSION

The study of the influence of Semax on the level of
anxiety in animals in the normal state did not reveal
any significant change in the behavior of the rats in the
EPM test with the injection of the peptide in doses of
50 and 500 μg/kg 15 min before the testing (Table 1).
Therefore, a single administration of Semax in the
above�mentioned doses did not influence the level of
anxiety in the animals in the normal state.

Studies of the influence of Semax on the intensity
of the depressive components of behavior showed that
the administration of the peptide in doses of 50 and
500 μg/kg 15 min before the testing led to a decrease in
the duration of active swimming in comparison
with the control group (Table 2). In addition, an
increase in the duration of climbing was registered in
the group of rats who received Semax in a dose of
500 μg/kg. Those parameters of behavior that
reflected best of all the level of depression (the dura�
tion of the immobilization and the latent period of the
first immobilization) did not differ significantly from
the corresponding parameters in the control group.
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While studying the effects of Semax in the model of
forced swimming, we conducted a large number of
independent experiments. An analysis of the results
obtained in some of them showed that for animals with
a high initial degree of depression, the injection of

Semax led to a significant decrease in the duration and
the number of periods of immobilization, and also to
an increase in the latent period (LP) of immobiliza�
tion. In the case when the depressive components of
behavior were less pronounced in the control group,
the peptide injection did not lead to a significant
change in the registered parameters. We registered a
significant correlation between the registered parame�
ter in the control group and the change in this param�
eter in the group of rats who received Semax. For the
immobilization duration, the estimate of the correlation
dependence showed the following Speerman correlation
coefficients: (R = –0.79, p < 0.04) and (R = –0.90,
p < 0.04) for the Semax doses of 50 and 500 μg/kg,
respectively (Fig. 1). The obtained data allow us to
draw the conclusion that single administration of
Semax in the studied doses has a normalizing effect on
the depressive components of behavior in rats in the
forced swimming test.

In the second part of our research, we studied the
influence of Semax on the emotional state of animals
against the background of the CCK�4 action. The
Semax injection in the EPM test did not lead to signif�
icant changes in the behavior. The administration of
the tetrapeptide 40 min before the testing induced a
confidence decrease in the time spent in the lit part of
the maze, the number of head�dips from open arms,
and crossings of the center of the maze, and also an
increase in grooming level relative to the parameters in
the control group. Thus, the administration of CCK�4

Table 1. Influence of Semax on the parameters of the behavior of rats in the elevated plus maze test

Dose Group Time in the light, s Number of crossings Number 
of head�dips Grooming

50 µg/kg Control group (41) 38.3 ± 4.7 2.4 ± 0.3 2.9 ± 0.5 2.7 ± 0.4

Experimental group 
(40)

44.4 ± 4.5 2.5 ± 0.3 3.5 ± 0.6 2.4 ± 0.4

500 µg/kg Control group (64) 41.6 ± 4.2 3.3 ± 0.2 5.2 ± 0.5 2.2 ± 0.3

Experimental group 
(65)

34.5 ± 3.2 3.0 ± 0.3 5.0 ± 0.5 2.2 ± 0.3

Note: The number of animals for Tables 1 and 2 is given in parentheses.

   
Table 2. Influence of Semax on the parameters of the behavior of rats in the forced swimming test

Dose Group Duration
 of climbing, s Active swimming, s Duration 

of immobilization, s
LP of immobiliza�

tion, s

50 µg/kg Control group (56) 105.4 ± 7.6 108.3 ± 9.6 386.2 ± 12.5 137.9 ± 7.8

Experimental group 
(54)

111.8 ± 8.1 85.5 ± 6.1* 402.7 ± 10.2 131.5 ± 8.7

500 µg/kg Control group (36) 95.2 ± 10.2 112.4  ± 10.7 392.4 ± 14.3 147.4 ± 10.8

Experimental group 
(34)

121.8 ± 15.4* 77.0 ± 7.8* 401.1 ±  14.5 141.0 ± 14.6

* Reliable difference from the control group – p < 0.05.

80

60

40

20

0

–20

–40
500460440420380360340 400 480

• 1
2
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Fig. 1. The dependence of the effect of Semax on the
intensity of the depressive components of behavior in the
control group. The average time of the immobilization is
given on the abscissa axis. The change in the immobiliza�
tion time in the trial groups relative to the control groups in
different trials is given on the ordinate axis (the average
immobilization time in the Experimental group vs. the
average immobilization time in the control group). (1) The
results obtained in different trials; (2) the results of the cor�
relation analysis; (3) the border of the confidence interval. 
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led to an increase in anxiety in this test (Fig. 2). A sig�
nificant increase of grooming relative to the controls
was registered in the group of rats who received Semax
against the background of CCK�4 action. The other
parameters of behavior did not differ significantly
from those in the control group. Moreover, in this
group of animals, the time spent on the lit part of the
maze, the number of head�dips from open arms, and
the number of crossings of the center of the maze were
significantly higher than in the group which that
received only CCK�4. Therefore, the administration
of Semax reduced the rise in anxiety caused by CCK�4.

No significant changes in the parameters were reg�
istered in the group of rats who received Semax in the
forced swimming test relative to the controls. The
administration of CCK�4 led to a significant increase
in the duration of immobilization and also to a
decrease in the duration of climbing and LP of the first
immobilization (Fig. 3), i.e., it increased depression in
the animals. The behavior parameters of the rats that
received Semax against the background of CCK�4
action did not differ significantly from those in the

control group. At the same time, a signifi cout reduc�
tion in the duration of immobilization, a rise in the
duration of climbing, and LP of immobilization were
registered, relative to the group of animals who
received only CCK�4. Therefore, the administration
of Semax against the background of CCK�4 action
normalized the behavior of the animals disturbed by
the tetrapeptide.

DISCUSSION

The obtained results discussion show that a single
injection of Semax in doses of 50 and 500 μg/kg does
not change the level of anxiety in animals in the nor�
mal state; i.e., Semax does not possess anxiogenic
activity as opposed to natural MCs. Studies in vivo
showed that Semax can block the rise in the cAMP
level in the cells expressing MC4R induced by α�
MSH. Moreover, the intraventricular injection of the
peptide in a dose of 15 μg/rat suppresses the intensive
grooming caused by the administration of α�MSH.
Therefore, Semax shows the properties of an antago�
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Fig. 2. The influence of Semax, CCK�4, and joint administration on the rat behavior in the elevated plus�maze test: (1) control
group, (2) Semax, (3) CCK�4, (4) CCK�4 + Semax; (*) significant differences from the control group, (#) differences from the
group with the administration of CCK�4 (for Figs. 2 and 3).
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nist to MC4 receptors (Adan et al., 1994). It is exactly
this type of receptors that is supposed to mediate the
influence of MCs on the stress reaction and emotional
behavior of animals (Chaki, Okuyama, 2005). How�
ever, in our experiments, the preliminary injection of
Semax in the studied doses did not lead to a change in
the level of anxiety; i.e., in this case, Semax did not
reveal the properties of an MC4R antagonist. We can
conjecture that a single peripheral administration of
the used doses of the peptide is not enough to achieve
a Semax concentration in the brain necessary for this
type of activity to become apparent.

The study of the influence of Semax on the inten�
sity of the depressive components of rat behavior in the
forced swimming test showed that, after a single injec�
tion, the influence of the peptide on the parameters
reflecting the level of depression is insignificant and
depends on the initial state of animals; i.e., the admin�
istration of Semax in the studied doses has a normaliz�
ing effect on the depressive components of rat behav�
ior in this test. However, a change in the active behav�
ior is noted: an increase in climbing and a decrease in
the active swimming duration. Two forms of active
behavior are currently recorded in the forced swim�

ming test, besides the duration of immobilization. It
was shown that the intensification of climbing is asso�
ciated with an increase in the activity of the noradren�
ergic system, while the rise of serotonergic neurotrans�
mission may underlie the increase in the duration of
active swimming (Detke et al., 1995). The study of the
influence of Semax on the system of brain biogenic
amines revealed that the administration of this peptide
in a dose of 50 μg/kg causes a considerable rise in the
noradrenaline content in the hypothalamus of rats
(Getsova et al., 1988). It can be supposed that the
change in the form of active behavior in rats registered
in the forced swimming test is associated with the
influence of Semax on the brain noradrenergic system.

Our experiments showed that the injection of
Semax against the background of CCK�4 action nor�
malizes considerably the emotional state of animals
disturbed by the administration of the tetrapeptide. It
is known that, with a rise in anxiety and depression, a
reduction in the serotonin turnover in the central ner�
vous system can be observed (Kent et al., 1998).
Numerous data indicate a functional interrelation
between serotonin� and CCK�ergic systems. It was
shown that the administration of the precursor or
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Fig. 3. The influence of Semax, CCK�4, and joint administration on the rat behavior in the forced swimming test.
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serotonin reuptake inhibitor significantly reduces the
intensity of the CCK�4 effects; i.e., the rise in the
activity of the serotonergic system has a protective
effect in the case of CCK�induced disturbances
(Megen, van et al., 1997; Maron et al., 2004). At the
same time, the level of activity of the noradrenergic
system does not influence the effects of CCK�4
(Megen, van et al., 1996). The study of the influence
of Semax on the brain serotonergic system showed that
the injection of the peptide leads to activation of this
system and acceleration of the serotonin turnover in
the animal brain (Eremin et al., 2005). Thus, an
increase in the functional activity of the serotonergic
system may be the basis of the Semax effects observed
against the background of the CCK�4 action.

The obtained data allow us to conclude that a single
administration of Semax does not influence the level
of anxiety and depression in animals in the normal
state. However, in the case of raised level of anxiety
and depression, it can have an anxiolytic and antide�
pressant effect. Thus, Semax does not have anxiogenic
activity unlike its natural prototype ACTH (4–10)
(MEHFRWG). This might be due to the absence of
the FRWG sequence in its structure, which deter�
mines the anxiogenic properties of natural MCs (Wol�
terink, van Ree, 1988). It can be noted that the effects
of Semax and the ACTH (4–9) analog ORG 2766 are
similar. It was shown that the intensity of anxiolytic
effects of ORG 2766 depends on the experimental
conditions and the initial state of animals (Niesink,
van Ree, 1894 Wolterink, van Ree, 1987). Thus,
Semax, as well as ORG 2766, has a normalizing effect
on the emotional state of animals.
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