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M3VYEHUE AHTHAPUTMIYECKON AKTHBHOCTH
2-(H-BYTWIIUPPOJIUANH)-N-(2-BPOMO®EHIT) KAPBOKCAMHIJIA
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Hepmckas 2ocyoapcmeennas papmavesmudeckas axaoemus, Poccutickas Peoepayus

Objective. To study the efficacy of a new derivative 2-(alkylpyrrolidine)-N-(aryl)carboxamide with high an-
tiarrhythmic activity.

Materials and methods. To study the antiarrhythmic activity of the compound, the experiment was carried
out on models of arrhythmia caused by intravenous administration of aconitine and adrenaline. The effect
was estimated by its ability to prevent the onset of arrhythmia, prolong the survival time of the animals or by
the duration of an arrhythmia attack. In addition, the electrocardiogram of awake rats was analyzed. The
studied compound and the comparison drug (lidocaine) were injected to the animals intravenously in effec-
tive antiarrhythmic doses.
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Results. In aconitine arrhythmia 2-(n-butylpyrrolidine)-N-(2-bromophenyl) carboxamide hydrochloride
provides statistically significant limitation of the duration of arrhythmia attacks in experimental animals
(1.7 times) in comparison with the control and also reduction of arrhythmia duration in comparison with
lidocaine (2.5 times); besides, this compound guarantees animals’ survival in 100 % of cases. When causing
arrhythmia by adrenaline administration, the compound does not prevent the occurrence of cardiac rhythm
disorder. The electrocardiogram readings of animals do not change significantly.

Conclusions. 2-(n-butylpyrrolidine)-N-(2-bromophenyl) carboxamide hydrochloride (compound K-23)
shows visible activity in models of arrhythmia caused by administration of aconitine and calcium chloride,
which may indicate its ability to impede the sodium flow through the cell membrane by slowing depolariza-
tion of cardiomyocytes.

Since the compound studied, demonstrates high antiarrhythmic activity without changing the ECG readings,
the drug created on its basis may be effective.

Keywords. Arrhythmia, lidocaine, aconitine model of arrhythmia, adrenaline model of arrhythmia, electro-
cardiogram, effective antiarrhythmic dose.

Heas. Msydenne 3(p(HEKTUBHOCTY HOBOTO IIPOU3BOAHOIO 2-(NKWIIUPPOINANH)-N-(apuI)KapOOKCaMUza,
00MaJIAIOMIETO BEICOKOHM aHTHAPUTMUYECKOI AKTUBHOCTBIO.

Matepuanbl ¥ MeTOABI. [l UCCIEN0BAHUSA AHTHAPUTMUYECKOH aKTMBHOCTH COEMHEHMS IKCIEPUMEHT
IPOBOAWICA HA MOAEIAX APUTMHH, BHI3BAHHON BHYTPHBEHHBIM BBEACHUEM AKOHWTHHA U JAPCHANIMHA. D(-
(DEKT OLICHUBAIIY T1I0 €T0 CIIOCOOHOCTH NIPEAYIPEAIATh BOSHUKHOBEHUE APUTMUH, YUIMHATD BPEMA BbLKUBA-
HUA KUBOTHBIX WIH 110 JIUTEIBHOCTU IPUCTYNA apuTMun. KpoMe Toro, 6bU1 IPOBEAEH AaHAIU3 SNEKTPOKAP-
AUOTPaMMBI GOPCTBYIOMKX KPBIC. MCCelyeMoe COEMHEHNE U TIPENAPAT CPaBHEHUA (JIMJJOKAWUH) BBOJUIN
KMBOTHBIM BHYTPUBEHHO B 3(D(EKTUBHBIX AHTUAPUTMUYECKUX JO3AX.

Pe3yabTarhl. 2-(H-OyTWINIUPPONUANH)-N-(2-6poMpeHII)KapOOKCAMIAA THAPOXIOPUA B YCIOBUAX AKO-
HUTHHOBOH aPUTMUH OOECIIEYNBAET CTATUCTUYECKU 3HAUMMOE 110 CPABHEHHUIO C KOHTPOJIEM OIPAHUYEHHE
AMUTENBHOCTU IPUCTYIIOB APUTMUY Y 3KCIEPUMEHTAIBLHBIX KUBOTHBIX B 1,7 Pa3a U TAKKE CHIDKECHUE IIPO-
JOJDKUTENBHOCTH APUTMUH 110 CPABHEHUIO C JIMJOKAMHOM B 2,5 pa3a; KPOME TOTO, JAHHOE COEAUHEHNE I'a-
PAHTHUPYET 3AMUTY KUBOTHBIX OT rudenu B 100 % cygaes. [Ipu CO3AAHUN APUTMHH, BBI3BAHHON BBEICHU-
€M A[PEHAINHA, COCAUHEHNE HE NIPEAYIPEKIACT NOABICHUE PACCTPONCTBA puTMa cepaua. Kpome Toro,
TIOKA32TENH 3/EKTPOKAPAUOTPAMMBI XKUBOTHBIX IIPAKTUYECKU HE MEHAIOTCAL

BeiBoppl. 2-(H-OyTHUpponuanH)-N-(2-6pompeHnn)kapbokcaMusia tupoxaopuy (coeaunenue K-23)
IPOABJIAET BBIPAKCHHYIO AKTUBHOCTD HAa MOAE/IAX APUTMUY, BBI3BAHHON BBEJCHUEM AKOHUTHHA U XJIOPU/A
KaJIbLIYS, YTO MOXKET CBUJETENBCTBOBATb O €I0 CIIOCOOHOCTU 3ATPYAHATH HATPUEBLIN TOK 4€pE3 KIETOU-
HyI0 MEMOPaHy, 3aMeA/IAA ACIONAPU3ALNIO KAPAUOMHUOLIUTOB.

TTOCKOMBKY MCCIEHOBAHHOE COCMHEHNE AEMOHCTPUPYET BBICOKYIO dAHTHAPUTMUYECKYIO AKTMBHOCTD, HE M3MCHAA
TIpY 3TOM NOKazate DKI, IeKapCTBEHHBIN IPENapaT, CO3NAHHBI Ha €TI0 OCHOBE, MOKET OKA3aThCA H(P(EKTUBHBIM.
Kirouyessie C10Ba. ADUTMUSA, TUAOKANH, AKOHUTUHOBAA MOACEIb APHTMUH, AAPCHANIMHOBASL MOJEIb APUT-
MHH, 3NEKTPOKAPAUOrPAMMA, 3(P(PEKTUBHA AHTUAPUTMUYECKAS JO34.

INTRODUCTION manifestations of these diseases. Among

the factors influencing the increase in

For many decades, diseases of the car-
diovascular system have occupied first
place in the structure of morbidity and
mortality in the world. Heart rhythm dis-
turbances are one of the most common

their prevalence, the increase in life ex-
pectancy of the population and the in-
crease in morbidity of the circulatory sys-
tem can be highlighted [1; 2]. The main
methods of treating heart rhythm disor-
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ders are surgical interventions and drug
therapy with antiarrhythmic drugs. At the
same time, pharmacotherapy remains the
predominant method of treating patients
with arrhythmias [3]. Consequently, the
problem of choosing adequate antiar-
rhythmic therapy remains relevant and is
of considerable interest.

The purpose of the research is to study
the action of a new derivative 2-(alkyl-
pyrrolidine)-N-(aryl)carboxamide, which
has high antiarrhythmic activity and was
synthesized at the Department of General
and Organic Chemistry of the Perm State
Pharmaceutical Academy (D.V. Kalinin -
PhD in Chemistry, Head of the research
group at the Institute of Pharmaceutical
and Medicinal Chemistry, University of
MY¥nster, Germany).

MATERIALS AND METHODS

The biological activity of the com-
pounds was assessed in experiments on
animals obtained from the Andreevka
nursery in the Moscow region. The ani-
mals management complied with the
Good Laboratory Practice (GLP) and Ot-
der of the Ministry of Health of the Rus-
sian Federation No. 199n dated April 01,
2016 “Rules of Good Laboratory Practice”,
as well as the provisions of the manual for
conducting preclinical studies of medi-
cines edited by. AN. Mironov [4]. The
studies were approved by the Bioethics
Commission (protocol No. 8 dated Janua-
ry 20, 2023).
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A compound was selected for the
study, for which the antiarrhythmic index
(AI) was initially calculated, depending on
the values of the mean lethal and effective
therapeutic doses 2-(n-butylpyro-lidine)-
N-(2-bromophenyl)carboxamide  hydro-
chloride (compound K-23 ).

Qe

2-Br

Lidocaine produced by JSC BIOCHIMIC
(Russia) was used as a reference drug.

To study antiarrhythmic activity, ex-
periments were carried out on models of
cardiac arrhythmia in awake animals caused
by intravenous administration of chemicals;
in particular, aconitine and adrenaline
models of arrhythmia were used.

The study of the antiarrhythmic activ-
ity of the compound in a model of ar-
rhythmia caused by the administration of
aconitine was carried out on non-pedigree
rats of both sexes, sexually mature, weigh-
ing 180-250 g. During the experiment, an
electrocardiogram (ECG) was recorded in
the animals in standard lead II using a sin-
gle-channel electrocardiograph EK1T-1/3-07
"AXION" (manufactured by "Concern
"Axion" LLC, Russia). The dose of aconitine
that stimulated the formation of atrioven-
ticular extrasystole was selected experi-
mentally. Aconitine produced by Sigma-
Aldrich (USA) was administered into the
tail vein. As a result, a dose of 20 mcg/kg
was chosen. The death rate of animals was
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60 %', which made it possible to study the
effect of the compound on the duration of
arrhythmia in animals. Heart rhythm dis-
turbances appeared 1-2 minutes after ad-
ministration of aconitine. ECG was re-
corded for 20 minutes. The test compound
was administered intravenously at an effec-
tive antiarrhythmic dose 2 minutes before
the administration of aconitine. The activ-
ity of a substance was assessed by its ability
to prevent the development of arrhythmia
or increase the survival time of animals [4].

A study of the antiarrhythmic activity
of the compound in a model of arrhythmia
caused by the administration of adrenaline
was carried out on awake chinchilla rab-
bits weighing 4.5-5 kg. Adrenaline was
administered into the marginal vein of the
ear at a dose of 15 mcg/kg to assess the
heart reaction, which was recorded using
an ECG in standard lead II using a single-
channel electrocardiograph EKI1T-1/3-07
"AXION" (manufactured by "Concern "Ax-
ion" LLC, Russia). After restoration of the
heart rhythm, the test compound was ad-
ministered intravenously at a dose equal to
ED,,, and after 3 minutes, adrenaline was
administered again [4]. The antiarrhythmic
effect was assessed by the duration of the
arrhythmia attack.

When studying the effectiveness of a
new antiarrhythmic drug, it makes sense to
evaluate its effect on heart function, since
some antiarthythmic drugs can cause

' Boronenkova ES. Antiarrhythmic activity of new
isoquinoline derivatives: Candidate of Biology author's
abstract Tomsk 1996; 21.

changes in its physiological properties.
Therefore, an analysis of the electrocardio-
gram of awake rats was carried out. The
test compound, as well as the reference
drug, were administered intravenously to
animals in effective antiarrhythmic doses.

Statistical processing of the study re-
sults was performed using the Statistica 8.0
software package. The results were proc-
essed using variation statistics according to
the Fisher-Student method [5].

RESULTS AND DISCUSSION

When studying the antiarrhythmic activity
of 2-(alkylpyrrolidine)-N-(aryl)carboxamide
derivatives, it was found that compounds of
this group exhibit fairly high antiarrhythmic
activity.

Among these compounds, a substance
with maximum antiarthythmic activity was
found - K-23, the ED,, of which is 3.2 mg/kg,
and the antiarrhythmic index is 13.6.

Thus, the relative activity of 2-(n-butyl-
pyrrolidine)-N-(2-bromophenyl) carboxa-
mide hydrochloride is 2.7 times higher than
the activity of lidocaine’. In addition, the
task was set to determine the degree of
the heart protection from fibrillation
that appears after disruption of blood
flow in the coronary artery using this
compound. Analysis of the ECG re-
corded during a study on a model of
acute coronary occlusion in awake rats

! Kalinin DV, Pantsurkin V.I, Syropyatov BYa,
Rudakova LP, Vakhrin MI 2'-bromoanilide N-butylpyr-
rolidine-2-carboxylic acid hydrochloride, exhibiting antiar-
rhythmic activity. RF Patent No. 2504539; 2014.
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revealed that the K-23 compound pre-
vents the formation of ventricular fibril-
lation. This fact significantly distin-
guishes its effectiveness not only from
control results, but also from the activity
of lidocaine [6)].

To be able to suggest a probable
mechanism of the new compound action,
its antiarrhythmic activity was studied in
models using chemicals whose arrhyth-
mogenic effect is associated with an ef-
fect on the cardiomyocyte membrane.
Studies were carried out on a model of
arrhythmia initiated by aconitine, which
can interact with voltage-gated sodium
ion channels of cardiomycytes, which
leads to long-term depolarization. At the
same time, the permeability of the mem-
branes for potassium ions that leaves the
cell, as well as for calcium ions, increases.
An increase in calcium concentration in
the cell stimulates the release of acetyl-
choline, which reacts with cholinergic
receptors of postsynaptic membranes,
opening sodium channels here and creat-
ing a new action potential, which leads
to electrophysiological disturbances in
myocardial cells [7; 8]. The results of the
study are presented in Table 1.

The time of arrhythmia after ad-
ministration of aconitine to control
animals was 626.5 £ 95.2's. Preliminary
administration of the reference drug li-
docaine not only does not reduce the
duration of the arrhythmia, but also in-
creases this time by 1.5 times in com-
parison with the control result. At the
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same time, compound K-23 works quite
actively under conditions of aconitine
arrhythmia, under its influence there is a
statistically significant, compared with
the control, limitation of the arrhythmia
attacks duration in test animals to
366.7 s, as well as a significant decrease
in the duration of arrhythmia, compared
with the lidocaine effect (2.5 times). In
addition, this compound guarantees
protection of animals from death in
100 % of cases, while the use of lido-
caine does not prevent their death. Mor-
tality due to an arrhythmia attack when
using lidocaine was 40 %, which differs
little from the result in the control.

In addition, an arrhythmia model
was used using adrenaline, which creates
an arrhythmogenic effect caused by an
increase in the activity of the sympa-
thetic nervous system and the content
of catecholamines, causing activation of
slow transmembrane calcium channels
mediated by the excitation of B-adrener-
gic receptors, which provokes the for-
mation of ectopic activity of cardiac
pacemakers [9; 10]. From the results of
the experiment it follows that when
creating arrhythmia caused by the ad-
ministration of adrenaline, the sub-
stance K-23 does not prevent the ap-
pearance of cardiac arrhythmia in awake
rabbits. In addition, when using this
compound, the time of adrenaline ar-
rhythmia increases slightly compared to
control data. The results are shown in
Table 2.
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Table 1

Effect of compound K-23 on the course of aconitine arrhythmia in rats, M + m

Number of animals Dose (ED,,), Duration 0
Compound / drug in the experiment mg(/kgw) of arrhythmia, s Death, %
Control 10 - 626.5+95.2 70
366.7 = 30.4 0
K-23 10 p=10023 p=10.0002
p'=0.047 p'=0.024
. . 020.7 + 2635 40
Lidocaine 10 h=0248 »=0.19

Note pislevel of statistical significance of differences in comparison with control data; p' is level of
statistical significance of differences in comparison with lidocaine.

Table 2

Effect of compound K-23 on the development of adrenaline arrhythmia in
rabbits, M £ m

Prevention of arrhythmia,

Compound / Dose, Number | . Duration of arrhythmia, s
. % of the number of experiments
drug mg/kg | of animals - p
full partial total control experience
2970+ 174
K-23 04 5 0 0 0 2420174 | p=0305
p=0121
I 1520+ 135
Lidocaine 7.7 5 0 0 0 1900 £14.5 »=0091

Note pislevel of statistical significance of differences in comparison with control data; p' is level of
statistical significance of differences in comparison with lidocaine.

Thus, the test compound exhibits a
significant antiarrhythmic effect in the
aconitine arrhythmia model. In accot-
dance with the data obtained, the activ-
ity of K-23 in aconitine arrhythmia may
characterize its ability to block sodium
current, slowing down the depolariza-
tion of cardiomyocyte membranes.

When taking antiarrhythmic drugs
of various groups, characteristic changes
often appear on the ECG. In this regard,
changes in the heart function of ex-
perimental animals were assessed based

on an analysis of the ECG of rats after
intravenous administration of the K-23
compound in an effective antiarrhyth-
mic dose. The results are presented in
Table. 3.

As a result of the analysis of the ECG of
awake rats, it was found that intravenous
administration of a comparison drug to
animals in an effective antiarrhythmic dose
leads to individual ECG changes. Lidocaine
has a negative chronotropic effect. It re-
duces the heart rate by 1.2 times. This
change is statistically significant compared
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Table 3
Effect of compound K-23 on ECG parameters in rats, M = m
Number ECG indicator
Compound / drug qf animals heart.rate per | PQ mFerval QRS duration, s QT 1nFerval amplitude R,
in group minute duration, s duration, s mV
Control
(0.9 % NaCl 10 442.8 +17.05| 0.04 £ 0.004 | 0.03 £0.003 | 0.06 % 0.003 | 0.26 = 0.04
solution)
K-23 10 4453 +7.0 | 0.06%0.005 | 003+001 | 0.07+0.01 | 0.32%0.04
p=00614 p=0.018 p=0849 p=00614 p=0347
Lidocaine 10 373.8%11.3 | 0.05+0.005 | 0.02%0.002 | 0.06 +0.004 | 0.49 +0.04
p=10.003 p=0220 D =0.664 p=0480 p=0018

Note: pislevel of statistical significance of differences in comparison with control data.

to the control result. There is also a slight
increase in the amplitude of the R wave.
Deviations in ECG parameters with the in-
troduction of K-23 compound are insignifi-
cant, in particular, there is a slight prolonga-
tion of the PQ interval compared to the
control result, which indicates a slowdown
in the conduction of excitation from the
sinus node to the atrioventricular node,
heart rate, QRS interval time, QT, wave
height R do not differ from these indicators
in the control series of experiments.

CONCLUSIONS

1. 2-(n-butylpyrrolidine)-N-(2-bromo-
phenyl)carboxamide hydrochloride (com-
pound K-23) shows visible activity in
models of arrhythmia caused by admini-
stration of aconitine and calcium chloride,
which may indicate its ability to impede
the sodium flow through the cell mem-
brane by slowing depolarization of car-
diomyocytes.
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2. Since the compound studied, dem-
onstrates high antiarrhythmic activity with-
out changing the ECG readings, the drug
created on its basis may be effective.
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