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The use of these data in planning the intervention allows a justified choice between standard rigid and combined
techniques, strengthening preventive measures in high-risk groups, reducing the incidence of complications, and
improving the overall safety of treatment.
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The need to develop analgesic drugs with increased efficacy and a safer safety profile remains relevant today.
Macrocyclic derivatives of y-aminobutyric acid (GABA) are considered a promising direction in the search for new
agents with central analgesic activity. Previous studies have demonstrated that a new molecule, N-(y-aminobutyry-
lo)-1-aza-4,7,10,13-tetraoxacyclopentadecane hydrochloride (compound C-3), exhibits pronounced analgesic activ-
ity in various models of pain perception. The aim of the study was to investigate the central and peripheral mech-
anisms of analgesia of compound C-3 in rats, as well as to evaluate the involvement of the opioid and cannabinoid
systems in its realization. The contribution of central analgesic mechanisms was assessed using the formalin test;
changes in analgesic activity following administration of pharmacological antagonists were evaluated in the tail-flick
model, while anti-inflammatory activity was studied in the carrageenan-induced paw edema model. To elucidate the
mechanisms of action, opioid receptor antagonists (naloxone, nor-BNI) and a cannabinoid CB; receptor antagonist
(AM 251) were used. It was established that administration of compound C-3 (1 mg/kg, intraperitoneally) produced
a pronounced analgesic effect, predominantly in the first phase of the formalin test, indicating the predominance
of central antinociceptive mechanisms. The anti-inflammatory effect was weak — 17.3% compared with 73% for
diclofenac sodium. Pre-administration of naloxone and nor-BNI only partially reduced the effect of the compound,
whereas AM 251 almost completely abolished it. Thus, the analgesic action of compound C-3 is mediated predom-
inantly through CB;-dependent pathways, with a lesser contribution of the opioid system. The obtained results in-
dicate that compound C-3 may represent a promising prototype for the development of new non-opioid analgesics
with a mechanism of action associated with the endocannabinoid system.

Key words: crown ethers, y aminobutyric acid, opioid receptors, CB;-cannabinoid receptors, pain models.
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Connection of the publication with planned re-
search work.

The work is part of the research project of the De-
partment of Pharmacology of National Pirogov Memo-
rial Medical University, Vinnytsya titled “Study of the
pharmacological properties of biologically active com-
pounds of plant and synthetic origin,” state registration
number 0124U000156.

Introduction.

Despite the availability of a wide range of analgesic
agents, the problem of effective and safe analgesia re-
mains one of the most pressing issues in modern med-
icine. Classical nonsteroidal anti-inflammatory drugs
(NSAIDs) and opioids have a number of limitations asso-
ciated with the development of adverse effects, gastro-
intestinal complications, cardiotoxicity, as well as the de-
velopment of tolerance and addiction during prolonged
use — which is formed already at the level of p-opioid
receptors and limits the effectiveness of pain therapy of
various etiologies (for example, in chronic pain) [1, 2].
This determines the need to search for new pharmaco-
logical agents capable of providing pronounced analge-
sic effects with a better safety profile and minimal addic-
tive potential.

A promising direction is the development of new de-
rivatives of y-aminobutyric acid (GABA), including com-
pounds based on macrocyclic crown ethers, which can
act as carriers of biologically active groups and modifi-
ers of permeability across the blood-brain barrier. Mac-
rocyclic compounds, in particular crown ethers, due to
their structure, are capable of forming complexes with
ions or ligands, potentially altering the physicochemical
properties of molecules and increasing bioavailability
during transmembrane transport [3, 4]. Such systems
may serve as effective carriers for delivering GABA deriv-
atives or other analgesic agents to the central nervous
system, providing selective delivery with minimal sys-
temic adverse effects.

GABA is the principal inhibitory neurotransmitter of
the central nervous system and plays animportantrolein
the regulation of neuronal excitability and, accordingly,
nociceptive processing of pain signals. Positive allosteric
modulators of GABA receptors are capable of enhancing
the inhibitory effect of GABA and have demonstrated
analgesic potential in preclinical models [5]. This makes
GABA-oriented derivatives promising candidates for the
development of a new generation of analgesics with po-
tentially lower central and peripheral adverse effects.

Pain perception is formed by a complex interaction
of central and peripheral mechanisms, in which both the
opioidergic and endocannabinoid systems play import-
ant roles. Both systems are widely distributed in struc-
tures involved in the transmission and modulation of
pain signals, such as the dorsal horns of the spinal cord
and supraspinal centers of pain processing [6]. Recent
review data emphasize that opioid and cannabinoid
receptors not only modulate the primary transduction
of pain signals but also interact at the molecular level,
forming shared pathways of nociception regulation both
under physiological conditions and in pathological pain
states [7].

Among macroheterocyclic systems modified with
amino acid fragments, a promising compound -
N-(y-aminobutyryl)-1-aza-4,7,10,13-tetraoxacyclopenta-
decane hydrochloride (gabalgine) — was identified at the

O.V. Bogatsky Physico-Chemical Institute of the National
Academy of Sciences of Ukraine based on an analysis
of the “structure-psychotropic activity” relationship.
The molecule represents a conjugate of y-aminobutyric
acid (GABA) and a macrocyclic fragment of monoaza-15-
crown-5.

Incorporation of GABA into the crown ether structure
enhances the permeability of the pharmacophoric group
across the blood-brain barrier due to the membrane-ac-
tive properties of the macrocycle. Covalent conjugation
with the macrocyclic system leads not only to quantita-
tive modification of the effects but also to their qualita-
tive transformation with redistribution of the dominant
and secondary manifestations of psychotropic activity.
Previous studies have shown that compound C-3 is char-
acterized by pronounced analgesic potential in acute
pain syndrome, which may be associated with modula-
tion of inhibitory pathways in the CNS [7]. However, the
mechanisms through which this effect is realized remain
insufficiently studied, particularly in the context of the
contribution of the opioidergic and cannabinoid compo-
nents to the formation of the overall analgesic response.

Thus, considering the complex neurotransmitter reg-
ulation of pain, it is relevant to investigate the contri-
bution of opioidergic, cannabinoid, and GABA-mediated
mechanisms to the realization of the analgesic action of
new compounds based on GABA and macrocyclic sys-
tems, as well as to determine their potential advantages
compared with traditional NSAIDs and opioids.

The aim of the study.

To determine the central and peripheral mech-
anisms of the analgesic action of N-(y-aminobutyr-
yl)-1-aza-4,7,10,13-tetraoxacyclopentadecane  hydro-
chloride in rats, with an assessment of the possible
involvement of the opioidergic and cannabinoid systems.

Object and research methods.

The experiments were performed on 147 sexually
mature male Wistar rats weighing 250+20 g obtained
from the breeding facility of the State Institution “In-
stitute of Pharmacology and Toxicology of the National
Academy of Medical Sciences of Ukraine”. The use of
male animals was determined by the need to minimize
biological variability associated with cyclic changes in sex
hormone levels in females during the estrous cycle. It is
known that estrogens can modulate nociceptive sensi-
tivity, influence the expression and functional activity of
opioid and cannabinoid receptors, and alter processes of
central sensitization. Considering the receptor-mediated
nature of the investigated mechanisms of analgesia, the
use of male animals allowed reduction of hormone-re-
lated fluctuations in the studied parameters and in-
creased the internal validity of the experimental model.

Laboratory animals were housed under standard vi-
varium conditions at National Pirogov Memorial Medical
University, Vinnytsya (light cycle 12/12 h, temperature
2142°C, relative humidity 50£5%) with free access to
water and standard food. After a 10-day acclimatization
period, the animals were weighed, marked, and random-
ly assigned to groups according to the study design. Ex-
periments were performed in the morning hours (from
10:00 a.m.), which minimized the influence of circadian
variations in reactivity.

Each experimental group included seven animals.
The sample size was determined taking into account the
3R principles (Replacement, Reduction, Refinement),
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the standard practice of studies using acute nociception
models, and the recommendations of the local bioeth-
ics committee. To reduce the risk of false-positive and
false-negative results, random allocation of animals be-
tween groups, body weight matching, standardization
of experimental conditions and testing time, the use
of validated pain models (formalin test, tail-flick, car-
rageenan-induced edema), and appropriate statistical
analysis using the nonparametric Mann—-Whitney U test
were ensured. The observed effects were consistent in
direction and statistically significant, indicating sufficient
sensitivity of the selected experimental design to detect
pharmacologically relevant changes.

All procedures were performed in accordance with
the provisions of the European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes [8] and were approved
by the Bioethics Committee of National Pirogov Memo-
rial Medical University, Vinnytsya (Protocol No. 9 dated
10.10.2025).

According to the aim of the study, animals were divid-
ed into experimental groups of seven individuals each.
Rats of the experimental groups received compound
C-3 intraperitoneally at the median effective dose (EDso)
determined in previous studies for analgesic activity —
1 mg/kg [9] — as well as the reference drug diclofenac
sodium (Sigma-Aldrich, St. Louis, MO, USA) at a dose of
8 mg/kg.

Animals in the control groups received equivalent
volumes of 0.9% sodium chloride solution. For pharma-
cological analysis of the mechanisms of analgesic action,
the following agents were used: the full p-opioid recep-
tor agonist morphine hydrochloride (Sigma-Aldrich, St.
Louis, MO, USA); the partial k-opioid receptor agonist
nalbuphine hydrochloride (Sigma-Aldrich, St. Louis, MO,
USA); the full nonselective opioid receptor antagonist
naloxone hydrochloride (Sigma-Aldrich, St. Louis, MO,
USA); the selective k-opioid receptor antagonist nor-bin-
altorphimine dihydrochloride (nor-BNI) (Tocris Biosci-
ence, Bristol, UK); and the selective CB; cannabinoid
receptor antagonist AM-251 (Cayman Chemical, Ann
Arbor, MI, USA). The doses of pharmacological analyzers
were selected according to literature data.

The study design was constructed taking into ac-
count current concepts of the multilevel organization of
nociception and the possibility of differentiating central
and peripheral mechanisms of analgesia. The formalin
test was chosen as the basic experimental model be-
cause it allows simultaneous evaluation of peripheral
and central components of the pain response due to its
biphasic nature [10]. Considering that the second phase
of the formalin test is largely associated with the release
of inflammatory mediators (prostaglandins, cytokines,
growth factors), the next logical step was the use of the
carrageenan-induced rat paw edema model. This model
is widely used to assess the influence of pharmacologi-
cal agents on peripheral inflammatory mechanisms and
molecular targets associated with the cyclooxygenase
cascade [11].

To clarify the central mechanisms of analgesia, a
pharmacological approach using selective receptor an-
tagonists was applied. Sequential blockade of opioid and
cannabinoid receptors made it possible to evaluate the
contribution of the respective neurotransmitter systems

to the analgesic effect of the studied compound and to
determine their hierarchical interaction.

To assess the central and peripheral components of
the analgesic action of the studied compound, the for-
malin test was used as a model of chemically induced
pain characterized by a biphasic nociceptive response.
After subplantar injection of 0.1 ml of a 5% formalin
solution into the hind paw, pain behavior was record-
ed in the form of licking, biting, or lifting of the affected
paw. The first (early) phase of the pain response, which
develops during the initial period after formalin adminis-
tration, is associated with direct activation of peripheral
nociceptors and mainly reflects the central component
of pain. The second (late) phase, which occurs after a
short latent period, is caused by the development of an
inflammatory process and central sensitization and is
considered an indicator of peripheral nociceptive mech-
anisms. Observation of the animals lasted 60 minutes.
Changes in the duration of the latent period of the phase
and in the duration of the nociceptive response during
this phase indicated the strength of the analgesic action
of the studied drugs.

The involvement of the opioidergic and cannabinoid
systems in the realization of the analgesic action of the
studied compound was determined using selective phar-
macological antagonists in the tail-flick model of ther-
mal stimulation by directing a focused beam of light to
the upper third of the rat tail using an analgesimeter
(Ugo Basile, Italy). The latency of tail withdrawal from
the heat source was measured in seconds. Baseline val-
ues of the latency period and its changes 2 hours after
administration of the studied compound and reference
drugs were compared.

The anti-inflammatory activity of the compound
was evaluated using the carrageenan-induced rat paw
edema model [12, 13]. Limb volume was measured
using a Plethysmometer (Ugo Basile, Italy) before ad-
ministration of 0.1 ml of 1% carrageenan solution and
180 minutes after its administration (the peak of the in-
flammatory response). Rats of the experimental groups
received the studied compounds intraperitoneally 1
hour after carrageenan administration, while animals of
the control group received an equivalent volume of sol-
vent. Based on the obtained data, the increase in paw
volume and anti-exudative activity compared with the
control were calculated. Anti-exudative activity was de-
termined by the degree of edema reduction in experi-
mental animals compared with control animals and was
expressed as a percentage and calculated using the fol-
lowing formula:

AEA AVc — AVe
AVc X
where AEA is the anti-exudative activity (%);

AVc is the mean difference in volume between the
edematous and non-edematous paws in the control
group;

AVe is the mean difference in volume between the
edematous and non-edematous paws in the experimen-
tal group.

Statistical analysis of the results was performed using
SPSS Statistica 17.0 software. The results were present-
ed as the mean = standard error of the mean (Mzm).
The significance of differences between indicators was
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determined using the nonparametric Mann—Whitney U
test. Differences were considered statistically significant
at p<0.05.

Research results and their discussion.

According to the results of previous studies, com-
pound C-3 demonstrated pronounced analgesic activity
in various models of pain perception, and its median
conditionally effective dose for analgesic activity (1 mg/
kg, intraperitoneally) was determined. The next stage
was to evaluate the central and peripheral components
of this activity using the formalin test model. The results
are presented in table 1.

Table 1 — Analgesic activity of compound C-3

in the formalin test model (Mtm)

present study, it was established that compound C-3
exerts a pronounced analgesic effect predominantly in
the first phase of the formalin test, whereas its influence
on the second, inflammatory phase was minor and did
not reach statistically significant values. Such a profile
of action indicates a limited involvement of peripheral
anti-inflammatory mechanisms in the realization of the
analgesic effect of the studied compound.

Considering that inflammatory mediators play a
leading role in the formation of the second phase of the
formalin test, the next logical step was to investigate
the anti-inflammatory activity of compound C-3 using
the carrageenan-induced rat paw
edema model. This model is a clas-
sical tool for evaluating the influ-

Notes: * — statistically significant differences compared with the control (p<0.05); # — statistically

significant differences compared with diclofenac (p<0.05).

Administration of N-(y-aminobutyryl)-1-aza-
4,7,10,13-tetraoxacyclopentadecane hydrochloride
(compound C-3) at a dose of 1 mg/kg was accompanied
by pronounced analgesic activity in the formalin test.
In the first phase of the test, a statistically significant
prolongation of the latency period of the pain response
was observed, increasing 2.43-fold compared with the
control group, while the duration of pain behavior in
this phase was 1.53-fold lower than in control animals
(p<0.05). The standard NSAID diclofenac sodium, ad-
ministered at its optimal analgesic dose, had virtually no
effect on the parameters of this phase of the formalin
test. The effect of compound C-3 on the second phase of
the formalin test was less pronounced and did not reach
statistical significance, whereas diclofenac significantly
increased the latency period and reduced the duration
of the pain response in this phase of the test.

The obtained results of the formalin test made it
possible to perform a preliminary differentiation of the
mechanisms underlying the analgesic action of com-
pound C-3. It is known that the biphasic nature of the
pain response in this test reflects the involvement of
different pathogenetic components of nociception: the
early phase is associated with direct activation of pe-
ripheral nociceptors, whereas the late (inflammatory)
phase is caused by the release of inflammatory medi-
ators (prostaglandins, bradykinin, cytokines), as well as
the development of central sensitization [14-16]. In the

Table 2 — Anti-inflammatory activity of compound C-3
in a carrageenan-induced paw edema model in rats

Phase | Phaseg : ence of substances on the synthesis
) uration ; ; R
Experimental conditions Latent gil:,r?;::::ig; Latent of pain i.nd actlog ofhprostag!arfwld|ns, cyto
period, min P ) ’| period, min | reaction, Ines, and other pro-inflammatory
30010 min. molecules [17].

Control, n=7 1.7940.46 | 5.44+0.58 | 20.45£3.23 | 32.12+3.23 The results are presented in
C-3, 1 mg/kg, n=7 4.36£0.73%#| 3.5420.20%# | 22.73:1.21 | 30.0+1.004 | 12Ple 2. It was established that
following administration of the

. . _ * * * . .
Diclofenac sodium, 8 mg/kg, n=7 | 1.9940.20 | 5.59+0.41* [26.38+0.91*|26.27+1.06 phlogogen, the anti-exudative ac-

tivity of compound C-3 was 17.3%,
which was substantially lower than
the effect of diclofenac sodium
(73.0%). The results of the carrageenan test demonstrat-
ed only weak anti-exudative activity of compound C-3,
which is consistent with the data obtained in the forma-
lin test and confirms the absence of a pronounced effect
on peripheral inflammatory mechanisms. The overall
set of obtained data allows the conclusion that central
mechanisms predominate in the structure of the analge-
sic action of compound C-3.

Further investigation was aimed at identifying the
central neurotransmitter systems involved in the reali-
zation of the analgesic effect. As is known, opioid recep-
tors play a key role in the regulation of central nocicep-
tive transmission, and their pharmacological blockade
makes it possible to evaluate the contribution of endog-
enous opioid mechanisms to the realization of analgesic
effects [18, 19].

In the present study, pre-administration of naloxone
resulted in a partial but statistically significant reduction
of the analgesic effect of compound C-3, by an average
of 60-65%, indicating the involvement of the opioidergic
system; however, this does not allow it to be considered
the sole or dominant mechanism of action (fig.). Under
similar conditions, the analgesic effect of morphine (an
agonist of opioid p-, k-, 6-, and o-receptors) decreased
much more markedly in the presence of naloxone (85-
90%), whereas the analgesic action of the opioid recep-
tor agonist-antagonist nalbuphine, following prior block-
ade of opioid receptors with naloxone, decreased only
partially (no more than 50-55%).
The antinociceptive activity of the

non-opioid analgesic diclofenac so-

Notes: * — statistically significant differences compared with the control (p<0.05); # — statistically

significant differences compared with diclofenac (p<0.05).

L Limb volume ; :
Compound Dose \?jzﬂge(rlrm?) after 180 i\rllglrue:;ee AEA (%) Fllum .rembalmekd duncl;angeqdfollow
minutes (mm?) ing prlc:jr lockade o (::‘plzl recep-
c3 1mg/kg | 218,1+14,2 468,0436,4 | 249,9+38.8# | 17,31 | Lors- Administration of the carrier
(crown ether) as monotherapy, as
Diclofenac 8 mg/kg 214,1+11,5 295,6+14,5 81,47+8,67* 73,04 well as after prior blockade of opi-
Control - 210,9%8,77 513,1+21,5 302,2+17,07 0 oid receptors with naloxone, was

not accompanied by an analgesic
effect.
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At this stage, analysis of the
chemical nature of the studied
compound becomes particularly
important. It is known that C-3 is a
derivative of crown ethers — mac-
rocyclic compounds widely used
as carriers and modulators of bio-
logically active substances. In the
structure of C-3, y-aminobutyric
acid (GABA) is localized within the
macrocyclic “crown,” forming an
integral supramolecular system.

%
250,0

200,0

150,0
11,2
100,0

53,2*

50,0

0,0

211,0

151,5

84,5
61,8 585

26,8

14,0 14,6

According to literature data,
crown ethers that do not contain
pharmacologically active frag-
ments do not exhibit intrinsic an-
tinociceptive activity and do not

significantly affect central mech-
anisms of pain [20]. At the same
time, it is known that exogenous
GABA, when administered sys-
temically, has a limited ability to penetrate the
blood-brain barrier and is not directly involved
in modulation of the opioidergic system [21, 22].

Figure — Changes in the analgesic activity of the tested compounds following naloxone
administration in the tail-flick test (Mim, n=7).

Notes: * — statistically significant differences (p<0.05) compared to baseline.
Table 3 — Changes in the latency period of the pain

response in rats (PPR) following administration of opioid
and cannabinoid system antagonists in the tail-flick test

Moreover, GABAergic mechanisms are not asso-
ciated with direct activation of opioid receptors,

and their analgesic effect is mediated indirectly

[23].
Taking into account current concepts of the

functional interaction between the opioid and |%

cannabinoid systems in the central regulation of

pain [24, 25], the next logical step was to inves-
tigate the role of cannabinoid receptors. Pre-ad-

ministration of the CB; cannabinoid receptor

antagonist AM-251 significantly reduced the an- |

(Mtm, n=7)
Compound, dose iz e After 2 hours
level, s
Control (solvent) 5.51+0.40 5.51+0.39
compound C-3 (1 mg/kg) 9.76+0.49*
4.68+0.34
+112.2
compound C-3 (1 mg/kg) + AM-251 1 mg/kg 8.59+0.30*/**
6.70+0.16
% +28.0
Eo\mpound C-3 (1 mg/kg) + nor-BNI (5 mg/ 13.741.12*
g 7.30+0.09
+88.2

algesic effect of compound C-3 (table 3). In con-
trast, blockade of k-opioid receptors with nor-bin-
altorphimine resulted only in a partial decrease
in antinociceptive activity, which did not reach statistical
significance.

The observed significant reduction in the analgesic
effect of compound C-3 following blockade of CB,; canna-
binoid receptors indicates a substantial contribution of
the cannabinoid system to the realization of its central
antinociceptive action. In contrast, the partial and statis-
tically non-significant effect of k-opioid receptor block-
ade suggests their secondary role in the mechanisms of
analgesia.

Thus, a sequential analysis of the results obtained in
different experimental models allows the analgesic ac-
tion of compound C-3 to be considered predominantly
central, with partial involvement of the opioidergic and
cannabinoid systems, with a dominant contribution of
CB;-mediated mechanisms.

Notes: * — statistically significant differences (p<0.05) compared to baseline; ** —
statistically significant differences (p<0.05) compared to compound C-3.

Conclusions.

1. N-(y-aminobutyryl)-1-aza-4,7,10,13-tetraoxacy-
clopentadecane hydrochloride exhibits pronounced an-
algesic activity in rats.

2. The analgesic action of the compound is realized
predominantly through central mechanisms, as evi-
denced by its dominant effect in the first phase of the
formalin test and weak anti-inflammatory activity.

3. Both the opioidergic and cannabinoid systems are
involved in the mechanisms of analgesic action, particu-
larly with the participation of CB; cannabinoid receptors.

Prospects for further research.

Further investigation of the receptor specificity and
intracellular signaling pathways involved in the realiza-
tion of the analgesic action of the compound, as well as
evaluation of its safety profile and addictive potential.
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AHANBFETUYHOI Ali N-(y-AMIHOBYTUPWU/)-1-A3A-4,7,10,13-
TETPAOKCAUUKNONEHTAAEKAHY rgrpoxnopruvayy WiypriB

BiHHMLUbKKMIA HaLiOHaNbHUIT MeauUHUiA yHiBepcuTteT im. M.I. Muporoea (m. BiHHuuA, YKpaiHa)
voloshchuknatali@gmail.com

Mompeba y cmeopeHHi 3HeboK0YUX AIKAPCbKUX 3acobie 3 nidsuuweHow eghekmusHicmio ma 6e3nevyHiwum
npoginem HaApasi 3aAUWAEMbLCA AKMYanbHOK. MaKpoyuKniyHi noxioHi y-amiHomacnsaHoi Kucaomu (TAMK)
p0327180ar0MbCA AK NepcrnekmueHuUli Hanpam y nowyKy Hosux 3acobie yeHmpasabHoi aHaabzemu4vHoi Oil. [TonepedHi
00cn1iOHceHHA NpodeMoHCcmpysanu HaseHicme y Hoeoi monekynu N-(y-amiHomacnsapuno)-1-aza-4,7,10,13-
mempaoKcauyuKknoneHmaoekaH 2iopoxsaopudy (crnoayku C-3) eupasHoi aHasbeemuyHoi Oil Ha pi3HUX MoOesax
60nb0860i nepuyenuii. Memoro 0ocnioreHHs bysa10 suBYUMU UeHMPAsbHI ma rnepugepuyHi MexaHiamu aHanbeesii
cnonyku C-3 'y wypis, @ makoxc oyiHUMu y4acme onioioHoi ma KaHabiHoiOHoi cucmem y if peanizayii. OuiHKa y4acmi
UeHmMpanbHUX MexaHiamie 3Heb6o1eHHA 8U3HAYAIU 30 O0MOMO20t0 (hOPMAsiHOB8020 mecmy 3MiHU AHAMb2eMUYHOT
aKmusHocmi Ha msi 88e0eHHA hapmMaKoso2iYHUX aHanizamois Ha modeni tail-flick, npomusanansHy — Ha modeni
KapazeHaHo8020 HAbpAKy aanu. [na 3’acye8aHHA MexaHizmie Oil 3acmocosyeanu aHmMa2oHicmu omnioiOHUX
peuenmopie (HanokcoH, nor BNI) ma aHmazoHicm kaHabiHoidHux CBi;-peuyenmopis (AM 251). BcmaHoesneHo, wo
gsedeHHs croayku C3 (1 me/ke, e8/o4epeBuUHHO) CrpUYUHIOE supaxceHull aHanzemuyHull egexkm, nepesamcHo
y nepwili ¢asi popmaniHoso2o mecmy, wWo c8i0YUMb PO OOMIHYBAHHA UeHMpPAsabHUX QHMUHOKIUernmueHuUxX
mexaHiamie. [MpomuszananeHa 0ia susasuaaca caabkow — 17,3% nopieHAaHO 3 73% 0514 HaMPpito OUKAOGEHAKY.
lonepedHe 8sedeHHA HA/AOKCOHY ma nor BNI auwe 4acmKoso 3HUXCY8AaA0 eghekm crionyku, modi ak AM 251
malixce nosHicmio lio2o ycysas. TaKum YUHOM, aHasnbzemuyHa 0is crnosayku C3 peanizyemoca nepesamcHo 4yepes
CB;-30n1eMCHi WAaxu 3 MeHWor ydyacmio onioidHoi cucmemu. OmpumaHi pesysasmamu ceioyams, ujo croayka C3
MOoXce bymu nepcrnekmusHUM Mpomomunom 045 po3pobaeHHA HOBUX He OMiOiOHUX AHAMAb2eMUKI8 i3 MEXAHI3MOM

0ii, noe’a3aHuUM 3 eHOOKaHabiHOIOHO cucmemoro.

Knro4oei cnoea: kKpayH-emepu, y-aMiHOMACAAHA KUcsioma, onioioHi peyenmopu, CB;-kaHabiHOIOHI peyenmopu,

eKkcriepumeHmarnoHi modesi 6osto.

38’A30K nyb6niKauii 3 n1aHOBMMM HayKOBO-A0CNIg-
HUMMK poboTamu.

PoboTa € ¢pparmeHTom HOP Kadenpu dpapmakonorii
BHMY im. M.1. Muporosa “OocnigreHHs dapmakooriy-
HWX BNACTMBOCTEN BiONOFYHO aKTUBHUX CMOAYK POC/AUH-
HOTO Ta CUHTETUYHOTO NOXOAMKEHHSA”, HOMep AeprKaBHOI
peectpauii 0124U000156.

Bcryn.

He3Baxaloum Ha HaABHICTb LUMPOKOrO CheKTpa
3HeboloBaNbHUX 3acobiB, nNpobnema edeKkTUBHOI Ta
6e3neyHoi aHanbresii 3a/IMWAETbCA OAHIEHD 3 HAMAKTY-
aNbHIWNX Yy CyYdacHin meanumHi. KnacuuyHi HectepoigHi
npoTtusananbHi npenapatu (HM3M) Ta onioign matoTb
HU3KY 0bMeKeHb, NOB’A3aHUX i3 PO3BUTKOM MOBIYHMX
edeKTiB, racTpoiHTECTUHANbHUX YCKAAAHEHb, Kapaio-
TOKCUYHOCTI, @ TAKOX PO3BUTKOM TONIEPAHTHOCTI 1 afiuK-
uii Nnpu TpWBanOMy 3acCTOCyBaHHI — WO GoOpPMYyeTbCA
B)KE€ Ha PiBHIi Y-0NioigHNX peuenTopiB i 0bmerKye edek-
TUBHIiCTb Tepanii 6ot pi3HOI eTionorii (Hanpuknaga, vy
XpoHiyHomy 6onto) [1, 2]. Lie o6ymoBntoe HeobxiaHicTb
MowyKy HOBMX GAaPMaKOMOFYHUX areHTiB, 34aTHUX 3a-
6e3neuyBaTN BUPAXKEHY aHaNbreTUYHy Aito Npu KpaLo-
My npodini 6e3neyHocTi Ta MiHIManbHOMY aAUKTUBHO-
My noTeHuiani.

MepcnekTMBHMM HaNPAMOM € CTBOPEHHA HOBUX MO-
XigHWUX y-amiHomacnsaHoi kKucnotn (TAMK), BKAOYHO 3i
CNONlyKaMW Ha OCHOBI MaKpPOLMKNIYHUX KpayH-eTepis,
AKI MOXKYTb BMCTYNaTW AK HOCIii 6i0N0MYHO aKTUBHUX
rpyn Ta moamdikaTopu MPOHUKHOCTI Yepe3 remaToeH-
uedaniyHnin 6ap’ep. MaKpOLMKAIYHI CNONYKM, 30Kpema
KpayH-eTepw, 3aBAAKU CBOIN CTPYKTYpi 34aTHi dopmy-

BaTM KOMIMJIEKCK 3 ioHamu abo niraHgamm, NOTEHLUiNHO
3MiHI0HYM Bi3UKO-XIMIYHI BNACTUBOCTI MONEKYA i NigBu-
wytoum BiogocTynHicTb Npu TpaHc-membpaHHOMY ne-
peHeceHHi [3, 4]. Taki cuctemun MOXKyTb CTaTU edeKTUB-
HUMMK HociaMK gna nepeHeceHHA TAMK-noxiaHux abo
iHWWX aHANbreTUYHUX areHTiB Yy LEHTpasibHy HepBOBY
cuctemy, 3abesnevyroumn cenekTUBHY AO0CTaBKYy Npu mi-
HiIMaNIbHUX CUCTEMHUX NOBIYHNX ePeKTax.

TAMK € ronoBHMM iHriGiTOpHMM HellpomeiaTopom
LeHTPa/IbHOi HEPBOBOI CUCTEMM, LLO BiZirpae BaXAnBy
posib y perynaujii HelpoHanbHOi 36yANMBOCTI i, BiANoBiA-
HO, HOLMLLENTUBHOT 06PO6KM curHanis 60t0. NMO3UTUBHI
anoctepuyHi mogudikatopn FAMK-peuenTopiB 34aTHI
nocuatoBaTu iHribiTopHuin Bname FAMK i matoTb foBese-
HWIM aHaNbreTUYHWI NOTEHLLAN Y MPEKNIHIYHUX Moaenax
[5]. Ue pobutb FAMK-opieHTOBaHi NoxiaHi nepcnexkTme-
HUMW Y CTBOPEHHI HOBOTO MOKO/iIHHA aHA/IbreTHKIB 3 No-
TEHLiMHO HUXYMMU LLEHTPANbHUMM Ta NepudepudHnmm
nobiYHMMK edekTamu.

bonboBa nepuenuia GopMyeTbCA CKNALHOK B3AE-
MOZJ€EI0 LUEHTPANbHUX i NepudepuyHnX mexaHismis, ge
Baromy poJib BiZirpatoTb AK ONioigepriyHa, Tak i eHJoKa-
HabiHoigHa cuctemun. O6UABI CMCTEMM LLIMPOKO PO3MOAi-
NeHi B CTPYKTYpax, LLO 3a/7yyeHi 4o nepesadi M moayna-
Lii 601bOBUX CUrHaNIB, HaNPUKNA4 B 4OPCaNbHUX porax
CMMHHOFO MO3KY Ta CynpacniHaibHUX LleHTpax 60/bo-
BOro aHanisy [6]. OctaHHi ornafoBi AaHi NigKpecnoTb,
o onioigHi M KaHabiHOIgHI peuenTopu He Auwe mo-
OYNI0I0Tb NEePBUHHY TPaHCAYKLito 60/1b0BUX CUTHANIB,
a 1 B3AaEMOAIIOTb HAa MOJIEKYIAPHOMY pPiBHi, dopmytroun
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CNiNbHi WAaxM perynauii Houuuenuii AK y 340poBOMY
CTaHi, TaK i Npun natonoriyHomy 6onto [7].

Cepes, MaKpOreTepPoUMKNIYHMX cucTeM, Moandiko-
BaHMX aMiHOKMCAOTHUMKU dparmeHTamu, y Disnko-xi-
MiYHOMY iHCTUTYTI im. O.B. Boratcbkoro HAH YkpaiHu Ha
niAcTasi aHaNi3y 3aN1eXHOCTI KCTPYKTYpPa — NCUXOTPOMNHaA
AKTMBHICTb» BY/10 BUOKPEMIEHO NEPCMNEKTUBHY CMOJYKY
N-(y-amiHo6yTnpun)-1-asa-4,7,10,13-TeTpaoKcaLmKio-
neHTageKaHy rigpoxnopug, (rabanbrin). Monekyna asnse
coboto KoH’torat y-amiHomacnsaHoi kucnotn (TAMK) Ta
MaKpOUMKNIYHOTO dparmeHTa MOHOa3a-15-kpayH-5.

IHKopnopauia TAMK y CTpyKTypy KpayH-eTepy cnpu-
A€ NiABULEHHIO MNPOHMKHOCTI dpapmakodopHOi rpynu
yepes rematoeHuedaniyHnin bap’ep 3aBAAKM Membpa-
HOAKTMBHUM BNACTMBOCTAM MaKpoUMKay. KoBaneHTHe
NOEAHAHHA 3 MAaKPOLMKAIYHOK CUCTEMOIO 3YMOBJIIOE HE
e KinbKicHy moandikauito edekris, ane i ix AKicHy
nepebynoBy 3 Nepepo3noLiiom AOMIHYOUNUX Ta A4PYro-
PALHMX NPOABIB NCMXOTPOMNHOI aKTUBHOCTI. MNonepeaHi
OOCNiAXEHHA NoKasanu, wo cnonyka C-3 xapakrtepusy-
€TbCA BUPAXKEHNM aHA/IbTETUYHUM NOTEHLLia/IOM MPW ro-
cTpomy 60/1bOBOMY CUHAPOMI, WO MOXKe 6yTM nos’s3a-
HO 3 Moaynsuieto iHribiTopHux waaxis y LLHC [7]. MNpoTe
MexaHi3mK, yepes AKi peanisyeTbea Lein edpekrT, 3anumwa-
I0TbCA HEeAOCTaTHbO BUBYEHWMMMU, 30KPEMA Y KOHTEKCTI
BHECKY onioigepriyHoi Ta KaHabiHOiAHOI KOMMOHEHT Y
dopmMyBaHH#A 3aranbHOi 3HeGONOBaNbHOI BiANOBIA.

TakMM YMHOM, 3 ypaxyBaHHAM CKAaZHOi Helipome-
AiaTopHOT perynauii 6010, akTyasbHUM € AO0C/IANKEHHS
BHECKY onioigepriyHux, KaHabiHoigHux i TAMK-onoce-
peaKoBaHUX MexaHi3MiB y peanisau,ito 3Heb601t0BaNbHOT
AT HoBMX cnonyk Ha ocHoBi TAMK i MaKpOUMKAIYHMX
CMUCTEeM, A TAKOXK BU3HAYEHHA iX NOTEHLiNHUX NnepeBsar y
NopiBHAHHI 3 TpaamuinHumu HM3IM Ta onioigamu.

Merta gocnigKeHHs.

Bu3HauyeHHA LEHTpanbHUX i nepudepuyHmnx mexa-
Hi3miB aHanbretmuHoi aii N-(y-amiHobyTmpun)-1-asa-
4,7,10,13-TeTpa0OKcaLMKNONEHTaAeKaHy rigpoxnopuay
Y LYpPiB 3 OUIHKOK MOXXAMBOI y4acTi onioigepriyHoi Ta
KaHabiHoiaHOI cnuctem.

O6’eKT i meTOaM AoCNiAXKEHHA.

Jocnian BUKOHaHI Ha 147 ctateBo3pinux 6innx na-
6opaTopHUX Wypax-camusax AiHii Wistar macoto 250120
I, OTPUMaHMX 3 po3nAigHuka Y «IHcTUTyT hapmakonorii
Ta TokcuKkosorii HAMH YkpaiHu». BUKOpUCTAHHA TBApUH
came 40/10BiY0i cTaTi 6y/N10 3yMOBNIEHO HEOBXIAHICTIO Mi-
HimizyBaTu 6ionoriuHy BapiabenbHicTb, NOB’A3aHY 3 UK-
KNYHMMWM 3MiHAMM PiBHIB CTaTEBUX FTOPMOHIB Y CaMULib
nig 4Yac ecTpanbHOro uUMKAy. Bigomo, wo ectporeHn
3[aTHi MOAyNtOBaTU HOUMLENTUBHY YyTIMBICTb, BM/U-
BaTW Ha eKcnpecito Ta GyHKLIOHANbHY aKTUBHICTb Onio-
iAHWX | KaHAbIHOIAHWMX peLLenTopiB, a TAKOXK 3MiHIOBATH
npouecu LeHTpanbHOoI CeHCUTU3aLil. 3 ornaay Ha peuen-
TOPHO-0MOCEePEAKOBAHUI XapaKTep AOCAIAKYBAaHUX Me-
XaHi3MiB aHa/sbresii, 3aCTOCyBaHHA CaMLiiB A03BO/NIO0
3MEHLUNTM FOPMOHANIbHO OBYMOB/IEHI KONMBAHHA MNoO-
Ka3HWKIB i NiABULMTM BHYTPILWHIO BaNigHICTb eKcnepu-
MEeHTaNbHOI moaeni.

JlabopaTopHi TBApWMHU YyTpUMyBanUCA Yy CTaHAAPT-
HUX ymoBax BiBapito BHMY im. M.I. NMuporosa (cBitno-
BuiA pexknm 12/12 roa, temnepaTypa 21+2°C, sigHOCHa
Bonorictb 50+5%) 3 BiNbHMM AOCTYNOM A0 BOAM Ta CTaH-
JapTHoro kopmy. Micna 10-geHHoro nepioay agantau,ii
TBapUWH 3Ba*KyBa/IM, MapKyBa/iM Ta paHAOMI30BaHO pO3-
noAiNAAM Ha rpynu BiANOBIAHO A0 AN3aMHY AOCNIAXKEH-

HA. EKCnepuMmeHTM MpOBOAMAWM Y PaHKOBI roavHu (3
10:00), wo [03BONSANO MiHIMI3yBaTM BMNAMB LMPKALHUX
KO/IMBAHb PEaKTUBHOCTI.

Y KOMHili eKcnepumeHTasbHin rpyni BUKOPUCTOBY-
BanM no 7 TBapuH. Po3mip BUBIpKM BU3HAYanun 3 ypa-
XyBaHHAM npuHumnie 3R (Replacement, Reduction,
Refinement), cTaHZapTHOI NpPaKTUKM AOCHiAXKEHb i3
BUKOPUCTAHHAM MOZENen rocTpoi HoUMUENLii Ta peKo-
MeHaL|i N0KaNbHOI KOMiCii 3 6ioeTUKK. 3 MeTOI 3HU-
KEHHA PU3UKY XMOHOMO3UTUBHUX i XMOHOHEraTUBHMUX
pesynbTaTiB 3abe3sneyyBanm paHLOMI30BaHWU PO3MOAIN
TBApPWH MiXK rpynamu, BUPiBHIOBAHHA iX 3a Macoto Tina,
CTaHAApPTM3aLil0 YMOB NPOBEAEHHA EKCMEePUMEHTIB i
Yyacy TeCTyBaHHS, BMKOPUCTAHHA BanifoBaHWX Moae-
nei 6onto (formalin test, tail-flick, carrageenan-induced
edema), a TaKOX 3acTOCYBaHHA afEKBAaTHUX METOAIB
CTAaTUCTUYHOTO aHanidy 3 BUMKOPWUCTAHHAM Henapame-
TpuyHoro U-KpuTepito MaHHa-YiTHi. OTpumaHi edekTu
6y 0gHOCNPAMOBAHMMM Ta CTAaTUCTUYHO BiPOTiAHUMMU,
LLLO CBiAYMTb NPO AOCTATHIO YyTAMBICTL 06PAHOro eKcne-
PUMEHTANbHOTO AM3aliHy A5 BUABNEHHA dapmaKkono-
rYHO 3HAYYLLMX 3MiH.

Yci npoueaypy BUKOHAHI BigNOBIAHO 40 NOAOXEHb
€BponencbKoi KOHBEHLi Npo 3axMCT XpebeTHMX TBa-
PWH, WO BMKOPWUCTOBYIOTbCA A/1A eKCMepUMEHTa/IbHUX
Ta iHWKWX HayKoBWX Uinew [8], Ta cxBaneHi Komicielo 3
6ioeTnkn BHMY im. M.I. NMuporosa (npotokon Ne 9 sig,
10.10.2025 p.).

BignoBigHO 40 MeTU AOCAIAXKEHHS TBapuHM bynau
po3noaineHi Ha ekcnepuMeHTasbHi rpynu no 7 ocobuH
Yy KOXHil. Lypam pocnigHmx rpyn BHYTpPilWHbOYepeB-
HO BBOAMAM cnonyky C-3 y cepefHili edbeKTUBHIN f03i
(EDso) 3@ MOKAa3HMKaMWM aHa/NbreTUYHOI aKTMBHOCTI — 1
MI/KI, BU3HauYeHiln y nonepeaHix gocnigxeHHax [9], a
Takox pedepeHc-npenapat diclofenac sodium (Sigma-
Aldrich, St. Louis, MO, USA) y A03i 8 mr/Kr.

TBapMHaM KOHTPO/IbHUX FPyn BBOAUAN €KBiO6’ eMHI
KinbKocTi 0,9% po3unHy HaTpito xnopuay. 3 meTtoto dap-
MAKO/IOTIYHOrO aHani3y MexaHi3aMiB aHaNbreTUyHoi Aii
3aCTOCOBYBa/IN: NOBHWUIN AroHIiCT Y-ONiOiAHUX peuenTo-
pis — morphine hydrochloride (Sigma-Aldrich, St. Louis,
MO, USA); 4yacTKOBMI1 aroHicT K-onioigHUX peLenTopis —
nalbuphine hydrochloride (Sigma-Aldrich, St. Louis, MO,
USA); NOBHWI HECENEKTUBHWI aHTAroHiCT onioiaHMX
peuenTtopiB — naloxone hydrochloride (Sigma-Aldrich,
St. Louis, MO, USA); ceneKkTMBHWUI aHTaroHicT K-onioia-
HUX peuenTopiB — nor-binaltorphimine dihydrochloride
(nor-BNlI) (Tocris Bioscience, Bristol, UK); cenektusHuit
aHTaroHict CBi-KaHabiHOigHUX peuenTtopisa — AM-251
(Cayman Chemical, Ann Arbor, Ml, USA). Jo3n dapma-
KOJIOTIYHUX aHanisatopis 6ynn obpaHi BignosigHo Ao
OaHWX niTepaTypu.

[u13aiH gocniaskeHHA 6yno nobyaoBaHO 3 ypaxyBaH-
HSIM Cy4acHWX ysABAeHb Npo baraTopiBHeBY OpraHisaLito
HouMUenuii Ta MOXAMBICTb AudepeHLiauii LeHTpanb-
HUX | nepudepmnyHMX MexaHiamis aHasnbresii. Popmani-
HOBWI TecT byno o6paHo sSiIK 6a30BYy EKCNEePUMEHTAIbHY
MOAeNb, OCKINbKM BiH A403BOMIAE O4HOYACHO OLHUTU
nepubepuyHnii Ta LLEHTPaNbHUIA KOMMNOHEHTU 60/1b0-
BOi peakKuii 3aBasku ii aBodasHomy xapakTtepy [10].
3Barkatoum Ha Te, Wo apyra ¢asa popmaniHoBoro Tecty
3HayHO Mipoto obymoB/ieHa BUBIIbHEHHAM MepfiaTo-
piB 3ananeHHs (NpocTarnaHAMHIB, LMTOKIHIB, daKTopiB
pOCTy), HACTYMHMM NOTIYHMM €TANOM CTaN0 3aCTOCYBaAH-
HA MOZeNi KapareHiHoBoro HabpsAky nanu wypa. daHa
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MOZeNb LUMPOKO BUKOPUCTOBYETHCA A1A OLiHKU BMMBY
$apMaKoNoriyHMX areHTiB Ha nepudepuyHi 3ananbHi
MEXaHi3MM Ta MOJIEKYNSAPHI MillieHi, NoB’s3aHi 3 UMKIOo-
OKCUreHasHMM Kackagom [11].

[Ona yTOYHEHHA LEHTPaZIbHUX MEXaHi3MiB aHanbre-
3ii 6yno BMKopucTaHO GapMaKONOFYHUI nmiaxig, i3 3a-
CTOCYBAaHHAM CEeNeKTMBHMX aHTAroHICTiB peLenTopis.
MNocnigoBHe 6/710KyBaHHA ONiOIAHWX Ta KaHabiHOIAHMX
peuenTopiB 403BONAO OLIHWUTM BHECOK BignoBigHMX
HelipoMeaiaTOPHUX CUCTEM Yy peanisalito aHaNbreTuy-
HOro edekTy A0CNiAKYBAHOI CMOMYKM Ta BCTAHOBUTM iX
iEpapxivyHy B3aeEmogito.

[Nns OUiHKKM LeHTpanbHOro Ta NnepnudepmnyHOro Kom-
NMOHEHTIB aHaNbreTUYHOi Aii AO0CAiAXKYBaHOI CNONYKU
BMKOPUCTOBYBaNU opmaniHoguli mecm — Mmofenb Xi-
MiYHO iHAyKOBaHOro 60510, LLO XapaKTepusyeTbca ABO-
ba3Ho HouMLEeNTUBHO peaKuieto. Micna cybnnaHTap-
Horo BBegeHHA 0,1 ma 5% po3unHy dopmaniHy B 3agHH0
nlany TBapUHU peecTpyBaau 60/1bOBY MOBeAiHKY, fAKa
nposABAaAnaca y BUrNALi IM3aHHA, KycaHHA abo nigHATTA
ypaxeHoi nanu. Mepuwa (paHHA) dasa 601b0BOT peakL;i,
LLLO PO3BMBAETLCA NPOTArOM MOYATKOBOrO NepioAy nicna
BBeAeHHA GopmaniHy, NoB’A3aHa 3 NPSMOI0 aKTUBALLiEtO
nepndepmnyHnX HoLMLIENTOPIB i BifoOparkae nepeBaxk-
HO LEHTPaNbHUN KOMNOHEHT b6oto. [pyra (nisHa) dpasa,
AKa BUHWKAE MiCNA KOPOTKOrO JIaTEHTHOrO nepioay, oby-
MOBJ/IEHA PO3BUTKOM 3aMasibHOro NPOoLLecy Ta LeHTpanb-
HOI CEeHCUTM3ALIED | PO3MNAJAETLCA AK MOKA3HUK ne-
pudepnuHNX MexaHiamis Houmuenuii. CnocTepexeHHsA
3a TBapuHamu Tpusano 60 XBUMH. 3MiHW TPMUBANOCTI
NaTeHTHOro nepioay ¢asu Ta TPMBAJIOCTI HOLLILLENTUBHOI
peakuii B Uit ¢asi cBigumMan npo cuny 3HebontowYOT Aii
BMBYAEMMX Npenaparis.

YyacTb onioigepriyHoi Ta KaHabiHOigHOT cucTem y pe-
anisauii aHanbreTM4HoOI Aii AOCNiAXKYBAHOI CNONYKM BU-
3HAYaM 32 LLONOMOTO0 CENEKTUBHUX GPapMaKONOTriYHUX
aHTaroHicTiB Ha Moaeni mepmiyHo20 nodpasHeHHA (tail-
flick) wnaxom cnpamyBaHHA cHOKYCOBAHOTO MPOMEHIO
CBiT1a BEPXHbOI TPETUHM XBOCTA LLypa 33 AOMNOMOrOH
aHanresumeTpa (Ugo Basile, Italy). OuiHtoBanu nateHT-
HWI Yac BiACMMKYBAHHA XBOCTA Bif, AKepena NPOMeH!o,
BUPAXKEHUI B CeKyHAax. MopiBHIOBaAN BUXIiAHI MOKas-
HUKW TPWBANIOCTI NIATEHTHOrO nepiogy Ta 3MiHM MOro
yepes 2 roguHu nNicna BBeAEHHA AOCNIAXKYBAHOI Cnony-
K1 Ta pedepeHc-npenaparis.

MpoTn3ananbHy aKTUBHICTb CMOMYKWN OLHIOBAAW Ha
Mogaeni KapazeHiHoso2o Habpsaky nanuv wypa [12, 13].
O6’em KiHLiBKM BMMIipIOBa/M 33 AOMNOMOrOH NAeTU3MO-
meTpa Plethysmometer (Ugo Basile, Italy) no BBeaeHHn
0,1 mn 1% po3umHy KapareHiHy Ta 4yepe3 180 xB nicns
noro BBeAeHHsA (Nik 3ananbHOi peakuii). LWlypam pgo-
CnigHuX rpyn yepes 1 rog nicna BBEAEHHA KapareHiHy
BHYTPilLHbOYEpPeBHO (B/0Y) BBOAMAM CMONYKM, LIO A0-
CNiAXKyBain, TBAPUHWN KOHTPOJIbHOI
rpynu oTpumyBann  ekBiob’eMHy

AEA = SVE—AVA o0
- AVk X

Oe AEA — aHTUeKCyAaTUBHA aKTUBHICTb Y %);

AV _— cepeaHs pisHUUA B 06’eMi Mix HabpsAKioto Ta
HeHabpAKAO Nanamu B rpyni KOHTPOO;

AVA — cepeaHs pisHUUA B 06'eMi MixK Habpakaoto Ta
HeHabpAK0 anaMun B AOCAIAHIN rpyni.

CtaTucTUYHY 0b6pObKYy pesynbTaTiB NpoBOAMAM 3a
ponomoroto nporpamm SPSS Statistica 17.0. Pesynbtatn
NpPeacTaBAANM Y BUTNALI cepefHboi apudmeTMyHOI Ta
cepeaHboi NoMUAKK cepeaHboi (Mzm). [docToBipHicTb
Pi3HULI Mi>K MOKAa3HMKaMW BM3HAYa/AWM 3a Henapame-
TPUYHMUM U-KpuTepiem MaHHa-YiTHi. BiporigHumun BBa-
»Kanm BigmiHHOCTI 3a p<0,05.

Pe3ynbTatu gocnigyKeHHA Ta ix 06roBopeHHs.

3rigHO pe3ynbTaTiB nonepeaHix 4OCNIAXKEHb Y CNONY-
Ku C-3 6y/10 BCTAaHOB/IEHO HAABHICTb BMPa3HOi 3Heboto-
HOYOi aKTMBHOCTI Ha Pi3HUX MoZenax 601b0BOI NepuenLii
Ta BCTAHOBJ/IEHO CepefiHi0 YMOBHO edeKTUBHY 403y ii 3a
aHaNbreTMyHo akTMBHICTIO (1 mr/kr B/ou). HacTynHum
€Tanom CTa/io OLiHKa LLeHTPaAbHOro Ta nepndepmnyHoro
KOMMOHEHTA L€l aKTUBHOCTI Ha moaeni popmaniHoBOro
TecTy. Pe3ynbTati HaBegeHi B Tabauui 1.

BeegeHHs N-(y-amiHobyTupwun)-1-asa-4,7,10,13-te-
TpaoKCcaLMKNOMNEeHTageKaHy  rigpoxaopuay  (cnony-
Ka C-3) y #03i 1 mr/Kr cynpoBoAKyBasiocs BUPa3HO
QHANbreTUYHO aKTUBHICTIO Y dopmaniHoBoMy TecTi. Y
nepwiv ¢asi TecTy cnocTepiranoca cTaTUCTUYHO Biporia-
He NoAOBXKEeHHA NaTEHTHOrO nepiogy 601b0BOI peaku;iy
2,43 pa3u NOPIBHAHO 3 MOKA3HUKOM rpynn KOHTPOJIHO, a
TpuBanictb 60/1b0BOT NoBeAiHKM B Uil ¢asi byna B 1,53
pasy MEHLLO, HiXK Yy KOHTPOJbHUX TBapuH (p<0,05).
CtaHgapTtHuin HM33 pguknodeHak HaTpito, B3ATUA B
MOro oNTUManNbHIN aHaNbreTUYHIA A03i, NPaKTUYHO He
BM/IMBAB Ha MNOKA3HMKM L€l pa3m ¢opmaniHOBOro TecTy.
Bnaue cnonyku C-3 Ha gpyry ¢asy popmaniHOBOro Tecty
6yB MEHLL BMPaXKeHUM i He JocAraB CTAaTUCTUYHOI 3Ha-
YyLlocTi, Toai AK guknodeHak BiporigHo 36inbliysas
NIATEHTHUIA NepioA Ta 3MeHLUYyBaB TPMBaicTb 601bOBOI
peakLuii B Lil1 pasi TecTy.

OTpuMaHi pe3ynbTat popmaniHoBOro Tecty 403BO-
JIUIV MPOBECTU NEPBUHHY AndepeHLiaLito MexaHi3mis
aHanbreTMyHoi aii cnonyku C-3. Bigomo, wo asodasHui
XapaKtep 60/1b0BOi peakLii B Lbomy TecTi Bigobpakae
3a/1y4EHHA Pi3HMX NATOreHEeTUYHUX NAHOK HoLMUenLii:
paHHA ¢a3a nos’s3aHa 3 6e3nocepeHbOI aKTUBALLED
nepubepuUYHNX HOLMLLENTOPIB, TOAI AK Ni3HA (3ananbHa)
¢$asa 0bymoBsieHa BMBIIbHEHHAM MeZiaTopiB 3anaseH-
HA (NpocTarnaHAuHiIB, 6paauKiHiHY, UMTOKIHIB), @ TaKOXK
PO3BUTKOM LeHTpanbHOI ceHcuTum3auii [14-16]. Y npo-
BeEeHOMY AOCANIAKEHHI BCTAHOBAEHO, WO cnoayKa C-3
YMHWUTb BMPA3HUI aHaNbreTUYHNIN edeKT nepeBaxkHo y

Tabnuua 1 — 3HebonoOOYa aKTUBHICTb cnonyku C-3
Ha mogeni popmaniHosoro Tecty (Mtm)

KiZIbKiCTb  PO34YMHHMKA. 33 OTpuU-
MaHUMW [AaHMMM  PO3PaX0OBYyBaIU
npupict 06’emy Ta aHTUEKCYAaTMB-
HY aKTUBHICTb MOPIBHAHO 3 KOHTPO-

nem. AHTUEKCYLATUBHY aKTUBHICTb
BM3HAYa/M 3a CTyNeHem 3MeHLIEeH-

HA HabpAKy y AOCNIAHWX TBapWH

Yy MOPIBHAHHI 3 TBAapMHaMKU rpynu

| dasa Il pasza
YMOBM eKcnepuMeHTy JlaTeHTHuI TpMBaNCT..b JlaTeHTHUM TpMBamCT..b
: 60/1b0BOI - 601b0BOI
nepiog, x8 nepioa, x8

peakuii, X8 peakuii, X8

KoHTponb, n=7 1.79+0.46 5.44+0.58 | 20.45+3.23 | 32.12+3.23
C-3, 1 mr/kr, n=7 4.36+0.73*#| 3.54+0.29*# | 22.73+1.21 | 30.0+1.09#
OunknodeHak HaTpiit, 8 mr/kr, n=7 | 1.99+0.20 | 5.59+0.41* |26.38+0.91* [26.27+1.06*

KOHTPOJIIO Ta BUPAXKAN Y BiACOTKAX
i po3paxoByBanu 3a Gopmysnot:

NpumitkKu: * — cTaTUCTUYHO BipOrigHI BigMiIHHOCTI BiZAHOCHO KOHTpoAto (p<0,05); # — cTaTUCTUYHO
BiporigHi BiAMiHHOCTI BiAHOCHO AnKnodeHaky (p<0,05).
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nepuwin ¢asi popmaniHosoro TecTy,
TOA4i AK il BNAMB Ha ApYyry, 3ananbHy

dasy bys HesHauHMM i He gocAras T 06'%em KinLjiskN

CTaTUCTMYHO BIPOTiAHMX 3HAYeHb. Cnonyka No3a LA 06 63M yepes 180 xB, |[MpupicT 06’emy| AEA (%)
o . . KiHLiBKM, (MM?) B

Takuit npodinb Aii cBiAYUTb Mpo (mm?)

obmekeHy y4yacTb nepudepuyHux |c-3 Imr/kr | 218,1+14,2 468,0:36,4 | 249,9+38,8# | 17,31

MPOTMSANANbHNX MEXAHISMIBY PEA~ | 1\ ogerak | 8mr/kr | 2141%115 | 295,6+14,5 | 81,47+8,67* | 73,04

ni3auii aHanbreTMYHoro epekTy Ao-

CANiAKYBaAHOT CMIOMYKM. KoHTponb - 210,9+8,77 513,1+£21,5 302,2+17,07 0

Tabnuusa 2 — NMpoTtusananbHa aKTUBHICTb cnoayku C-3
Ha mopgeni KapareHiHoBoro HabpsKy nanu wypa

3 ornaay Ha Te, Wo y dopmy-
BaHHi apyroi ¢asmn dopmaniHoBoro
TeCTy NPOBiAHY PO/b BiAirpatoTb came 3ananbHi meaia-
TOPW, NOTMYHUM HACTYMHMM KPOKOM CTano AOC/HiAMeH-
HA NPOTM3ananbHOI aKTUBHOCTI cnonyku C-3 Ha mogeni
KapareHiHoBOro HabpsAky nanu wypa. [aHa mopenb €
KNACUYHUM iHCTPYMEHTOM A5 OLLIHKM BNANBY PEYOBUH
Ha CMHTE3 i Ail0 NPOCTarNaHAMHIB, LMUTOKIHIB Ta iHLWNX
nposanasibHux moneryn [17].

PesynbTaTv npeacTtaBneHi B Tabnuui 2. BctaHoBne-
HO, WO Ha T/Ni BBeAeHHA (AOroreHy aHTUEKCyAaTUBHA
aKTUBHICTb cnonyku C-3 ctaHosuna 17,3%, wo cyTTeBO
noctynasnoca edekty aguknodeHaky Hatpito (73,0%).
Pe3synbTaT KapareHiHOBOro TecTy NpOAEMOHCTPYBav
nvwe cnabky aHTUEeKCYZaTUBHY aAKTMBHICTb CMOMYKM
C-3, L0 y3roasKyeTbea 3 AaHUMK GOPManiHOBOro TecTy
Ta NiATBEPANKYE BIACYTHICTb BUpa-

MpumitkK: * — cTaTUCTUYHO BiporigHi BigmiHHOCTI (p<0,05) BiAHOCHO KOHTPOAIO; # — CTaTUCTUYHO
BiporigHi BigMiHHOCTI (p<0,05) BiZHOCHO AMKAOdEHAKY.

TNi nonepeaHboi 6/10KagM onioigHMX peuenTopiB Ha-
JIOKCOHOM He CynpoBOAKYBanoCb 3HeboNOUYNM edeK-
TOM.

Ha ubomy etani ocobnmBoro 3HauyeHHs HabyBae
aHani3 ximivyHoi Npnpoam [oCNiaKYBAHOT cnonyKu. Bigo-
Mo, Lwo C-3 € NOXigHMM KpayH-eTepiB — MaKPOLMKAIYHUX
CMONYK, AKi LUMPOKO 3aCTOCOBYHOTLCA AK HOCIT Ta moay-
nATopun 6ioNOTIYHO aKTUBHUX PeYoBUH. Y cTpyKTypi C-3
y-amiHomacnsaHa kucnota (TAMK) nokanisoBaHa Bcepe-
OVHI MAKPOUMKNIYHOI «KOPOHMY», YTBOPIOKOYM LiNICHY
CYyNnpamoneKkynAapHy cUCTeMy.

3rigHo 3 niTepaTypHMMN JAHUMMK, CaMi KpayH-eTepu,
AKi He MicTATb GapPMaKONOriYHO aKTUBHUX GPArmMeHTiB,
He NPOoABAAITb BAACHOI aHTUHOLMUENTUBHOI aKTUBHOC-
Ti Ta HE BM/IMBAOTb CYTTEBO HA LEHTPA/IbHI MeXaHi3mu

YKEHOrO BM/MBY Ha nepudepuyHi
3anasbHi MexaHisamu. CyKynHicTb
OTPMMAHUX AaHUX [03BOAE 3pPO-
6UTW BUCHOBOK MPO NepeBayKaHHA
Ccame LEeHTPaZIbHUX MeXaHi3MiB y
CTPYKTYpi aHanbreTM4yHoi Aii cno-
nykm C-3.

Mopanbwe pocniaxkeHHa Byno
CcnpsiMoBaHe Ha igeHTUdIKaLito
LEHTPANbHUX HelpomMesiaTopHUX
CUCTEM, 3a/ly4eHUX [0 peanisauii
aHanbretMyHoro edekty. Ak Bi-
[OMO, onioigHi peuenTopu BiAj-
rpatoTb KAOYOBY POb y perynauii
LeHTPa/IbHOT HOUMUENTUBHOI ne-
peaaui, a ix papmakonoriyHa 610-
Kaja [O03BONAE OLHUTM BHECOK

%
250,0

200,0

150,0
11,2
100,0

53,2*

[
L
=

0,0 -

211,0

151,5

84,5%
61,8 535

26,8+

14,0 14,6

€HAOreHHUX OMnioiAHMX MexaHis-
MiB Yy peani3auito aHanreTMyHoro
edekry [18, 19].

Y paHomy p[ochigxKeHHi no-
nepeaHeE BBEOEHHA HA/IOKCOHY NpPU3BOAWIIO [0
YacTKOBOrO, ane CTaTUCTUYHO BipOrigHOro 3HU-
*KEHHA aHanbreTMyHoI aii cnonykm C-3 B cepes-
HbOMY Ha 60-65%, WO CBIAYMTL MPO 3a/yYeHHA

PUCYHOK — 3MiHM aHaNbreTMYHOI aKTUBHOCTI A0CNIAKYBAHUX CNONYK NicNA BBeAEHHA HAaNOKCO-

Hy B Tecri tail-flick (Mtm, n=7).

MpumitkK: * — cTaTMcTUYHO BiporiaHi BigMiHHOCTI (p<0,05) BiAHOCHO BUXiZHOMO 3HAYEHHS.

Tabnuua 3 — 3miHM naTeHTHOro nepioay 601b0BOI peakuii
wypis (MBY) nicha BBegeHHA aHTaroHIcTiB onioigHoOI Ta
KaHHabiHoigHoi cuctem B TecTi tail-flick (Mim, n=7)
and cannabinoid system antagonists in the tail-flick test

onioigepriyHoi cuctemun, MNpoTe He [03BOJAE

po3rnagaTtv i AK €ANHUI abo AOMIHYOUMI Me-
XaHi3m gji (puc.). 3a aHanoriyHMX ymos 3Hebot0-
rounin epekt mopdiHy (aroHicta onioigHUxX p-, K-,
6-, o-peuenTopiB) Ha TAi HAJIOKCOHY 3HMXKYBABCA
3HayHO BUpasHiwe (85-90%), a 3HebontowoYa AiA
AroHiCTa-aHTOrOHICTa OMiCIAHUX peLenTopiB Han-
bydiHy, Ha Thi nonepeAHbOT 610KagM onioiAHUX
peLenTopiB HAJIOKCOHOM, 3HWUKYBaacA YaCTKOBO
(He Binbwe AK Ha 50-55%). AHTMHOLMLENTUBHA
AKTMBHICTb HEONiOIAHOrO aHa/NbreTUKy Anknode-
HaKy HaTpilo Ha Thi nonepeaHboi 610Kaan onio-
igHUX peuenTopiBe He 3MmiHtOBanaca. BeepeHHs
Hocia (KpayH-eTepy) B AKOCTi MOHOTepanii Ta Ha

(Mtm, n=7)
BuxigHui
Cnonyka, nosa piBEHb, € Yepes 2 rog,
KoHTponb (pO3YMHHMK) 5.51+0.40 5.51+0.39
cnonyka C-3 (1 mr/kr) 9.76+0.49*
4.68+0.34
% +112.2
cnonyka C-3 (1 mr/kr) + AM-251 1 mr/Kkr 8.59+0.30*/**
6.70+0.16
% +28.0
cnonyka C-3 (1 mr/kr) + nor-BNI (5 mr/kr) 13.7+#1.12*
7.30+0.09
% +88.2

MpumiTkK: * — cTaTUCTUYHO BipOrigHi BiamiHHOCTI (p<0,05) BiAHOCHO BUXigHOTO
3HayeHHA; ** — cTaTUCTUYHO BiporigHi BigMiIHHOCTI (p<0,05) BiAHOCHO CNONYKK
C-3.
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6onto [20]. BogHouac Bigomo, wo eksoreHHa TAMK npwu
CUCTEMHOMY BBEAEHHI Ma€E 0BMeXKeHy 34aTHiCTb npo-
HUKaTK Yepes3 rematoeHuedaniyHmii bap’ep i He 3any-
YyaeTbcsa 6e3nocepegHbo 40 moaynAuii onioigepriyHoi
cuctemu [21, 22]. Kpim Ttoro, TAMK-epriyHi mexaHiamu
He acouioBaHi 3 MPAMOI aKTMBALED ONiOigHMX pe-
LEenTopiB, a IX aHaNbreTu4yHMi epeKT peanisyeTbca ono-
cepeaKkosaHo [23].

3 ypaxyBaHHAM Cy4acHUX yABaeHb Npo dyHKLio-
Ha/IbHY B3a€EMOAit0 onioigHOT Ta KaHabiHoigHOT cucTem
Yy UeHTpasnbHiii perynauii 6onto [24, 25], noganblumm
NOTYHUM KPOKOM CTano AOCAiAMeHHA poni KaHabiHo-
igHnx peuenTopiB. NMonepeaHe BBeAEHHA aHTAroHiICTa
CBs-kaHabiHoigHUX peuenTopiB (cnonyku AM-251) cyt-
TEBO 3MEHLIYBA/I0 aHaNbreTuyHuUi edpekt cnonykm C-3
(rabn. 3). BogHouyac 6/10Kada K-omioigHWMX peuenTopis
Hop-6iHanTopdimiHOM NpM3BOANAA NULLE L0 YACTKOBO-
ro 3HUXKeHHA aHTUHOUMUENTMUBHOI Aii, AKe He aocArano
CTaTUCTUYHO BiPOriZAHWNX 3HAYEHb.

BcTaHOBNEHE CYTTEBE 3HWMMKEHHA aAHANbreTUYHOro
edpekty cnonyku C-3 nicna 6nokaamn CBi-KaHabiHOIAHUX
peLenTopiB CBIAYMTb MPO 3HAYYLIMN BHECOK KaHabi-
HOIZHOI cMCTeMM y peanisaLito il LeHTPaNbHOI aHTUHO-
UMUEenTMBHOI Aji. HaTomicTb YaCTKOBWUIA i CTAaTUCTUYHO

HeBiporiaHWit BNMB 610KaAM K-oMioigHUX peuenTopis
BKA3YE Ha iX ApyropAagHy ponb y MexaHiamax aHanbresii.

TakMM UYMHOM, NOCAIJOBHMUI aHani3 pes3ynbTaTis,
OTPUMAHUX Yy PI3HUX EeKCNepUMEHTANIbHUX MOAENAX,
[03BONMAE PO3MNAAATU aHaNbreTuyHy Aito cnonyku C-3
AK MepeBa*KHO LEHTPasibHYy, 3 YaCTKOBMM 3a/ly4eHHAM
onioigeprivyHoi Ta KaHabiHOIAHOT cUCTEM, 3 LOMIHYOUMM
BHeckom CBi-onocepenKoBaHMX MeXaHi3MiB.

BucHoBKM.

1. N-(y-amiHob6yTMpun)-1-asa-4,7,10,13-TeTpaokca-
LMK/IONeHTageKaHy rigpoxaopua npoABAAE BUPA3HY
QHaNbreTU4yHy akTUBHICTb Y LWyPiB.

2. AHanbretTMyHa fAiAa CnosykKW peanisyerbca nepe-
Ba)XHO 32 PAXyYHOK LEHTPAJIbHUX MeXaHi3mis, Npo Lo
CBIAYMTb JOMIHYIOUMI BNAUB Y Nepwii pasi dopmaniHo-
BOrO TECTy Ta c/1abKa NpoTmM3anasnbHa aKTUBHICTb.

3. Y mexaHiamax aHa/ibreTuyHoi aji 6epyTb yyacTb
onioigepriyHa Ta KaHabiHoigHa cucTemuM, 30Kpema 3a
y4acTio CBs-KaHabiHOiaHUX peuenTopis.

MepcnekTMBM NOAANBLUNX AOCNIAMKEHD.

Mopanblie BUBYEHHA peLenTopHOi cneumdivyHocTI Ta
BHYTPILUHBbOKNITUHHUX CUTHANIbHUX LWAAXIB, 3a7y4eHUX
00 peanisaLii aHanbreTMYHOI Aii CMOMYKM, @ TAKOXK OLLiH-
Ka CTyneHto ii 6e3neyHocTi Ta aANKTUBHOIO NOTeHLiany.
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ODOCNIAMEHHA UEHTPAIBHUX TA MNEPUDEPUYHUXX MEXAHI3MIB  AHANBFETUYHOT Al N-(y-
AMIHOBYTUPWUN)-1-A3A-4,7,10,13-TETPAOKCALUMK/IONEHTAAEKAHY T1APOX10PUAY VY LLYPIB

Bonouwyk H. I., Opnexko O. b.

Pe3stome. Monpu HaABHICTb LUIMPOKOrO CMEKTPA Cy4acCHWUX aHaNbreTuKiB, NnoTpeba y CTBOPEHHI cnoayk 3 nia-
BULLEHOI ePeKTUBHICTIO Ta 6e3neyHiwmm npodinem 3anuLAETbCA aKTyanbHO. MaKpoUMKAIYHI NOXigHI y-ami-
HomacnsHoi Kucnotu (TAMK) po3rnsaatoTbcs AK NepcnekTUBHUIA Hanpsm y MoLlyKy HOBWMX 3acobiB LEeHTpasibHOI
aHanbreTMuHoi gji. MonepedHi AocniaKeHHA NPOAEMOHCTPYBaANM HaABHICTb y cnonyku C-3 — N-(y-amiHomacnapu-
no)-1-asa-4,7,10,13-TeTpaoKcaLmKaoneHTageKaH rigpoxaopuay — NoxigHoOro KpayH-eTepis, AKi LUMPOKO 3aCTOCOBY-
H0TbCA AK HOCIi Ta moaynaTopu 6ioN0riYHO aKTUBHUX PEYOBMH, Ae Y-amiHoOMacasaHa kucnota (TAMK) nokanisoBaHa
BCEPeANHI MAaKPOLMKNIYHOT «KKOPOHWU», YTBOPIOKOYM LLiNICHY CyNpamOoneKyAapHy CUCTEMY, BUPA3HOI aHaNbreTUYHoI
Aii Ha pisHUx mogensx 601boBoi Nnepuenuii. MeToto gocniarKeHHs 6y10 BUBYUMTU LeHTPasbHI Ta nepudepryHi mexa-
Hi3MM aHanbresii cnonykn C-3 y wypis, a TAKOXK OLLIHWMTM y4acTb ONiOiAHOI Ta KaHabiHOIAHOT cucTem vy ii peanizauy;i.
AHanbreTMyHy aKTUBHICTb BM3HAYaau 3a AoNomoroo GopmaniHoOBOro TecTy Ta MeToAy BiACMUKYBaHHA XBOCTA Bifg,
chokycoBaHoro npomeHto csitna (tail flick), npotnusananbHy — Ha Mogeni KapareHaHOBOro HabpsKy Nanu Wwypa. Ana
3’cyBaHHA MexaHi3MiB Aii 3aCTOCOBYBa/IM aHTaroHiCTX ONioiAHUX peLenTopiB (HasoKcoH, nor BNI) Ta aHTaroHicT Ka-
HabiHoiaHMX CBs-peuenTopis (AM 251). BctaHoBAEHO, Lo BBeAeHHA cnoayku C 3 (1 mr/Kr, B/oyepeBUHHO) cnpuym-
HIOE BUPAXKEHUI aHANTETUYHUI edeKT, NnepeBaxkHo y nepLin ¢asi popmaniHOBOro TecTy, WO CBiAYMTb NP0 AOMIiHY-
BaHHA LEHTPa/IbHNUX aHTUHOLLILENTUBHUX MexaHi3miB. MpoTu3ananbHa aia suasunaca cnabkoto — 17,3% nopiBHAHO
3 73% ans Hatpito AMknodeHaky. MonepegHe BBeAEHHA HAJIOKCOHY NPU3BOAMO A0 YAaCTKOBOrO, ase CTaTUCTUYHO
BipOriAHOIO 3HUXEHHA aHaNbreTUYHOI Aii cnonykm C-3 B cepegHboMy Ha 60-65%, L0 CBIAYMTL MPO 3any4YeHHs oni-
oigepriyHoi cuctemm, NpoTe He L03BONAE PO3MNALATU ii AK EANHNI aBO LOMiIHYIOUMIA MeXaHi3m Aii. 3a aHaNorivYHMX
ymoB 3Hebosooumnii epekT mopdiHy (aroHicta onioigHMx Y-, K-, 6-, 0-peuUenTopiB) Ha T/1i HAJIOKCOHY 3HMXYBaBCA
3HayHO BUpasHiwe (85-90%). NMonepeaHe BBeAeHHA aHTaroHicTa CBy-KaHabiHoigHMX peuenTopis (cnonykn AM-251)
CYTTEBO 3MEHLLYBa/I0 aHanbreTuyHuii edekT cnonykm C-3. BogHouac 6/10Kaga K-onioigHux peuenTopiB Hop-6iHan-
TopdiMiHOM Npur3BOAMAA IMLLIE A0 YACTKOBOIO 3HUMKEHHA aHTUHOUMUENTUBHOI Aji, AKe He AocArano CTaTUCTUYHO
BipOriAHUX 3Ha4YeHb. TaKMM YMHOM, aHanbreTuyHa aia cnonyku C 3 peanisyetbca nepeBaxkHO yepe3 CBi-3anexHi
LWAAXM Ta MEHLLIOK MIpOK 33 PaxyHOK AeAKMX OMioigHuX peuenTtopiB. OTpUMaHi pesyabTatu CBigvaTh, WO CNony-
Ka C 3 moxke 6yTM nepcneKkTMBHUM NPOTOTMMNOM A8 PO3P06AEeHHS HOBUX HEOMIOIAHMX aHAIbIeTUKIB i3 MexaHi3MoMm
Aii, noB’A3aHMM 3 eHA0KaHabiHOIAHO cncTeMOlO.

KnwouoBi cnoBa: KpayH-eTepu, y-amMiHOMacnsiHa KUcoTa, onioiaHi peuentopu, CBi-KaHabiHOiAHI peuenTopy,
eKcnepuvmeHTanbHi mogeni 6onto.

STUDY OF CENTRAL AND PERIPHERAL MECHANISMS UNDERLYING THE ANALGESIC EFFECT OF N-(y-
AMINOBUTYRYL)-1-AZA-4,7,10,13-TETRAOXACYCLOPENTADECANE HYDROCHLORIDE IN RATS

Voloshchuk N. 1., Orlenko O. B.

Abstract. Despite the availability of a wide range of modern analgesics, the need to develop compounds with
increased efficacy and a safer profile remains relevant. Macrocyclic derivatives of y-aminobutyric acid (GABA) are
considered a promising direction for designing new centrally acting analgesics. Previous studies have demonstrated
that compound C-3 — N-(y-aminobutyryl)-1-aza-4,7,10,13-tetraoxacyclopentadecane hydrochloride, a crown ether
derivative widely used as a carrier and modulator of biologically active substances — in which the y-aminobutyric
acid moiety is localized inside the macrocyclic “crown” forming an integrated supramolecular system, exhibits
marked analgesic activity in various models of pain perception. The aim of this study was to investigate the
central and peripheral mechanisms underlying the analgesic action of compound C-3 in rats and to evaluate the
contribution of opioid and cannabinoid systems to its effects. Analgesic activity was assessed using the formalin
test and the tail-flick method (response to a focused light beam), whereas anti-inflammatory activity was studied in
the carrageenan-induced paw edema model. Selective antagonists of opioid receptors (naloxone, nor-BNI) and the
CB; cannabinoid receptor antagonist (AM 251) were used to characterize the mechanisms involved. Administration
of compound C-3 (1 mg/kg, i.p.) produced a pronounced analgesic effect, predominantly in the first phase of the
formalin test, indicating a predominance of central antinociceptive mechanisms. The anti-inflammatory effect
was weak (17.3%) compared with diclofenac sodium (73%). Pretreatment with naloxone partially, yet significantly,
reduced the analgesic action of compound C-3 by 60-65%, suggesting the involvement of the opioidergic system
but excluding it as a major mechanism. Under similar conditions, the analgesic effect of morphine (u-, k-, 6-, and
o-opioid receptor agonist) decreased by 85-90% in the presence of naloxone. Pretreatment with the CB; receptor
antagonist AM 251 markedly diminished the analgesic effect of compound C-3, while blockade of k-opioid receptors
by nor-binaltorphimine produced only partial, statistically insignificant attenuation. Thus, the analgesic effect of
compound C-3 is mediated predominantly through CB;-dependent pathways with a minor contribution of certain
opioid receptors. The results indicate that compound C-3 may serve as a promising prototype for the development
of new non-opioid analgesics acting via the endocannabinoid system.

Key words: crown ethers, y-aminobutyric acid, opioid receptors, CB-cannabinoid receptors, pain models.
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CLINICAL DIFFERENCES OF GASTROINTESTINAL DISORDERS IN PATIENTS WITH

CHRONIC OBSTRUCTIVE PULMONARY DISEASE AND BRONCHIAL ASTHMA
State Higher Educational Institution “Uzhhorod National University” (Uzhhorod, Ukraine)
morikal415@gmail.com

The article presents a comparison of the frequency, structure, and clinical differences of gastrointestinal (Gl)
disorders caused by gastroesophageal reflux disease (GERD) in patients with chronic obstructive pulmonary disease
(COPD) and bronchial asthma (BA), and analyzes their impact on the course of the primary disease.

It was found that Gl disorders occur significantly more frequently in patients with BA compared to those with
COPD (60% vs. 45%, p < 0.05) and are typical for esophageal reflux: classic heartburn and acid regurgitation. In pa-
tients with COPD, atypical gastrointestinal symptoms were more commonly recorded: chronic cough without heart-
burn, a feeling of gastric fullness, belching, and hoarseness.

It was established that the presence of GI symptoms in both patient groups is associated with a worsening of the
primary disease’s course; however, this association is more pronounced in patients with COPD. In the COPD group,
the presence of Gl symptoms was associated with a significant increase in the risk of exacerbations (OR 2.1-5.3;
p<0.01). In the BA group, a moderately increased risk of nocturnal attacks was observed (OR 1.3-1.5; p<0.05). The
results obtained underscore the importance of screening for gastrointestinal symptoms in patients of both groups to
optimize treatment and prevent exacerbations.

Key words: COPD, bronchial asthma, FEV1, exacerbation, GERD, gastrointestinal symptoms.

Connection of the publication with planned re-
search work.

The scientific study was conducted as part of the
general departmental research topic: “Mechanisms of
the development of comorbid pathology in diseases of
the digestive system in conditions of social challeng-
es, possibilities of innovative diagnostic methods and
personalized treatment”, state registration number
0125U003977.

Introduction.

Chronic obstructive pulmonary disease (COPD) and
bronchial asthma (BA) are among the most common

non-communicable chronic diseases in the world, ac-
companied by chronic inflammation, hypoxia, and ox-
idative stress, and are significant causes of disability
and premature death among the population. For in-
stance, mortality from COPD ranks third in the overall
mortality structure [1, 2]. Impairment of extrapulmo-
nary mechanisms, specifically gastroduodenal protec-
tion, is increasingly regarded as a systemic component
of COPD and bronchospasm in BA [3]. Despite modern
achievements in the diagnosis and treatment of COPD,
in many cases, treatment is insufficiently effective, par-
ticularly in the presence of comorbid pathology [4, 5].
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