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We studied the effects of repeated injections of methylprednisolone and its micellar complex 
with block-copolymer on locomotor activity of a terrestrial snail. It was shown that methyl-
prednisolone solution injected into the hemolymph of the animal produced a direct effect on 
the muscle system of the animal as soon as 1 h after administration: it slowed down snail lo-
comotion and reduced contractile activity of the foot muscles. The micellar complex of meth-
ylprednisolone with block-copolymer prevented this effect during the first 2 days of injection 
and negatively affected locomotion only in 2 days after injection, the decrease in locomotion 
in this case was not accompanied by a decrease in contractile activity of the foot muscle.
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Methylprednisolone is a controversial drugs that pro-
vide high neuroprotective assistance in the treatment 
of various neurodegenerative conditions. The use of 
synthetic glucocorticosteroid methylprednisolone so-
dium succinate (MP) is a standard therapy after acute 
spinal cord injury in humans [3]. The possible mecha-
nisms of its neuroprotective effect are inhibition of 
LPO and stabilization of processes triggered by dis-
turbances in homeostasis of sodium, potassium, and 
calcium ions, impaired mitochondrial metabolism, 
pathological glutamate release leading to increased 
excitability of spinal cord neurons [5]. In addition 
to the neuroprotective effects, prednisolone and its 
analogues affect muscle cells. For instance, analogues 
of prednisolone, in particular α-MP, increase intracel-
lular calcium concentration in myoblasts [11,13] and 
the number of myofibril precursor cells [8] in patients 
Duchenne muscular dystrophy.

However, MP have a number of side effects that 
can lead to pneumonia, sepsis, some other compli-
cations during its intravenous administration [6]. To 
solve this problem, various systems for local delivery 
of MP have been proposed during the last decade [2]. 
A promising system for local delivery of MP to nerve 
cells is its micellar complex with an amphiphilic tri-
functional block-copolymer (TBS). TBS is a carboxy-
lated product of the polymerization of ethylene oxide 
and propylene oxide with glycerin [7].

The effects of new pharmacological preparations 
were tested on terrestrial snail Helix lucorum. Loco-
motion is one of the important forms of behavior of 
gastropods. Moving in space, mollusks coordinate 
waves of muscle contractions that propagate along 
the sole of the foot via axons of central neurons and 
peripheral ganglia neurons [10]. Locomotor activity 
of gastropod mollusks allows assessing the state of 
smooth muscles of the sole of the foot and coordinated 
work of the nervous and muscular system of mollusks 
[10,14]. That is why locomotor activity of inverte-
brates is a unique model for studying the pharmaco-
logical effects of both transmitters and neurospecific 
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substances on the coordinated work of the nervous and 
muscular systems [1,4,9].

Here we studied chronic effects of MP and its 
micellar complex with amphiphilic trifunctional block-
copolymer on locomotor activity of snails Helix lu-
corum.

MATERIALS AND METHODS
The experiments were carried out on the land gastro-
pod pulmonary mollusk Helix lucorum. These animals 
are characterized by diverse behavior and pronounced 
locomotor activity [1,10,14]. Prior to the experiments, 
the snails were kept in a glass terrarium in a humid at-
mosphere at room temperature for at least two weeks. 
All experimental procedures were carried out in ac-
cordance with Directive 2010/63/EC of the European 
Parliament and the Council of Europe On the Protec-
tion of Animals used for Scientific Purposes (Septem-
ber 22, 2010).

The studied drugs were injected with a thin nee-
dle through insensitive part of snail skin in the region 
of the sinus node once a day over 4 days. MP and 
micellar complex TBS+MP were injected in doses 
of 0.015 and 0.1 mg/g body weight, respectively. 
Animals of active control group were injected with 
saline. The injection volume of all solutions did not 
exceed 0.1 ml.

The animals were divided into 3 groups: active 
control group (n=8), injection of MP (n=9), and in-
jection of TBS+MP (n=4). The data obtained during 
testing before injection of the test preparations served 
as intact control.

Motor activity was tested out before administra-
tion of studied substances, 1 h after the first injection, 
and 24 h after each injection over 4 days. The loco-
motion rate was evaluated by measuring the distance 

traveled by the snail in the active state over 1 min. 
Measurements were performed on a vertical wall of 
the glass terrarium where the beginning and end of 
the straight path of each animal were marked with a 
marker, and then these segments were measured with 
a ruler. The rate of propagation of a single contractile 
wave was estimated by the time of propagation of the 
investigated wave along the entire length of the mol-
lusk sole. The mean length of the sole during move-
ment and the mean number of waves during movement 
were also evaluated [1].

The mean speed of locomotion, speed of propaga-
tion of the contractile wave, and change in the length 
of the sole of the mollusk were compared. The depen-
dence of the movement speed on the length of the sole 
of the mollusk was evaluated. The values obtained at 
different terms after injections of the test substances 
and initial values (intact control) were compared using 
one-way repeated measurements ANOVA. The differ-
ences were considered significant at p<0.05.

RESULTS
Analysis of the dynamics of the influence of a single 
injection of the studied substances on locomotor ac-
tivity of snails showed that the rate of locomotion of 
animals receiving MP significantly decreased in 40 
min after injection to 0.73±0.07 mm/sec (vs 1.01±0.07 
in intact animals; p<0.05) (Fig. 1, a). In 1 h after in-
jection of MP, the rate of locomotion decreased to 
63.6±5.5% of the initial value (before injection), while 
after injection of saline, it was 90.6±4.9% of the origi-
nal. After injection of the TBS+MP complex, the rate 
of locomotion was reduced to 80.2±12.6% (Fig. 1, b). 
In 1 h after MP injection, the rate of propagation of a 
single contractile wave decreased to 5.6±0.2 mm/sec 
(vs 6.2±0.2 mm/sec in intact animals; p<0.05); after 

Fig. 1. Dynamics of changes in the locomotion speed within 1 h after injection of MP (a) and locomotion speed in snails of different 
groups in 1 h after injection of substances (b; % of the speed of intact animals). *p<0.05 in comparison with intact animals.
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injection of saline and TBS+MP complex, no changes 
in this parameter were observed.

The study of the effects of chronic administration 
of the studied substances showed that on the first day 
after the first injection of MP, the speed was reduced 
to 0.69±0.05 mm/sec and remaining reduced for all 
4 experimental days (0.50±0.05 mm/sec on day 4; 
p<0.001 in comparison with intact control). The rate 
of locomotion of snails injected with the TBS+MP 
complex significantly decreased on day 3 to 0.5±0.05 
mm/sec (vs 1.1±1.19 mm/sec in intact animals; 
p<0.001). The locomotion speed in snails injected 
with saline did not significantly change on days 1-3, 
but was reduced on day 4 (Fig. 2, a). It was also 
shown that, together with a decrease in the rate of lo-
comotion, MP injection caused a significant decrease 
in the length of the snails sole. Significant changes in 
sole length were observed as soon as on the first day 
after MP injection and the maximum decrease were 
observed on day 4: 7.4±0.1 cm vs 8.1±0.1 cm in in-
tact control (p<0.05). In other groups, no significant 

changes in sole length were observed during chronic 
administration of MP.

The speed of propagation of a single contractile 
wave in the sole also decreased after MP injections: 
5.2±0.3 mm/sec on the next day after the first injection 
of MP and 4.8±0.2 mm/sec on day 4, which signifi-
cantly differed from this parameter in intact animals 
(6.2±0.3 mm/sec). In the group of animals treated with 
TBS+MP complex, no significant changes in the speed 
of propagation of the contractile wave were detected. 
However, in active control group, this parameter was 
reduced on day 4 (Fig. 2, b). 

Analysis of the dependence the locomotion speed 
on the sole length in intact snails revealed a direct 
dependence between these parameters: y=0.24x+6.40, 
which indicated that the snail crawled faster when 
its sole is longer (Fig. 3). A similar dependence was 
observed in active control group on days 3 and 4: 
y=0.22x+6.30. However, in snails injected with 
MP, the dependence was negative on days 3 and 4:  
y=-0.24x+8.13, i.e. with increase in foot length, the 

Fig. 2. Dynamics of changes in the locomotion speed (a) and the speed of propagation of a single contractile wave (b) in snails of 
active control group and animals treated with MP or TBS+MP. *p<0.05, **p<0.01 in comparison with intact animals.
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locomotion speed slightly decreased or remained un-
changed. In the group of animals injected with TBS+MP 
complex, no dependence of locomotion speed on the 
sole length were revealed: y=-0.12x+7.88 (Fig. 3).

The regulation of the speed of locomotion in ter-
restrial mollusks is mediated by the speed of propaga-
tion of the contractile wave of muscle contraction. On 
the other hand, muscle contractions are controlled by a 
pool of neurons of the central and peripheral nervous 
system and this control is mediated by the dopamine 
and serotonergic systems [9,12]. Serotonin stimulates 
locomotion and significantly increases its speed, with-
out changing the frequency of contraction of the sole. 
At the same time, dopamine regulates the speed by 
shortening the length of the sole and decreasing the 
amplitude of contraction of the muscle fibers of the 
sole involved in the formation of the contractile wave 
[10]. At the same time, administration of neurotoxin 
(to serotonin) 5,6-DOT daily in small doses for a week 

or the same total dose of neurotoxin 30 mg/kg body 
weight per injection is accompanied by a gradual de-
crease in the rate of locomotion that persisted for 7 
days [1]. In our previous studies, a similar effect was 
observed after administration of neurotoxin (to dopa-
mine) 6-OHDA that reduced the speed of locomotion 
on day 8 by about 2 times. At the same time, serotonin, 
like dopamine, regulates the speed by shortening the 
length of the sole and decreasing the amplitude of 
contraction of the muscle fibers in the sole involved 
in the formation of the contractile wave [10]. Our ex-
periments showed that MP injected into hemolymph of 
the animal had a direct effect on the locomotion speed 
as soon as in 40 min after administration and reduced 
the speed of propagation of the contractile wave in 1 h 
after injection, i.e. the speed of locomotion decreased 
due to a decrease in the frequency of steps. It can be 
hypothesized that MP directly affects contractile activ-
ity of muscle cells of the sole.

Fig. 3. Dependence of locomotion speed on foot length in intact snails, animals of the active control group, and animals treated 
with MP and TBS+MP after a series of injections.
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The simultaneous decrease in the speed of loco-
motion and speed of propagation of the contractile 
wave observed throughout the course of MP adminis-
tration and attaining its maximum on day 4 probably 
indicates a cumulative effect of MP.

In snails treated with TBS+MP complex, the de-
crease in the locomotion speed was observed later 
than after injection of MP and was not accompanied 
by a decrease in the speed of propagation of single 
contractile wave. The micellar complex abolished the 
short-term effects of MP, probably due to facilitation 
of the direct delivery of MP to intracellular targets, 
where it modulated protein synthesis.

The dependence of the speed of locomotion of the 
mollusk on the length of the sole of the foot, depend-
ing, in turn, on the contraction force of the muscle 
fibers of the sole was demonstrated in a number of 
studies [1,9]. In our experiments, this correlation per-
sisted in intact animals or snails injected with saline, 
however, the correlation dependence was opposite on 
days 3 and 4 of MP injection, despite the fact that the 
mean length of the sole in animals of this group at 
this term was significantly shorter. In animals treated 
with TBS+MP complex, no linear dependence of the 
locomotion speed on the foot length and no changes 
in the foot length were observed.

Thus, MP solution injected into the hemolymph 
of snails had a direct effect on the muscle system as 
soon as in 1 h, reducing the locomotion speed and the 
contractile activity of the muscles of the sole. While 
micellar complex TBS+MP prevented this effect dur-
ing the first two days and has a negative effect on 
locomotion only starting from day 3; the decrease in 
locomotion in this case was not accompanied by a 
decrease in contractile activity of the muscle.

This study was carried out as part of the pro-
gram to increase the competitiveness of Kazan Fed-
eral University among the world’s leading research 
and educational centers for 2013-2020. The work was 
also partially supported by the Russian Foundation 
for Basic Research (project No. 18-315-00267 mol_a; 
M.E. Baltin). Work of M.I. Kamalov (obtaining and 
characterization of the modified copolymer) was per-
formed using funds from a grant of the Russian Sci-
ence Foundation (project No. 19-74-00114).
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