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Parkinson s disease is the second most common (after Alzheimer s) neurodegenerative disease. All over the world, there is a
search for new drugs aimed at the treatment of Parkinson's disease. Till up to the present, there is no “ideal” medicine that
can completely cure this disease and has minimal adverse side effects. Belgorod research institute of pharmacology of living
systems is studying Rapitalam, a new drug for the treatment of tremulous Parkinson's disease. This is an agonist of the mGluR4
group of metabotropic receptors.

The aim of the article is to study Rapitalam influence on the oxotremorine-induced tremor in rats.

Methods. The study comprised 60 rats (6 groups of 10 males), which were administered intragastrically with the studied sub-
stances for 10 days. All the animal groups except Control group 1, were administered with Rapitalam and the reference drug
Levodopa. 30 minutes after Rapitalam and Levodopa, they were administered abdominally with the solution of Oxotremorine
at the dose of 1.5 mg/kg. The animals of Control group 1, instead of Oxotremorine, were similarly administered with a solvent
of 0.9% sodium chloride in the equivalent volume.

Results. In comparison with the reference group, Rapitalam at the dose of 3 mg/kg significantly reduced the severity of tremor
50 min. after its administration. The same effect took place 30 min after the administration of Oxotremorine at the dose of 10
mg/kg. At the dose of 3 and 10 mg/kg, Rapitalam also decreased the number of rats in the group (in %) with the signs of tremor
60 min. and 50 min. after the administration of Oxotremorine, respectively.

Conclusion. The study revealed that Rapitalam has a pronounced anti-tremor effect. Its administration at the studied doses
reduced the symptoms of Oxotremorine-induced tremor in rats.
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Annomauusn. Bo 6cem mupe uoem nouck Ho8bIX npenapamos 0iis ieveHus bonesnu IIapkuHcoHa, Komopas A6s1emcst 6mopbim
no pacnpocmpaneHnocmu HelipooeceHepamueHuiM 3abonesanuem nocie oonesnu Anvyeetivepa. [lo nacmosujeeo epemenu
«UOEAbHO20» TIeKAPCMBEHHO20 CPeOCmed, 001a0awje20 MUHUMATbHLIMU NOOOYHBIMU d(peKkmamu u cnocoOH020 NOTHO-
CMbIO GbLIEUUMb NAYUCHMOE C OAHHbIM 30001€6aHUeM, He cyecmeyenm. B nayuno-ucciedosamenvckom uncmumyme « Pap-
MAaKono2ust AHcugvlx cucmemy (2. beneopoo) uzyuaemes Hogoe nekapcmeennoe cpedcmao 0 ieuenust OPOoACAMenbHOU Popmbl
bonesnu Iapkuncona — Panumanam, mexanuzm Oelicmeus Komopo2o 3aKuouaemcs 8 aKmusayuu Memabomponuvix peyen-
mopos epynnvl mGluR4.

Ienv — uzyuums enusHue Panumanama Ha OKCOMpPeMOPUH-UHOYYUPOBAHHBLIL MPEMOP Y KPbIC.
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Memoowt. B uccnedosanue 6vi10 exaouero 60 kpvic mydcckozo nona, komopbvle Oviau pazoenenvt Ha 6 epynn no 10 ocobeil.
JKusommwvim enympuoicenyoouno 8 meuenue 10 Oneii 6600unu uccieoyemvie coeOunenus. Beem epynnam scugomuovix, kpome
epynnot Konmponw 1, uepes 30 mun nocne egedenusi Panumanama u npenapama cpasuenus Jlesooona 6HympudpiouuHHo
6600UNU pacmeop oxcompemopuna 6 doze 1,5 me/ke. Kusommuvim uz epynner Konmpone 1 ananocuunvim obpasom émecmo
oxcompemopuna 66oounu pacmeopumens (0,9% pacmeop nampus xa0puoa) sKeuareHmMHoM obveme.

Peszynemamui. Beedenue kpvicam ucciedyemozo coedunenus Panumanam 6 003e 3 me/ke 6b13618a710 00CMOBEPHOE 8 CPAGHEHUU
€ epynnou KOHmpoas CHudICeHue svipadcenHocmu mpemopa epes 50 mun, 6 0ose 10 me/ke youce uepes 30 mun nocne 6sedenus
oxcompemopuna. Takoice 6sedenue Panumanama 6 0oze 3 u 10 me/ke npusoouno k ymeHbuleHuo KOIu4ecmed Kpbic (6bipalcet-
Hoe 8 %) 6 epynne ¢ nposenenusmu mpemopa uepes 60 mun u 50 mun coomseemcmseHto.

3axntouenue. B pesynomame ucciedoganus 8visigaeHo, umo Panumanam obnaoaem 8eipajxceHHbIM aHMumpemopHoim s ghex-
Mmom, Ymo nOOMEEPHCOANIOCs CHUNCCHUCM NPOSIGIEHUL OKCOMPEMOPUH-UHOYYUPOBAHHO20 MPeMOpa Y KPbIC NOCe 86e0eHUs]

uccnedyemozo npenapama.

Knroueswvie cnosa: 6onesns Iapruncona, mGluR4, Panumanam, okcompemopuH-unoyyuposanblii mpemop, Jlesooona

INTRODUCTION

Parkinson’s disease is a chronic disease character-
ized by dysfunction of the nervous system and movement
disorders. The disease is progressive, that’s why it is nec-
essary to diagnose it as soon as possible and choose the
necessary therapy. Drugs of different groups are selected
individually in accordance with clinical manifestations
of the disease. However, when prescribing the drugs, the
problem of drug habituation and, consequently, necessity
for dose escalation exists [1]. For this reason, at the early
stages, doctors prescribe more sparing drugs in minimal
doses. Unfortunately, there are none of the drugs for the
treatment of Parkinson’s disease which can completely
cure this pathology. That is why the discovery of new ther-
apeutic targets and drugs that can slow down the progres-
sion of neurodegeneration, remains an urgent task [2].

Metabotropic receptors (mGluRs) can have a neu-
romodulatory effect on both glutamatergic and GA-
BA-ergic neurotransmission. That is very interesting
for the development of new mGluR ligands which can
be used to treatment of various neurological and mental
disorders [3-5]. Metabotropic receptors mGLuR4 have
been paid a lot of attention as a therapeutic target [6-
8]. According to the literature data, a great number of
mGLuR4 are presented in the synapses of striapallidal
paths, in particular, in the neurons of the internal Glo-
bus pallidus segment and pars reticulate of the Substan-
tia nigra [9].

Activation of these receptors leads to the reinforce-
ment of GABA-ergic inhibition of the thalamus gluta-
matergic neurons by the striapallidal system, and con-
sequently, to the correction of the imbalance between
inhibitory and excitatory effects, shifted towards exci-
tation, which is the basis of the pathogenesis of the trem-
ulous form of Parkinson’s disease [10, 11]. Previously,
the mode of action of a new pharmacological substance
— Rapitalam, was studied in Belgorod Research institute
of pharmacology of living systems

The result of this study revealed that Rapitalam is an
agonist of mGluR4 [2, 12].

THE AIM of the article is to study Rapitalam
influence on the Oxotremorine-induced tremor in rats.
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Structure of Rapitalam.

MATERIALS AND METHODS

Animals

The study was performed on male rats of Sprague
Dawley line at 12-14 weeks of age, weighing 230-260
grams, obtained from the nursery of laboratory animals of
“The Branch of the Institute of Bioorganic chemistry n.a.
M.M. Shemyakin and Y.A. Ovchinnikov”, Pushchino.
All the animals were divided into 6 groups of 10 individ-
uals (Table 1). The groups were formed at random using
body weight as the leading feature so that the individual
weight value hadn’t deviated from the average value by
more than 20%. Keeping the animals complied with all
the rules of laboratory practice during preclinical studies
in Russia. The animals were kept in the standard condi-
tions corresponding to sanitary rules of SP 2.2.1.3218-14
“Sanitary and epidemiological requirements to the de-
vice, the equipment and the maintenance of experimen-
tal biological clinics (vivariums)” dated 29.08.2014 No
51. and GOST 33215-2014. The contents and all animal
manipulations complied with the requirements of the Eu-
ropean Convention for the Protection of Vertebrate Ani-
mals used for experiments and other scientific purposes
(Strasbourg, 1986).

Study Design

The test compound Rapitalam and the reference drug
Levodopa, were administered to the animals intragastri-
cally (per os) once a day for 10 days. The body weight of
the animals was recorded just before each administration
of the test and reference drugs.
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Table 1 — Animal groups

Group No Administrated drug Number of rats
1 Control 1 (0.5% tween-80 per os, 0.9% sodium chloride intraperitoneally) 10
Oxotremorine-induced tremor
2 Control 2 (0.5% tween-80 per os, oxotremorine intraperitoneally) 10
3 Levodopa 50 mg/kg 10
4 Rapitalam, 1 mg/kg 10
5 Rapitalam, 3 mg/kg 10
6 Rapitalam, 10 mg/kg 10

Note: PO — intragastrically, IP — abdominally

Model of Oxotremorine-induced tremor

All the animal groups except Control group 1, were
injected intraperitoneally with an Oxotremorine solution
at the dose of 1.5 mg/kg 30 min after the administration
of the test compound and Levodopa. The animals of Con-
trol group 1 were similarly administered with 0.9% so-
dium chloride in the equivalent volume. The severity of
Oxotremorine-induced tremor (in points) and the time of
the symptoms reduction in rats were recorded.

Methods of statistical data analysis
The intergroup statistical comparison was performed

using the Kruskal-Wallis test with post-hocDunn test.
For comparison of repeated measurements (Oxotremo-
rin-induced tremor during the observation period), Re-
peatedmeasures ANOVA was used, in case of differences
between the groups, the Bonferroni correction was used.
The differences were determined at 0.05 significance
value (GraphPad Prism 5.0).

RESULTS

The onset of the tremor was observed in the animals
of all the groups, which had been administered with Ox-
otremorine (Table 2).

Table 2 — Latent period and tremor duration in groups of rats, M=m

Latent period, min.

The tremor duration, min.

Control 1 0+0 0+0

Control 2 10£0* 68.8+£5.8%*
Levodopa 50 mg/kg 10+0* 62.24+4%*
Rapitalam 1 mg/kg 10+0* 67.8+£5.2*
Rapitalam 3 mg/kg 10+£0* 57.84+2.8%*
Rapitalam 10 mg/kg 8.9+1.1% 52.243.6%*

Note: *p<0.05 in comparison with Control group 1, "p<0.05 in comparison with Control group 2 (non-parametric Krus-

kal-Wallis test, post-hocDunn test).

Oxotremorine caused the increasing severity of trem-
or from 10-th to 20-th minutes after intra-abdominal in-
jection to rats of Control group 2. Forty minutes after the
administration of Oxotremorine the severity of tremor in
the control rats began declining, and the tremor signs were
not recorded beginning with 80-th min (Table 3).

In Group 3 administered with Levodopa at the dose
of 50 mg/kg, there was a significant decrease in the se-
verity of tremor 20, 30 and 50 minutes after Oxotrem-
orine administration in comparison with Control group
2 (Table 3). A significant decrease in the % of rats with
tremor in this group was registered 60 minutes after
Oxotremorine administration (Table 4).
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As Table 3 shows, the administration of Rapita-
lam at the dose of 1 mg/kg had no effect on the perfor-
mance of tremor in rats. The Rapitalam doses of 3 and
10 mg/kg significantly decreased the severity of tre-
mor. In comparison with the control group, the severity
of tremor significantly decreased to 50-th min after the
administration of Oxotremorine, at the dose of 3 mg/kg,
and after the administration of Oxotremorine at the dose
of 10 mg/kg, it significantly decreased beginning with
30-thmin. Table4 showsthatRapitalamatthe dosesof3 and
10 mg/kg decreased the percentage of rats with tremor,
50 and 60 min. after the administration of Oxotremorine,
respectively.
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Table 3 — Points of severity of Oxotremorine-induced tremor in rats, M+m

Time after Oxotremorine administration, min.

Group

10 20 30 40 50 60 70 80 90 100 110 120
Control 1 00 00 020 00 00 00 020 0+0  0+0  0+0 0%0 00
Control 2 1.8£0.3% 2+£0.3% 1.9+0.4% 1.5:03% 13+0.3% 0.6+03% 0.4£02% 0.140.1%* 0£0 0£0 00 00
Levodopa | 4\ 5 12403% 1202% 1.140.1% 0.6£02% 0.140.1* 0.1£0.1% 0.140.1* 0+0 040 0+0  0£0
50 mg/kg
liaf;;fg‘ 1.940.3% 1.940.2% 1.4+02% 13+02% 0.9+0.1* 0.6£02% 02+0.1%* 02+0.1* 040 0+0  0+0  0+0
lzapn‘l:‘/lﬁ‘; 1.8402% 1.8402% 14+03* 1240.1% 0.6£02% 02+0.1* 0+0*  0£0* 00 00 0%0 00
I;gprﬁzl/f; 1.3403% 1.4+02% 14£02% 0.8+0.1% 0.2+0.1% 02+0.1% 0+£0%  0£0*  0+0 00 0+0  0+0

Note: *p<0.05 in comparison with Control group 1, "p<0.05 in comparison with Control group 2 (Repeated measures ANOVA,

Bonferroni correction).

Table 4. — Percentage of severity of Oxotremorine-induced tremor in rats, M*m

Time after Oxotremorine administration, min

Group

10 20 30 40 50 60 70 80 90 100 110 120
Control I 00 00 0+0 040 0+0 040 00 00  0£0 0x0 0+0 0+0
Control 2 100+£0* 100+£0% 88.9+11.1% 87.5:12.5% 87.5412.5%  50+18.9% 37.5£183% 12.5£12.5% 040 0+0 0+0 0+0
?gvrzgj’lfg 100£0*  100£0*  100£0*  100+0*  55.6417.6* 1LI=11.1% 11L1£111* 111£11.1% 0£0 0£0 0+0 0+0
lfanl’l’g/j‘(l;‘m 100£0*  100£0%  1004£0%  88.9+11.1% 88.9+11.1%¢ 55.6£17.6%& 222+14.7% 22.2+14.7% 0£0 0+0 0+0 0+0
;{iﬁ’g/‘gm 100£0*  100£0% 88.9+11.1%  100+£0*  55.6+17.6% 222+14.7%  0+0* 040  0£0 040 0+£0 00
?g‘ﬁfg}ﬁg‘ 88.9+11.1% 100£0% 77.8+£14.7*% 77.8+14.7% 222+147%% 2224147%  (x0" 040  0£0 0+0 0+£0 00

Note: *p<0.05 in comparison with Control group 1, "p<0.05 in comparison with Control group 2, “p<0.05 in comparison with
L-DOPA 50 mg/kg (Repeatedmeasures ANOVA, Bonferroni correction)

Thus, the effectiveness of Rapitalam with intragas-
tric administration for 10 days (once a day) at the doses
of 3 and 10 mg/kg was shown in the model of Oxotremo-
rine-induced tremor in rats. The test compound at the dose
of 3 mg/kg caused a significant decrease in the severity of
the tremor from since 50-th min. and reduced the number
of rats with tremors from 60 min. after Oxotremorine ad-
ministration in comparison with the control. At the dose
of 10 mg/kg Rapitalamat decreased the severity of tremor
in the rats since 30-th min., and the number of rats in the
group with the tremor signs since 50-th min. and further
on. In the group of rats which were administered with
the reference drug Levodopa at the dose of 50 mg/kg, the
severity of tremor was significantly reduced since 50-th
min. after Oxotremorine administration, and a significant
decrease in the % of rats with tremorsin this groupwas
observed 60 min. after Oxotremorine administration.

DISCUSSION

Rapitalam decreased the severity of Oxotremo-
rine-induced tremor in rats due to the pronounced anti-
cholinergic activity. To explain the anticholinergic activi-
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ty of Rapitalam, it is necessary to consider the interaction
mechanisms in the extrapyramidal system of the brain
in detail. The extrapyramidal system is a set of brain
structures involved in the management of movements,
maintenance of muscle tone and posture. This system
can be represented in three major formations: paleostria-
tum (globus pallidus), neostriatum (caudate nucleus and
putamen) substantia nigra [13]. With the normal func-
tioning of the extrapyramidal system, cholinergic motor
neurons of the spinal cord are in a state of constant ac-
tivity and increase muscle tone. GABAergic neurons of
globus pallidus inhibit motor neurons of the spinal cord,
which leads to a decrease in the muscle tone. In paral-
lel, GABAergic neurons of the caudate nucleus inhibit
globus pallidus, therefore, inhibition of motor neurons of
the spinal cord stops, and the muscle tone increases. The
adequate control of the muscle tone in the extrapyramidal
system is carried out by the interaction of excitatory glu-
tamatergic neurons of the cortex, inhibitory dopaminer-
gic neurons of substantia nigra and excitatory cholinergic
neurons of the caudate nucleus (Fig. 1) [14, 15].

The pathogenesis of Parkinson’s disease is based on
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the death of dopaminergic neurons of substantia nigra,
which leads to the increase in the tone of cholinergic
neurons of the caudate nucleus. Under the influence of
glutamatergic neurons of the cortex, stimulation of the
cholinergic neurons of the caudate nucleus occurs and

those, in turn, support GABAergic neurons in the ac-
tive state. Since the caudate nucleus constantly inhibits
globus pallidus, the latter does not have an inhibitory
effect on motor neurons and the muscle tone remains
high [16].

disease

Parkinson's

Figure 1 — Biological targets of Rapitalam in Parkinson’s disease [16].

Note: The normal relationships between the components of the extrapyramidal system are on the left. The picture that takes

place in a patient with Parkinson s disease is on the right).
Ach — acetylcholine, Glu — glutamic acid, Da — dopamine.

As Fig. 1 shows, Rapitalam suppresses glutamatergic
neurons of the cortex and therefore inhibits cholinergic
neurons of the neostriatumdue to the reduced stimulating
effect of the thalamus. [17, 18]. Thus, under the influence
of Rapitalam, there is a decrease in the acetylcholine lev-
el, as 1-2% of striatum neurons are represented by ace-
tylcholine—containing interneurons [19], which causes an
anticholinergic action of Rapitalam.

In this regard, in the long term, Rapitalam can solve
the problem of treating tremor in Parkinson’s disease at
its early stages.
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