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Abstract

BACKGROUND: Levodopa therapy currently remains the clinical method of choice for patients with Parkinson’s disease.
However, in the late stages of the disease, approximately 80% of patients receiving treatment developed levodopa-induced
dyskinesia. The studied substances are derivatives of imidazole-4,5-dicarboxylic acid. Their pharmacological effect is produced
due to interaction with the recognition site of NMDA receptor, which, together with their high efficiency, implies that they are
safer than previously available drugs in this pharmacological group.

AIM: To study the antidyskinetic effect of IEM2295 and IEM2296 derivatives of imidazole-4,5-dicarboxylic acid.

MATERIALS AND METHODS: The model is based on the toxic effect of 6-hydroxydopamine on rat brain tissue. The first
(control) group of rats received injections of only Levodopa and Benserazide, the second group received injections of Levodopa,
Benserazide, and the test substance IEM2295, and the third group received injections of Levodopa, Benserazide and the test
substance |EM2296. Each group was evaluated based on three criteria: motor function violations, limb dyskinesia, and axial
and chewing dyskinesia. The severity of motor functions was graded on a scale of 0 to 4 points at 35, 70, 105, and 140 minutes
after injection of the above substances, where 0 and 4 represent the absence and most pronounced degree of pathological
movements, respectively.

RESULTS: The result analysis showed that the greatest effect on reducing the severity of limb dyskinesia, axial dyskinesia,
and chewing dyskinesia in rats was observed at 105 and 140 minutes after injections of the studied substances. Statistically
significant differences between the control group and rats receiving injections of the studied substances were revealed at all
the time points for limb dyskinesia; i.e., at 35, 105, and 140 minutes for axial dyskinesia and at 105 and 140 minutes for chewing
dyskinesia.

CONCLUSIONS: In the experimental model of parkinsonism, IEM2295 and IEM2296 show antiparkinsonian and antidyskinetic
activity because they reduce the severity of motor function disorders in rats with levodopa-induced dyskinesia. The
results indicate the prospects for continued development of these substances and further research for effective and safe
antiparkinsonian agents among compounds of this class.
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AHTUAUCKUHETMYECKAA aKTUBHOCTD

HOBbIX NPOMU3BOAHLIX UMMAA30M-4,5-ANKAPOOHOBBIX
KUCNOT B 3KCNepUMeHTaNnbHOW MOAENM NapKUHCOHU3MA
C BBefieHeM b6-ruapokcnaodammHa

B.0. [lepraues’, E.E. Akosnesa" 2, M.A. Bpycuna', E.P. Bbiukos', J1.6. Muotposckmi’, M./, LLabaHos'
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AuHomauyus

AxTtyanbHocTb. 3aMecTUTeNbHas Tepanus NeBoLOMNON 0CTAeTCA B HACTOALLEe BPEMS KIIMHUYECKUM MeTofoM Bbibopa Ans na-
LMeHTOB ¢ bonesHbto MapkuHcoHa, Ho npumepHo y 80 % nmaumeHTOB, NONMyYaloLLMX NleYeHWe, pa3BUBAETCA MHAYLIMPOBaHHas
NeBOLOMNOW AUCKMHE3NS Ha MO3JHMX CTaauax 3aboneBaHus. ViccnepyeMble BellecTBa NpeACTaBAKT c000M NPOM3BOAHbIE
UMuaason-4,5-aukapboHoBoii kucnotbl. Ux dapMakonormyeckuin addeKT peanusyetcs 3a cyeT B3aMMOLENACTBUSA C Y3Halo-
wmm caiitom NMDA-peuenTopa, UTo, Hapsgy € BbICOKOW 3 heKTMBHOCTLIO, NO3BONIAET NpeAnonaratb Ux bonee BLICOKYIO be3-
0MacHOCTb MO CPABHEHMIO C paHee CyLLeCTBYHLUMMM NIeKapCTBEHHBIMU CPEACTBaMM [aHHOW (hapMaKOoorMyecKon rpynmbl.
LUenb — u3ydyeHMe aHTUOMCKMHETUYECKOTrO AEACTBUS MPOWU3BOAHBLIX WMMWAA301-4,5-AnKapboHoBon Kucnotel N3IM2295
n N3IM2296.

Marepuanbl u Metoabl. Mogenb OCHOBaHa Ha TOKCMYECKOM [ENCTBUM 6-TMAPOKCMAOhaMMHA Ha MO3TOBYI TKaHb KpbIC.
1-2 (KOHTPONbHaA) FPyNNa KPbIC NoMyYana MHbEKLMM TONBKO JIEBOAONBI M DeHcepasuaa, 2-a rpynna — MHLEKLUMW NeBOLO-
nbl, beHcepasnaa n uccnegyeMoe BewlectBo N3IM2295, 3-s rpynna — uHbeKUMM neBofonbl, beHcepasuaa u uccneayemoe
BewecTBo M3IM2296. Kapas rpynna oueHuBanach no 3 KpUTepWsM HapyLUeHWA ABUraTeNbHbIX QYHKUMIA: OUCKUHE3NS KO-
HEYHOCTel, 0ceBas AMCKWHE3NA U KeBaTeNibHas AMCKUHE3Ms. OLieHKa BbipaXKeHHOCTW ABuratebHbiX (YHKUMIA NpoBoamiach
no wkane ot 0 no 4 6annos Ha 35, 70, 105 u 140-1 MUHYTax nocne BBEAEHWSA BhbiLENEPEYNCTIEHHBIX BellecTs, rae 0 — 3to
OTCYTCTBME NATONOMMYECKUX ABVMKEHWUNA, @ 4 — Hanbonee BbIpaXKeHHas CTEMeHb NaTONIOTMYECKUX JBUKEHUIA.

Pe3ynbtathl. AHanM3 pe3ynbTatoB NoKasan, uto HambonbLUMii 3GMEKT CHUKEHWSA BbIPAXKEHHOCTU OUCKUHE3NWN KOHEYHOCTE,
0CEBOW IUCKWMHE3UM W XeBaTesbHOM AUCKUHE3WM Y Kpbic Habntopanca Ha 105-1 u 140-1 MuHyTax nocne BBeLEHMSA UcCeay-
eMbIX BeLlecTB. CTaTUCTUYECKN 3HAUMMbIE Pa3fINyUA MY TPYMMon KOHTPONS U FPYMMoM KpbIC C BBELEHUEM UCCIEAYEMBIX
BeLLeCTB bbiK BbISB/EHbI HAa BCEX BPEMEHHbIX TOYKAX A4S AUCKMHE3NM KoHeyHocTer, Ha 39, 105 u 140-1n MuHyTax ans oce-
BOM AMCKMHe3uK, a Takxke Ha 105-1 n 140-i1 MuHyTax Ans eBaTenbHOW AUCKUHE3NN.

3akniovenue. [ponssoaHble UMUAA30M1-4,5-auKapboHoBo Kucnotel M3AM2295 u U3M2296 obnaaatoT NpoTMBONAPKMHCOHU-
YECKOM W aHTUAMCKMHETUYECKOW aKTUBHOCTbIO, TaK KaK CHUKAIOT BbIPaXKEHHOCTb HapyLUEHWIA ABUraTeNlbHbIX QYHKLMIA Y KpbIC
C MIHAYLMPOBaHHO JIEBOAOMON AMUCKUHE3WEN B YCIIOBUSX IKCMIEPUMEHTANbHON MOLLENN NapKUHCOHU3MA. [loftydeHHble pesynb-
TaTbl CBUAETENbCTBYET O NEPCrEKTMBHOCTU pa3paboTku AaHHbIX BELLECTB W AanbHeMLIero noucka apdeKTMBHbIX U 6e3onac-
HbIX MPOTMBONAPKUHCOHUYECKUX CPEACTB CPeay COEAVHEHMI AHHOrO Knacca.

KnioyeBble cnoBa: AMCKMHE3WM; MAPKUHCOHM3M; bonesHb MapkuHcoHa; NMDA; 6-ruapokcuaodaMut; neBogona-uHAyLMpo-
BaHHble OCNTOMHEHUS.
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BACKGROUND

Parkinson’s disease (PD) has a major effect on society.
For reasons that are not yet fully understood, its incidence
and prevalence have increased rapidly over the past two
decades, probably due to rapid population aging. PD has
a huge personal burden. Levodopa replacement therapy
remains the current clinical treatment of choice for patients
with PD; however, levodopa-induced dyskinesia (LID) occurs
in approximately 80% of patients treated for advanced PD
[1, 2]. The uniqueness of this degenerative disease is related
to its chronicity, that is, it can persist for decades [3, 4].

Motor symptoms include bradykinesia, muscle rigidity,
resting tremors, and postural instability. Patients with PD
also experience various non-motor symptoms such as sleep
disturbances, dementia, sensory impairment, and autonomic
dysfunction [5-7].

The typical disease course is slow progression with
increasing disability. PD also places a significant burden
on caregivers and an increasing socio-economic burden on
society [8, 9.

The marked heterogeneity of symptoms makes PD
an ideal disease for evidence-based medicine, in which
treatment methods such as pharmacotherapy, neurosurgery,
and rehabilitation must be individually selected in accordance
with the priorities and needs of each patient and, ultimately,
with his/her genetic or other specific biological characteristics.
However, this important advancement toward personalized
medicine should not be overstated, as patients with PD
also share common pathophysiological pathways, such
as neuroinflammation or mitochondrial dysfunction; thus,
certain treatments can benefit many people having diseases
with seemingly different forms of development [6, 10].

Role of glutamate and NMDA receptors
in the pathogenesis and treatment of PD

Glutamate is the main excitatory neurotransmitter in the
brain and is involved in the regulation of various neurological
functions. NMDA receptors are a subtype of glutamate
receptors that play important roles in synaptic plasticity,
learning, and memory. In PD, growing evidence shows that
the dysregulation of NMDA receptors may contribute to its
pathophysiology [11, 12].

In PD, excitotoxicity is believed to be one of the main ways
that involve the NMDA receptors. As dopamine levels decrease
in the brain, glutamate release relatively increases, which can
lead to the overstimulation of NMDA receptors and ultimately
to neuronal damage. In addition to their role in excitotoxicity,
NMDA receptors may be involved in the development of non-
motor PD-related symptoms such as cognitive impairment
and depression. Studies have shown that functions of
NMDA receptors are altered in various brain regions in
patients with PD and that these changes may contribute to
the development of these non-motor symptoms [11, 13, 14].
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While the role of glutamate in PD is still being investigated,
targeting glutamate neurotransmission may represent
a potentially new therapeutic approach for this disease.
For example, drugs that modulate glutamate receptors or
reduce glutamate release have shown promising results in
preclinical studies and clinical trials [15, 16].

Effect of levodopa on the development
of dyskinesias

Levodopa, prescribed in combination with carbidopa,
is the most commonly used drug for PD treatment. As the
disease progresses, nearly all patients with PD undergo
dopamine replacement therapy using levodopa. Although
levodopa is the gold standard in the treatment of PD and
may alleviate PD symptoms, it has side effects with long-
term use [17, 18].

LID develops in approximately 80% of patients
treated for advanced PD. A deeper understanding of the
pathological mechanisms of LID and possible ways to
compensate for them would substantially improve the
treatment outcomes of patients with PD and reduce the
complexity of drug use and side effects, thereby improving
the quality of life and prolonging the life cycle. In Russia,
only one noncompetitive NMDA blocker (amantadine) is
registered for the treatment of PD. Various NMDA receptor
antagonists are undergoing preclinical and clinical trials.
Currently, amantadine and other NMDA receptor ligands
under evaluation are the most relevant methods to eliminate
LID [1, 2, 19, 20].

The study aimed to analyze the antidyskinetic effect of new
ligands of the glutamate NMDA receptor complex, namely,
1,2-substituted imidazole-4,5-dicarboxylic acids (IEM2295
and IEM2296). Based on the results of previous studies on the
activity of imidazole dicarboxylic acid derivatives and given
the similarity in the pharmacological action of amantadine
and the studied compounds, IEM2295 and IEM2296 were
assumed to demonstrate pronounced antidyskinetic activity
[21-23].

MATERIALS AND METHODS

A total of 25 rats were examined, and some were ex-
cluded from the study during the experiment. The model was
based on the toxic effect of 6-hydroxydopamine (6-HODA) on
the rat brain tissue [24, 25]. Given that 6-HODA penetrates the
blood-brain barrier poorly, the solution was injected directly
into the brain tissue through a previously provided trepana-
tion access; the surgical intervention was performed under
aseptic conditions with preliminary anesthesia. Thirty min-
utes before the administration of 6-HODA, desipramine was
injected intraperitoneally to enhance the selective toxic ef-
fect on dopamine neurons. The 6-HODA solution was injected
unilaterally into the compact area of the substantia nigra
according to the coordinates of the stereotaxic atlas. The
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neurotoxin was injected using a Hamilton syringe at a rate
of 1 uL/min.

Three weeks after surgery, the animals were placed
in polycarbonate boxes, and to assess the severity of the
damaging effect of the neurotoxin, d-amphetamine sulfate
was administered once. After 30 min, ipsilateral movements
were recorded (i.e., symptoms of damage to the cells
of the substantia nigra), and the rats that demonstrated
symptoms were included in the experiment. The remaining
animals were divided into three groups of six animals
each. Group 1 (control) received injections of only levodopa
and benserazide, group 2 received injections of levodopa,
benserazide, and IEM2295 at (test substance) a dose of
30 mg/kg, and group 3 received injections of levodopa,
benserazide, and IEM2296 (test substance) at a dose of 20
mg/kg. The doses of the studied compounds were selected
from those that demonstrated the highest antiparkinsonian
activity in previous experiments.

Each group was assessed according to the three criteria
for motor dysfunction, namely, limb dyskinesia, axial
dyskinesia, and masticatory dyskinesia.

The severity of motor functions was assessed on a scale
ranging from 0 to 4 points 35, 70, 105, and 140 min after
the administration of the above substances, where 0 was
the absence of pathological movements, and 4 indicated the
most pronounced degree of pathological movements.

Results were statistically processed using MS Excel 2010
and BioStat 2009. The normality of data distribution was
determined using the Shapiro—Wilk test. The significance of
the differences in values between groups was determined
using the Newman—-Keuls rank test.

RESULTS

When assessing limb dyskinesia (Fig. 1), statistically
significant differences were revealed between the control
group and the IEM2295 group at the 70™ (p = 0.028846),
105" (p = 0.000203), and 140" (p = 0.000195) minute and
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between the control group and the IEM2296 group at the 70"
(p = 0.039564), 105" (p = 0.000208), and 140™ (p = 0.000173)
minute.

In the assessment of axial dyskinesia (Fig. 2), statistically
significant differences were found between the control group
and group 2 at the 35" (p = 0.027807), 105™ (p = 0.005529),
and 140" (p = 0.001275) minute and between the control
group and group 3 at the 105" (p = 0.019900) and 140"
(p = 0.001174) minute.

When assessing masticatory dyskinesia (Fig. 3),
statistically significant differences were found between
the control group and group 2 at the 105" (p = 0.009257)
and 140" (p = 0.000461) minute and between the control
group and group 3 at the 105" (p = 0.020323) and 140"
(p =0.000266) minute.

In other cases, no statistically significant differences
were noted.

DISCUSSION

The results of the experiment indicated that the new
ligands of the glutamate NMDA receptor complex, namely,
IEM2295 and IEM2296, demonstrated antiparkinsonian and
antidyskinetic activities because they reduce the severity of
motor dysfunction in rats with LID in an experimental model
of parkinsonism.

Analysis of the results revealed that the greatest effect
on reducing the severity of limb dyskinesia, axial dyskinesia,
and masticatory dyskinesia in rats was registered at the
105" and 140" minute after the administration of the test
substances. Statistically significant differences between the
control group and the test group were detected at all time
points for limb dyskinesia; at the 35", 105", and 140" minute
for axial dyskinesia; and at the 105" and 140" minute for
masticatory dyskinesia.

The main hypothesis is that the new ligands of the
glutamate NMDA receptor complex, namely, 1,2-substituted
imidazole-4,5-dicarboxylic acids (IEM2295 and |EM2296),

Minimum score Median Maximum score
A MuHUManbHbIA bann MeaunaHa MaKkcuManbHbIii bann
3
2
1
0 . . . . . .
= R B &8 B R B 8 B R B B
Control Group IEM2295 IEM2296
[pynna KoHTpons M3M2295 N3IM2296

Fig. 1. Results of the assessment of limb dyskinesia
Puc. 1. PesynbTathl OLEHKM AUCKUHE3NW KOHEYHOCTEN
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Fig. 2. Results of the assessment of axial dyskinesia
Puc. 2. PesynbTaTbl OLIEHKM 0CEBON AUCKUHE3NM
Minimum score Median Maximum score
4 MuHUManbHbIA 6ann MenuaHa MakcuManbHbIn bann
3
2
1
0 . N . . . .
= B B 8 B R B § B R B &
Control Group IEM2295 IEM2296
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Fig. 3. Results of the assessment of chewing dyskinesia
Puc. 3. Pe3ynbTathl OLEHKM eBaTeNbHON AUCKUHE3NM

have antidyskinetic activity because of their noncompetitive
antagonism ability, that is, NMDA-blocking effect when
interaction with hyperactive glutamate receptors of
the striatum helps dispose of peak-dose dyskinesias
[18, 26-28].

CONCLUSION

The studied compounds demonstrated a pronounced
antidyskinetic effect on the model with the administration
of 6-HODA. Considering their effect on the glutamatergic
system, the most effective method might be the combination
with other antiparkinsonian drugs, which will allow interaction
with all pathogenetic links of PD [29].

The results indicate the prospects for the development of
these substances and further search for effective and safe
antiparkinsonian drugs in the range of compounds of this
class.
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