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In the structure of morbidity,
disorders of the cardiovascular system
occupy one of the leading places.
Therefore, optimization of
pharmacotherapy of cardiovascular
diseases is one of the urgent problems
of medicine and pharmacology [1, 2].
B-Adrenoblockers (B-ABs) are one of
the group of drugs of first choice for
therapy and prevention the complications
of arterial hypertension, coronary
heart disease, tachyarrhythmias and
other cardiovascular diseases [3].
Modern B-ABs differ in
pharmacodynamic and pharmacokinetic
characteristics and are classified
according to cardioselectivity, the
degree of water and lipophilicity, the
presence of internal sympathetic and
membrane-stabilizing activity, stability
and duration of action, etc. [4].

The main side effects of f-ABs are
hypotension, bradyarrhythmias,
impaired peripheral blood circulation,
bronchoconstriction, hypoglycemia,
dyslipidemia, neurological disorders,
decreased potency, dyspeptic phenomena,
etc. Most of the side effects are inherent
primarily to non-selective 3-ABs [5, 6].

As is known, B-ABs are divided into
lipophilic, hydrophilic and amphophilic
according to the degree of solubility.
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Lipophilic B-ABs (metoprolol,
oxprenolol, propranolol, etc.) are almost
completely absorbed from  the

gastrointestinal tract, easily penetrate
the blood-brain barrier (BBB) and
increase the tone of the vagus nerve,
which is associated with the occurrence
of central side effects, such as
disturbances sleep, general weakness,
memory impairment, depression,
convulsions, hallucinations, terrible
dreams [7, 8]. CNS disorders may
result from cellular hypoxia due to
poor cardiac output, direct CNS
depression caused by sodium channel
blockade, or even occur as a result of
hypoglycemia. Lipophilic B-ABs have
an increased distribution in the brain
and, as a rule, cause severe effects on
the CNS. Propranolol has the greatest
lipophilicity (the coefficient of solubility
in lipids is equal to one). This determines
its pronounced central side effects. A
sufficiently high level of lipophilicity is
also characteristic of metoprolol, so it
is also able to cause unwanted reactions
from the CNS [9, 10].

Hydrophilic B-ABs (for example,
atenolol, nadolol, sotalol) are poorly
absorbed in the gastrointestinal tract,
do not penetrate or poorly penetrate the
BBB, and have almost no effect on the
central nervous system. These (-ABs
are practically devoid of central side
effects. But instead, in the annotation,
for example, to atenolol, possible
unwanted reactions from the central
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nervous system are given, as well as
information is provided regarding the
limitation of activities that require a
high speed of mental and physical
reactions. Amphophilic p-ABs (for
example, bisoprolol, pindolol) dissolve
in lipids and water, are able to penetrate
the BBB in small amounts and have a
moderate effect on the CNS [11-13].

Information regarding the psycho-
and neurotropic properties of various
B-ABs in various literature sources is
quite contradictory and needs to be
confirmed based on the results of both
preclinical and clinical trials. In
addition, the effect of [-ABs on the
central nervous system can be
considered not only from the point of
view of undesirable reactions, but also
as additional pharmacological effects
of drugs of this group.

The aim of the study was to
investigate the specifics of the effects
of the widely used -cardioselective
B,-ABs atenolol, metoprolol, and
bisoprolol on the central nervous system
of experimental animals.

Materials and methods. For a
comparative evaluation of the spectrum of
psycho- and neurotropic properties of
atenolol, metoprolol, and bisoprolol, we
studied their effects on the behavior of
intact rats in the open field, elevated
cruciform labyrinth, and rotating rod
tests, in accordance with the methodological
recommendations for the preclinical study
of medicinal products [14].

After taking the initial parameters,
the animals of the experimental groups
were given the above-mentioned (-AB
once intragastrically using a probe:
atenolol and metoprolol at a dose of
10.0 mg/kg, bisoprolol at a dose of
0.5 mg/kg. Doses of the studied drugs
were calculated for rats according to the
formula of Yu. R. Rybolovlev. The study
was conducted 30 minutes after the
administration of the corresponding drug.

In the open field test, we assessed
locomotor and exploratory activity,
vegetative accompaniment of emotional
reactions under the influence of the
studied substances. The evaluation
criteria were the number of crossed
squares, vertical stands, looking into
holes, fecal boluses, urination and
grooming in 5 minutes observation.
For a comparative assessment of the
spectrum of anxiolytic and sedative
activity of the selected drugs, we
studied their effect on the behavior of
intact animals in the test of elevated
cruciform labyrinth. This made it
possible to assess the influence of the
studied substances on the emotional
sphere and state of anxiety of intact
rats. The test is based on rodents’
natural fear of being in open areas and
falling from a height. The state of
anxiety of the rats was assessed
according to the following indicators:
the time of the latent period of entering
the dark chamber, the time of total
stay in the light and dark compartments,
the number of transitions from
compartment to compartment, the
number of fecal boluses and urinations.
The effect of drugs on muscle tone and
coordination of movements was
determined by changes in the time the
animals stayed on a rod with a diameter
of 2 cm, which rotates at a speed of
10 rpm. compared with a similar
indicator before the introduction of the
corresponding substance. The retention
time on the rod was chosen as the
evaluation criterion. Three attemts
were performed for each animal.

Pharmacological studies  were
conducted on 30 rats bred in the
vivarium of the Central Research
Laboratory of the National University
of Pharmacy in accordance with GLP
requirements and with the
methodological recommendations of the
State Expert Center of the Ministry of
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Health of Ukraine. Experimental
studies were conducted in accordance
with the European Union Directive
2010/10/63 EU on animal experiments.

In the case of recording the results
in the form of mean * standard error,
the statistical reliability of intergroup
differences was calculated according to
the Student's t test with Bonferroni
correction.

Results and their discussion. As a
result of the conducted studies, it was
determined that in the open field test,
atenolol at a dose of 10 mg/kg contributed
to a significant decrease in locomotor
activity and suppressed indicators of
the emotional state of rats. Atenolol did
not affect their research behavior. The
drug reliably reduced the sum of all
activities by 2.3 times, that is, it
revealed a certain depressing effect on
the central nervous system of
experimental animals (Table 1).

Bisoprolol at a dose of 0.5 mg/kg in
the open field test did not affect
locomotor activity and exploratory
behavior, did not suppress indicators of
the emotional state of animals. This
drug did not reliably change the sum of
all activities, i. e., unlike atenolol, it
did not show any effect on the central
nervous system of rats (Table 1).

Metoprolol in a dose of 10 mg/kg
significantly reduced the locomotor
activity of experimental animals. The
number of crossed squares against the
background of the drug decreased by
2.4 times, the number of vertical racks
by 2.3 times. The drug also inhibited
the exploratory activity of rats, as
evidenced by a significant decrease in
the number of examined holes by 3.1
times compared to a similar indicator
in the intact control group. Also, the
researched drug suppressed indicators
of the emotional state of animals,
namely, reduced the number of boluses,
urination and defecation. Metoprolol

reliably reduced the sum of all activities
by 2.9 times, that is, it revealed a
depressing effect on the central nervous
system of rats (Table 1).

In the test of the elevated cruciform
labyrinth (Table 2), it was determined
that the introduction of atenolol
contributed to an increase in the latent
period of animals entering the dark
compartment (by 216%), the time spent
in the light arms of the maze (by 336%),
which indicates a decrease in anxiety.
The total time the rats spent in the dark
compartments of the maze was
significantly reduced by 23%. But at
the same time, the introduction of the
drug did not cause significant changes
in the indicators of the vegetative
accompaniment of emotional reactions
(the number of fecal boluses and
urinations). Therefore, it can be stated
that atenolol has moderate selective
anxiolytic properties (Table 2).

A single administration of bisoprolol
did not cause changes in the time of
the latent period of rats entering the
dark compartment, did not change the
time the rats stayed in the light and
dark arms of the maze, did not cause
reliable changes in the number of fecal
boluses and urinations, which indicates
that the drug does not have anxiolytic
properties. Therefore, it can be stated
that bisoprolol in the selected dose does
not have a significant effect on the
activity of the central nervous system
of experimental animals (Table 2).

The use of metoprolol contributed to
an increase in the latent period of
animals entering the dark compartment
(by 267%) and the time spent in the
light arms of the maze (by 383%),
which indicates a decrease in anxiety.
The total time the rats spent in the
dark compartments of the maze was
significantly reduced by 28%.
Administration of the drug helped to
reduce the indicators of vegetative
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accompaniment of emotional reactions,
namely, it reliably reduced the number
of fecal boluses and urinations by 3.6
times (Table 2). Therefore, metoprolol
has anxiolytic properties and is able to
show a certain depressant effect on the
central nervous system. The latter
confirms the anti-anxiety effect of the
drug, revealed in the open field test.
The results obtained indicate that a
single administration of atenolol
significantly reduced the time spent by
the experimental animals on the rotating
rod in two out of three attempts. Thus,
in the second attempt, the time the rats
were kept on the rod decreased by 1.7
times, in the third attempt — by 1.5
times, compared to similar indicators of
intact rats. This indicates a significant
decrease in the tone of skeletal muscles
and deterioration in the coordination of
the movements of experimental animals
under the influence of atenolol (Table 3).
Bisoprolol, in contrast to atenolol did
not reduce the time the experimental
rats stayed on the rod, but also reliably
increased this indicator in two attempts.
Thus, in the first and second attempts,
the time the rats were kept on the rod
increased by an average of 1.9 times.
In the third attempt, the time the
animals stayed on the rod increased by
1.3 times, but these changes were not
reliable. That is, it can be assumed that
bisoprolol is able to increase physical
activity and improve coordination of
movements of experimental animals. A
single administration of metoprolol led
to a reduction in the time the animals
stayed on the rod in two out of three
attempts. Thus, in the second attempt,
the time the rats were kept on the rod
was significantly reduced by 1.3 times,
in the third attempt — by 2.1 times,
compared to similar indicators of intact
rats. This indicates a significant
decrease in the tone of skeletal muscles
and deterioration of the coordination of

the movements of the experimental
animals against the background of the
studied drug (Table 3).

So, it was determined that atenolol
and metoprolol, unlike bisoprolol, have
a moderate depressant effect on the
central nervous system, reduce muscle
tone, and worsen the coordination of
movements of experimental animals.
On the other hand, it can be assumed
that atenolol and metoprolol have
moderate sedative and anxiolytic
properties. The data obtained on the
psycho- and neurotropic effects of
metoprolol fully correspond to the
literature data [15]. They can be
explained by a sufficiently high level of
lipophilicity of the drug. The use of
metoprolol and atenolol can have a
negative effect on activities that require
high speed of mental and physical
reactions, making quick decisions (for
example, driving vehicles, servicing
machines and mechanisms, working at
height), therefore, during the treatment
period you should refrain from such
activities. The results of the study
regarding atenolol do not coincide with
the data of literary sources [16, 17].

Bisoprolol, unlike atenolol and
metoprolol, does not change locomotor
activity and exploratory behavior, does
not suppress indicators of the emotional
state of animals, that is, it does not
have a significant effect on the central
nervous system of experimental rats.
This was confirmed by open field and
cross maze tests. A very interesting
result was obtained in the rotating rod
test. We found out that bisoprolol is
able to increase physical activity and
improve coordination of movements of
experimental animals. These results
don’t completely coincide with the
literature data that bisoprolol is able to
penetrate through the BBB in a small
amount and have a moderate effect on
the central nervous system [18].
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Thus, we investigated the effect of field and elevated cruciform

the drugs on the CNS of intact animals labyrinth tests. Bisoprolol, unlike

after a single administration. It would atenolol and metoprolol, does not
be interesting to research the effect of affect the CNS of experimental
the drugs on the CNS of experimental animals.
animals under the conditions of the 2.In the rotating rod test it was
corresponding model pathology and determined, that bisoprolol causes a
after repeated administration. In the mild actoprotective effect,
future, this may become the basis for significantly increasing the physical
expanding the pharmacodynamics of endurance of experimental animals.
the studied drugs. 3. Assumptions regarding the stress-
protective properties of atenolol and
Conclusions metoprolol, as well as the
1.It was shown, that atenolol and actoprotective effect of bisoprolol,
metoprolol have moderate sedative require verification and confirmation
and anxiolytic effects in the open in further in-depth studies.
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K. H. Shchokina, H. V. Belik, T. V. Sevastianova
Study of psycho- and neurotropic effects of modern 3-adrenoblockers

In the structure of morbidity, disorders of the cardiovascular system occupy one of the leading places.
Therefore, optimization of pharmacotherapy of cardiovascular diseases is one of the urgent problems of
medicine and pharmacology. B-Adrenoblockers (B-ABs) are widely used in the therapy and prevention of
complications of many cardiovascular diseases. The main side effects of B-ABs are hypotension,
bradyarrhythmias, impaired peripheral blood circulation, bronchoconstriction, hypoglycemia, dyslipidemia,
neurological disorders, decreased potency, dyspeptic phenomena, etc. Information regarding the psycho-
and neurotropic properties of B-ABs in various literature sources is quite contradictory and needs to be
confirmed based on the results of both preclinical and clinical trials.

The aim of the study was to investigate the specifics of the effects of the widely used cardioselective
B,-ABs atenolol, metoprolol, and bisoprolol on the central nervous system of experimental animals.

For a comparative evaluation of the spectrum of psycho- and neurotropic properties of atenolol,
metoprolol, and bisoprolol, we studied their effects on the behavior of intact rats in the open field, elevated
cruciform labyrinth, and rotating rod tests.

It was determined that atenolol and metoprolol, unlike bisoprolol, have a moderate depressant effect on
the central nervous system, reduce muscle tone, and worsen the coordination of movements of
experimental animals. This indicates the ability of drugs to suppress the activity of the central nervous
system. The use of metoprolol and atenolol can negatively affect activities that require high speed of
mental and physical reactions, quick decision-making. On the other hand, moderate sedative and
anxiolytic properties of atenolol and metoprolol can be considered as additional pharmacodynamic
possibilities. Bisoprolol is practically devoid of central side effects inherent in B-ABs. It can be assumed
that bisoprolol has a mild actoprotective effect. The results obtained do not coincide with the data of the
literature.

The pharmacodynamics of modern B-ABs has not yet been definitively studied. Additional data will allow
not only to specify the side effects of the drugs and to determine the conditions for their rational use, but
will also help to expand the pharmacodynamic capabilities of certain drugs of this group.

Key words: B-adrenoblockers, central nervous system, psycho- and neurotropic effects

K. I. LjokiHa, I'. B. Benik, T. B. CeBact’ssHoBa
BuBYEeHHS NCUX0- Ta HEMPOTPONHUX eeKTIB cy4yacHUX B-appeHobnokaTopie

Y CTPYKTYpi 3aXBOPIOBAHOCTI NOPYLLEHHSI CEPLIEBO-CYAMHHOI CUCTEMM MOCIAA0Tb OAHE 3 NPOBIAHNX MiCLb.
Tomy onTumizaLis papmakoTepanii CepLEeBO-CYAMHHMX 3aXBOPIOBAHb € OOHIEI0 3 aKTyaNlbHUX Npobnem meau-
LMHKU Ta dpapmakonorii. B-agpeHobnokatopu (B-AB) LWMPOKO 3aCTOCOBYIOTLCS B Tepanii 6araTbox kapaiosa-
CKYJISIPHUX 3aXBOPIOBaHb i B NpodinakTuL ixHix ycknagHeHb. OCHOBHUMK nobiyHuMK edektamn B-Ab €
rinoteHsisa, OpagiapuTmia, NopylleHHs nepudepuyHoro KpoBoobiry, GPOHXOKOHCTPUKLIS, rinornikemis,
avcninigemis, HEBPOONiYHI po3nagu, 3HMXKEHHS NOTEeHLUIi, AncnencuyHi senwa Towo. IHdopmauis woao
MCUX0- Ta HEMPOTPOMHUX BNacTMBOCTel B-AB y pisHuX axepenax nirepartypu € A0CTaTHLO CynepeysivBoto Ta
notpebye NiaTBEpAKEHHS 32 pe3ynbTataMm K AOKIHIYHMX, TaK i KNiHIYHUX BUNPOOYBaHb.

MeTta gocnigxeHHsi — BUBYUTU OCOBANBOCTI BIIMBY LUMPOKO 3aCTOCOBYBAHMX KapaiocenekTnBHux 3-Ab
aTeHon0Jy, METOMNPOJIoY Ta Biconponony Ha LLeHTpanbHy HepBoBy cuctemMy (LLHC) ekcnepumeHTanbHMX
TBaAPVIH.

[N NopiBHANBHOI OLHKM CNekTpa NCUxXo- Ta HEMPOTPOMHUX BNACTUBOCTEN aTeHO10/1y, MEeTONPOIONy
Ta 6iconponony BUBYaNM ixHili BNANB Ha NOBEAiHKY iIHTAKTHUX LLYPIB Y TECTax BiAKPUTOro nons, nigHeceHo-
ro xpectononibHoro nabipuHTy Ta CTPUXKHS, WO o6epTaeTbes.
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Bur3sHauyeHo, Lo aTeHOs10/ | MeTOMPOJION, Ha BigMiHY Bif 6iconponony, BUSBASIOTL MOMIPHMIA NPUTHiYY-
BaNbHWI BNAMB Ha LIHC, 3HMXYIOTb M’A30BUIN TOHYC, NOFipLUYIOTb KOPAMHALLKD PYXiB eKcrepMMeHTanbHUX
TBapwuH. Lle cBiguMTb Npo 3aaTHICTL NpenapartiB NpurHidyBath akTmeHicTb LIHC. 3acTocyBaHHA MeTonpo-
0Ny Ta aTeHOJI0/y MOXE HeraTuBHO BNAMBATU HA AiSNbHICTb, SKa BUMarae BUCOKOT LLBUAKOCTI MCUXIHHMX
i Pi3NYHMX peakuiit, NPUIAHATTA WBUOKOMO pilleHHs. 3 iHWoro 60Ky, NOMIpHI ceaaTuBHI 1 aHKCIONITUYHI
BNIACTUBOCTI aTEHOJ10J/1y T2 METOMPOIONY MOXHA PO3rNSAaTh 9K A0AATKOBI hapMakogmMHaMiYHI MOXIMBO-
cti. Biconponon npaktMyHOo no3GaBneHnin LeHTpasbHUX NoBIYHUX edekTiB, Wo nputamaHHi B-AB. Mn
3’dcyBanu, Wwo 6iconponon 3aatHuin 36inbLlyBaTh @i3nYHy akTUBHICTb | MOKpaLLyBaTV KOOPAMHALL0 PyXiB
ekxcnepuMeHTanbHUX TBapuH. MoXHa NpUNyCcTUTL HasiBHICTb y BiCONpPOonosy M’SKOi akTONpPOTEKTOPHOI Aii.
OTpuMaHi peaynbTati He CniBnagaloTb 3 AaHUMU NiTepaTypu.

®dapmakoamHamika cydyacHux -AB noku Lo ocTaToyHO He BuBYeHa. [JoaaTtkoBi AaHi [4O3BONSATH He
TiNbKN KOHKPEeTM3yBaTh NobiYHI edekTn npenapaTiB i BUSHAYNTN YMOBW IXHbOIO paLioHasbHOro 3aCTOCY-
BaHHS, ane " AOoMOMOXYTb PO3LWMPUTU dapmakoanMHaMIYHI MOXIIMBOCTI NEBHMX JliKapCbKMx 3acobiB Ljiel
rpynu.
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