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Abstract

Introduction. Aminopropylimidazole derivatives, which potentially can have various
pharmacological activities and have a wide range of applications in pharmacochemistry, were
selected as the object of study.

Aim. The study aimed to investigate some biological effects of new
aminopropylimidazole derivatives. In this study, we investigated the acute toxicity and local
anesthetic activity in an experiment on laboratory animals.

Materials and Methods. The study of the acute toxicity of the compounds was conducted
on healthy, sexually mature, non-linear mice. The study of local anesthetic activity during
infiltration anaesthesia was carried out using the method of Bulbring and Wajda on male guinea
pigs. The tail flick method was used for the experimental study of local anesthetic activity
during conduction anaesthesia.

Results. The compounds showed low toxicity, as well as a positive effect of varying
degrees of expression during the study of local anesthetic activity in models of conduction and
infiltration anaesthesia, exceeding the indicators of novocaine.

Conclusion. The obtained results may become the basis for further in-depth study of these
compounds within the framework of expanded preclinical trials, including the study of chronic
toxicity and the determination of optimal therapeutic doses, with the aim of creating new local
anesthetic agents.

Key words: aminopropylimidazole derivatives, toxicity, local anaesthetic activity,
conduction anaesthesia, infiltration anaesthesia.

Introduction. Pain is one of the most common complaints in people with acute and
chronic diseases, which significantly reduces the quality of life of the patient [1]. Every doctor
of any profile is faced with the elimination or prevention of pain syndrome. At the moment in
dentistry, ophthalmology, gynaecology and surgery local anaesthetics are mostly used for
temporary pain relief and are preferred to general anaesthesia because they can reduce the
number of postoperative complications [2]. Local administration of anaesthetic solutions is a
priority because it allows rapid anaesthesia of the area to be treated and also avoids systemic
complications. Therefore, some outpatient surgeries performed under local anaesthesia require
highly effective drugs for local anaesthesia to control pain syndrome [3]. However, despite the
urgency of the problem, the availability of pharmacological developments in this field, and the
available guidelines and recommendations on pain management, the problem is far from being
solved and patients often do not receive adequate care [4].
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The use of local anesthetics in medical practice often has side effects, like many drugs,
which leads to the need to create safe and effective local anesthetics [5]. Currently, the
emergence of drugs with a long action and high efficiency can open up great opportunities for
their use in various fields of medicine.

In clinical practice, various groups of drugs are used for pain management, among which
local anaesthetics have a number of advantages because they have a variety of dosage forms,
wide clinical application, relatively few complications and negligible effects on the
physiological functions of the patient [6]. Thus, local anaesthetics play an indispensable role in
the management of pain, and are undoubtedly among the first choices for use [7]. Local
anaesthetics can help to reduce discomfort and create a favourable environment for the patient
to manage pain symptoms. There is an expanding arsenal of local anaesthetics that could
provide sufficient depth of analgesia for a relatively long period of time, while having minimal
side effects, which could ultimately improve the quality of care [8].

Heterocycles containing azole ring system exhibit a wide range of biological properties,
which include antiparasitic [9], antibacterial [10,11], antifungal [12], antimalarial [13],
antituberculosis [14] and antiviral properties [15], antitumour [16], and antioxidant properties
[17]. A number of studies have shown the presence of anti-inflammatory properties in imidazole
compounds [18,19]. For example, a series of halogenated 1,5-diarylimidazole compounds were
synthesised and their inhibitory effect on lipopolysaccharide (LPS) induced PGE2 production
in RAW 264.7 cells was evaluated, among which four compounds were identified as stronger
inhibitors of PGE2 production than celecoxib [20]. The results of a series of l-aryl-
5,6(1H)dioxo-2,3-dihydroimidazo[1,2-a]Jimidazole ~ derivatives = showed  that 1-(4-
methylphenyl)-2,3-dihydro-1H-imidazo[1,2-a]imidazole-5,6-dione is a negative allosteric
modulator (NAM) of the human p-opioid receptor [21]. The synthesized 2-substituted-1H-
phenantro [9, 10-d]imidazole compounds exhibited analgesic activity in the tail-flick model
[22]. Achar et al. prepared a class of 2-methylaminobenzimidazole compounds and investigated
its analgesic and anti-inflammatory activity in vivo. Among them, two compounds showed
significant analgesic and anti-inflammatory activity compared to the reference nimesulide [23].

One of the pharmacological properties of imidazole derivatives is local anesthetic
activity. In the studies of Yan R. et al., it was indicated that the synthesized 1,2,4,5-
tetrasubstituted imidazoles showed local anesthetic activity [24]. Another study found two
imidazole derivatives that were superior in activity to bupivacaine and similar in toxicity [25].

These data give us grounds to assume that the newly synthesized imidazole derivatives
have local anesthetic activity. In this regard, the aim of our work was to evaluate the potential
of the fragment 1-(3-aminopropyl)-1H-imidazole as a local anesthetic.

Materials and methods.

Ethical issues

All studies were approved by the Local Bioethics Commission of Asfendiyarov Kazakh
National Medical University (Protocol No. 8 (114), dated 01.27.2021).

Chemical synthesis and structural analysis

For experimental study of acute toxicity and local anesthetic activity, the objects of the
study were 3 azaheterocyclic derivatives with an aminopropylimidazole fragment (Figure 1),
synthesized at the A.B. Bekturov Institute of Chemical Sciences.
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Figure 1. Chemical structure of compounds.

The reaction progress and individuality of compounds were controlled by TLC on
aluminium oxide of 1l degree of activity, with iodine vapour stains. IR spectra were recorded
on a Nicolet 5700 FT-IR spectrometer (USA) in KBr pellets and in thin film. *H and *3C NMR
spectra were taken on a JNM-ECA Jeol 400 spectrometer (Japan) (399.78 and 100.53 MHz,
respectively) using DMSO-d6 solvent. Chemical shifts were measured relative to the signals of
the residual protons or carbon atoms of deuterated dimethyl sulfoxide.

N-[(2-Fluorophenyl)(diethyl)methyl]-3-(1H-imidazol-1-yl)propan-1-amine(1)

In a flat-bottomed conical flask equipped with a Dean-Stark trap with a reflux condenser,
2.1 ml (0.016 mol) of 1-(3-aminopropyl)-1H-imidazole in 185 ml of absolute benzene are
placed. Then 3.46 ml (0.034 mol) of 2-fluorobenzaldehyde and 2.86 ml (0.022 mol) of diethyl
phosphite are successively added. The mixture is stirred for 20 min at room temperature. With
constant stirring, the reaction mixture is heated at the boiling point of benzene for 37 h. After
distilling off the solvent, the residue is repeatedly washed with hot hexane. From the hexane
fraction,N-[(2-fluorophenyl)(diethyl)methyl]-3-(1H-imidazol-1-yl)propan-1-amine1(3.82 g,
58%) with Rf 0.11 (Al203, eluent hexane: chloroform - 1:3), nD20=1.535.

Calculated for C17H25N303 PF: C 55.28; H 6.77; N 11.38; P 8.39.

Found: C 55.25; H 6.80; N 11.40; P 8.41.

IR spectrum, cm-1: 1457 (C=C); 1081 (CN); 1157 (P=0); 757 (PC); 1030 (C-F).

'H NMR spectrum (5, DMSO-d6): 0.92 s (6H, H-14.23), 2.09 s (2H, H-7), 2.45 s (1H, H-
8ax), 2.63 (1H, H-8 eq), 2.63 s (1H, NH), 3.46-3.55 s (2H, H-13ax,22ax), 3.57-3.70 s (2H, H-
13eq,22 eq), 3.87 (2H, H-6). (1H-imidazol-1-yl)propyl: 6.77, 6.96, 7.53 s (3H, CHimidazol).
7.16, 7.34, 8.09 d (4H, C6H4F).

13C NMR spectrum (5, DMSO-d6): 16.9, 17.0 (C-14, 23), 27.5, 44.0, 44.5 (C-6-8), 51.8,
61.4 (C-10, 13.22). (1H-imidazol-1-yl)propyl: 119.7, 128.2, 137.4 (CHimidazol). 115.4-162.2
(C6H4F).

COSY NMR spectrum: H8ax—H8eq, H14,23—H13,22, H7—H6.,H22ax—H22eq,
H13ax—HI13eq, H19—H20, H19—H18. HMQC NMR spectrum: H23.14—C23.14, H7—C7,
H8ax—C8, H8eq—C8, H22ax—C22; H13ax—C13, H22eq-C22; H13eq—C13, H6—C6,
H10—C10, H2—C2, H20—C20, H5—C5, H19—C19, H4—-C4, H17—-C17, H18—Cl18.
HMBC NMR spectrum: H23.14—C22.13, H6—C7, H10—C15, H10—C20, H10—C20,
H2—C4, H2—C5.

ComplexN-[(2-Fluorophenyl)(diethyl)methyl]-3-(1H-imidazol-1-yl)propan-1-amine (2,
Compound A)
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To obtain the inclusion complex, mix solutions of 2 g (0.005 mol)N-[(2-
Fluorophenyl)(diethyl)methyl]-3-(1H-imidazol-1-yl)propan-1-aminein 50 ml of ethyl alcohol
and 6.14 g (0.005 mol) of B-cyclodextrin in 80 ml of distilled water. The mixture is placed in a
drying oven, ethanol and water are evaporated at 50-550C. The inclusion complex of diethyl
(((3-(1H-imidazol-1-yl)propyl)amino)(2-fluorophenyl)methyl)phosphonate with B-
cyclodextrin 2 (7.88 g, 97%) is obtained as a white powder.

Calculated for C59H95N3PFO38: C 47.10; H 6.32; N 2.80; P 2.06.

Found: C 47.30; H 6.30; N 2.78; P 2.08.

Experimental animals

To study the safety and local anaesthetic activity of imidazole derivatives, we used
conventional methods recommended by the manual on experimental (preclinical) study of new
pharmacological substances by A. N. Mironov (2012) [26]. Experimental work was performed
on outbred white mice (8-9-week-old), guinea pigs (mature animals) and rats (7-8-week-old).
All laboratory animals were previously quarantined for 2 weeks. The animals were housed in
specialized cages under controlled hygienic conditions at a temperature of 25 + 2 °C, with
adequate ventilation and a natural 12-hour light/dark cycle. They had unrestricted access to
clean drinking water and standardized feed appropriate for each species. Animals were
individually identified using permanent marker labeling to ensure accurate tracking throughout
the study. All experimental procedures involving animals were conducted in accordance with
the Order of the Minister of Health of the Republic of Kazakhstan dated December 11, 2020
No. KP DSM-255/2020 “On approval of the rules for conducting preclinical (non-clinical)
studies and requirements for preclinical bases to assess the biological effect of medical
devices”, as well as the rules of the “European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific Purposes” and Directive 2010/63/EU of
the European Parliament and Council of the European Union on the protection of animals used
for experimental and other scientific purposes. Experimental procedures involving animals
were conducted in accordance with internationally accepted principles for the care and use of
laboratory animals and complied with the relevant national regulations.

Acute toxicity testing

Acute toxicity studies of the investigated compounds were carried out on healthy sexually
mature outbred mice of both sexes of the same age by subcutaneous administration (n = 78,
weight 18-20 g) [26]. Laboratory animals were divided into groups of 6 animals (3 female mice
and 3 male mice) each randomly. Aqueous solutions of the tested compounds in 3 different
concentrations (Table 2) and reference preparations (lidocaine, trimecaine, procaine) were
administered to animals once subcutaneously in the lateral surface of the body. The total
duration of observation of the animals was 14 days. During the observation period the general
condition of animals was recorded, in particular, behavioural characteristics, intensity and
character of motor activity, presence and character of convulsions, coordination of movement,
tone of skeletal muscles, reaction to tactile, pain, sound and light stimuli, condition of hair and
skin, colour of mucous membranes, tail position, quantity and consistency of faecal masses,
feed.

Local anesthetic activity in infiltration anaesthesia

A study of local anesthetic activity during infiltration anaesthesia was conducted using
the Bulbring and Wajda method on male guinea pigs [27]. Laboratory animals were randomly
divided into groups of 6 animals each to study one compound. Freshly prepared 0.5% solutions
of the test drug in a volume of 0.25 ml were injected intradermally into the back of each animal,
after removing the hair from it; freshly prepared isotonic solutions of the test compound were
injected intradermally at 4 points at the corners of a square with a side of 3 cm. Local anesthetic
activity was assessed 6-8 times for each of the selected concentrations. Sensitivity at the

@) 126
© The Author(s), 2026. Licensed under CC BY 4.0



BECTHUK KA3SHMY Ne 2 (77) — 2026
ISSN 2524 - 0684 e-ISSN 2524 - 0692

injection site was determined by touching with an injection needle in a series of 6 touches at
intervals of 3-4 s, every 5 min, for 30 min. For each experimental series, the following
parameters were assessed: the total number of needle stimulations that did not induce a skin
twitch response during a 30-minute observation period (anaesthesia index), the duration of
complete anaesthesia, and the total duration of anesthetic action.

Local anesthetic activity in conduction anaesthesia

The tail flick method was used for the experimental study of local anaesthetic activity in
regional anaesthesia. Modified method “tail flick” [28], was used for the experimental study of
local anaesthetic activity in regional anaesthesia. The study was carried out on outbred white
male rats. Laboratory animals were divided into groups randomly with 6 animals in each group
for the study of one compound. The principle of the method is to record the latent period of tail
retraction during thermal exposure of its middle part by a focused light beam of an
optoelectronic algesimeter TF-003 before and after anaesthesia. The intensity of the thermal
nociceptive effect was adjusted so that the initial tail twitch responses proceeded with a latent
period between 3 and 6 seconds. Initially, the threshold of pain sensitivity was determined.
Then, a solution of test compound and reference drug in a volume of 1 ml was injected evenly
on the four sides of the root of the tail of the rat. After administration of test compound and
reference drugs, retesting was performed for a specific time interval. An increase in the latency
period of the tail wagging reflex by a factor of 2 will be evaluated as complete anaesthesia.
Compounds and reference drugs (lidocaine, trimecaine, procaine) were compared in terms of
time of onset of anaesthesia, duration of complete anaesthesia and total duration of anaesthetic
effect of the drug.

Statistical analysis

The median lethal dose (LDso), expressed as the mean value + standard error, was
calculated based on the experimental results. LDso values were estimated using the
QuestGraph™ LDso Calculator (AAT Bioquest, Inc. https://www.aatbio.com/tools/Id50-
calculator). All data are presented as mean + standard error of the mean (SEM) or standard
deviation (SD), as specified. Statistical analyses were performed using SPSS 27.0 software
(IBM, USA). To assess the precision of the median lethal dose (LD50) estimation, the 95%
confidence interval (95% CI) was calculated using Student’s t-test for small sample sizes. The
calculation was performed according to the following formula:

95%CI=LD50txSE95%CI=LD50txSE,
(1)

where LD50 is the median lethal dose, SE is the standard error of the mean, and t is the
critical value of Student’s t-distribution for a two-tailed 95% confidence interval with n —
1 degrees of freedom. For n = 6, the value t = 2.571 was used [29].

Pairwise comparisons were performed using Student’s t-test followed by Holm-—
Bonferroni correction for multiple testing. All quantitative data obtained from the experimental
series were assessed for compliance with normal distribution using the Shapiro—-Wilk test,
which has high sensitivity for small sample sizes.

Results

Synthesis of aminopropylimidazole derivatives

We have found that bicyclic derivatives with an imidazole fragment have growth-
stimulating activity (Compound B) [30] and toxicity to tumor cells and the ability to activate
polyamine oxidase in liver lysates (Compound B) [31]. The difference is in the bicyclic part —
(benzoyloxy)imino groups at the 9-position of the bispyridine ring in Compound B and
Compound C affected bioactivity. It should be noted that the pharmacological potential is far

@) 127
© The Author(s), 2026. Licensed under CC BY 4.0


https://www.aatbio.com/tools/ld50-calculator
https://www.aatbio.com/tools/ld50-calculator

BECTHUK KA3SHMY Ne 2 (77) — 2026
ISSN 2524 - 0684 e-ISSN 2524 - 0692

from exhausted, in particular, including local anesthetic activity. In addition, the "replacement”
of the bicyclic part with a phosphonate fragment seems interesting. Therefore, a new a-
aminophosphonate was synthesized based on 1-(3-aminopropyl)-1H-imidazole under the
conditions of the Kabachnik-Fields reaction. The interaction of 3-(1H-imidazol-1-yl)propan-1-
amine with 2-fluoraldehyde and diethyl phosphite in benzene at 70-90 °C yielded the target a-
aminophosphonate (58%), which is a thick, mass-like product. B-cyclodextrin was used to
encapsulate the aminophosphonate molecule (Figure 2).
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Figure 2. Synthesis of aminopropylimidazole derivatives.

The structure of the compounds was confirmed by 1H, 13C NMR methods. In the 1H
NMR spectrum of the Compound A is characterized by the presence in the strong-field region
of the spectrum at 0.92 ppm of a six-proton singlet signal of methyl protons H-
14,14,14,23,23,23 of two ethoxy groups. Methylene protons H-7,7 of the imidazolepropyl
fragment appeared as a two-proton singlet signal at 2.09 ppm. Methylene protons H-8ax and
H-8eq resonated with two singlets at 2.45 and 2.63 ppm, respectively. Methylene protons H-
6,6 appeared as a two-proton singlet at 3.87 ppm. The quaternary proton H-10 appeared as a
doublet signal at 4.44 ppm. Due to the presence of proton-proton exchange processes with
solvent molecules, protons H-9 appeared as a broadened singlet signal at 5.28 ppm. In the
imidazole ring, protons H-5, H-4, and H-2 appeared as singlets at 6.77, 6.96, and 7.53 ppm,
respectively. Fluorophenyl protons H-17 and H-19 resonated as a single-proton doublet at 7.16
ppm, and protons H-18 and H-20 appeared as singlets at 7.34 and 8.09 ppm, respectively.

In the 13C NMR spectrum of the compound1 signals of ethoxy groups appeared at 16.93
and 16.98 (C-14,23) and 61.38 (C-13,22) ppm. The tertiary carbon atom C-10 appeared at 51.79
and 53.14 ppm. The imidazolepropyl carbon atoms resonated at 27.47 (C-7), 43.98 (C-6), 44.48
(C-8), 119.66 (C-4), 128.19 (C-5) and 137.40 (C-2) ppm. The carbon atoms of the aromatic
fragment resonated at 115.41 (C-17), 121.32 (C-15), 130.84 (C-20,18) and 159.73 and 162.17
(C-16) ppm. Structure of the Compound A was also confirmed by the methods of one-
dimensional DEPT spectroscopy and two-dimensional NMR COSY (1H-1H), HMQC (1H-
13C) and HMBC (1H-13C) spectroscopy, which makes it possible to establish spin-spin
interactions of homo- and heteronuclear nature. In the 1H-1H COSY spectra of the compound,
spin-spin correlations are observed through three bonds of protons of neighboring methyl-
methylene, methylene-methylene and methine-methine aliphatic and aromatic groups: H8ax-
H8eq (2.47, 2.63 and 2.63, 2.47), H14,23-H13,22 (0.91, 3.54 and 3.54, 0.91), H7-H6 (2.08,
3.85and 3.85, 2.08), H22ax-H22eq; H13ax-H13eq (3.48, 3.60 and 3.60, 3.48), H19-H20 (7.13,
7.30 and 7.30, 7.13), H19-H18 (7.14, 8.07 and 8.07, 7.14) ppm.

Heteronuclear interactions of protons with carbon atoms through one bond were
established by 1H-13C HMQC spectroscopy for the following pairs present in the compound:
H23,14-C23,14 (0.90, 17.10), H7-C7 (2.07, 27.70), H8ax-C8 (2.45, 44.42), H8eq-C8 (2.62,
44.62), H22ax-C22; H13ax-C13 (3.49, 61.95), H22eq-C22; H13eq-C13 (3.60, 61.75), H6-C6
(3.87, 44.01), H10-C10 (4.43, 52.37), H2-C2 (7.50, 137.38), H20-C20 (7.31, 130.86), H5-C5
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(6.75, 128.82), H19- C19 (7.13, 125.15), H4-C4 (6.94, 120.26), H17-C17 (7.15, 115.98), H18-
C18 (68.08, 130.86) ppm.

Heteronuclear interactions of protons with carbon atoms through two or more bonds were
established using 1H-13C HMBC spectroscopy for the following pairs present in the
compound: H23,14-C22,13 (0.90, 61.42); H6-C7 (3.84, 27.71); H10-C15 (4.41, 121.36), H10-
C20 (4.42,130.72), H10-C20 (4.41, 160.69); H2-C4 (7.50, 119.48), H2-C5 (7.50, 128.62) ppm.

Acute toxicity evaluation

Compounds and comparison preparations were administered in 3-4% solutions,
depending on the dose, in a volume not exceeding 1 ml. The results of the studies are shown in
Tables 1, 2.

Table 1. Acute toxicity of aminopropylimidazole derivatives for subcutaneous
administration.

No. Compound, drug LDsoxSE, mg/kg 95% confidence interval, mg/kg
1 Compound A 1287+31.9 * 1204.99-1369.01

2 Compound B 901+£20.3 * 848.8-953.2

3 Compound C 930£17.78* 884.3-975.7

4 Lidocaine 230+35.7

5 Trimecaine 375+3.1

6 Procaine 480+1.0

Notes: Data were reported as means =SE (n=6). * P<0.001 compared to all reference drugs
(t-test).

Table 2 . Toxicity data of compounds A, B, C in mice.

Compounds Number of animals, goal Deaths %
Total Deaths
Compound A
800 mg/kg 6 0 0
1000 mg/kg 6 1 16,6
1300 mg/kg 6 3 50
Compound B
800 mg/kg 6 1 16,6
1000 mg/kg 6 5 83,3
1200 mg/kg 6 6 100
Compound C
800 mg/kg 6 0 0
1000 mg/kg 6 5 83,3
1200 mg/kg 6 6 100

* Dosages were selected according to the mortality of the animals in each group.

When administered subcutaneously, Compound A at a dose of 800 mg/kg did not produce
any signs of intoxication. With dose escalation to 1000 mg/kg, clear signs of intoxication were
observed. Toxic effects appeared after 10-12 hours and were manifested by general depression
in the animals: mice showed lethargy, reduced locomotor activity, hypodynamia, decreased
appetite, and a 5-10% reduction in body weight, which recovered after 24 hours. One mouse
died. At a dose of 1300 mg/kg, no response to external stimuli was observed; respiration
initially became rapid and shallow, followed by deep and convulsive breathing, and tonic—
clonic seizures developed. Death in three mice occurred 12—24 hours after the initial cessation
of respiration.
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Following administration of Compound B (800 mg/kg), the first signs of intoxication
appeared within 30—60 minutes. In animals, convulsive muscle twitching, episodes of apnea,
and changes in behavioral activity were gradually observed 30-40 minutes after administration.
Subsequently, locomotor activity gradually recovered, respiration normalized, and within 56
hours the animals returned to baseline activity levels prior to compound administration.
Complete restoration of physiological parameters occurred within 24 hours. At doses of 1000
and 1200 mg/kg, 5 and 6 deaths, respectively, were recorded within 12 hours, characterized by
respiratory arrest.

After subcutaneous administration of Compound C, within the first minutes at a dose of
800 mg/kg, laboratory animals exhibited drowsiness, ataxia, tremor and weakness of the limbs,
and convulsions, followed by respiratory depression. No significant changes in body weight
were observed. Recovery occurred after 10-12 hours, although one mouse died. At increased
doses of 1000 and 1200 mg/kg, adynamia was observed in mice. Immediately after
administration, convulsions occurred lasting 20-30 minutes, after which the animals exhibited
deep breathing. Death occurred 24 hours after administration.

It should be noted that the clinical manifestations observed in laboratory animals,
including their behavioral responses and pathological changes, did not differ depending on sex.

After administration of the compound, the animals were continuously monitored for the
first 4 hours and subsequently observed daily for 14 days. The study did not involve the
induction of pain; therefore, anesthesia was not applied. Animals that reached a terminal state
or exhibited severe signs of distress were humanely euthanized under general anesthesia
(Zoletil-Xylazine). Euthanasia was performed using Zoletil-Xylazine anesthesia followed by
cervical dislocation.

After euthanasia, macroscopic examination of the liver, kidneys, and lungs was
performed, including assessment of organ size, color, consistency, and the presence of
pathological changes. Histology was presented in the high-dose groups, where pronounced
changes were observed in the lungs, liver, and kidneys.

During the investigation of Compound A, administration at a low dose resulted in focal
serous hepatitis in the liver and hydropic degeneration in the kidneys. This type of irreversible
degenerative change may lead to acute renal failure, which can be accompanied by pronounced
pulmonary manifestations such as focal pneumonitis and pulmonary edema, potentially
resulting in death. At higher doses, focal hepatic alterations characterized by venous congestion
and protein dystrophy were observed. In the lungs, venous congestion accompanied by
erythrodiapedesis was detected, while cortical necronephrosis was observed in the kidneys. In
this regard, acute renal failure can be considered the probable cause of death.

In the case of Compound B, histological examination of target organs revealed venous
congestion in the liver, microcirculatory venous congestion accompanied by erythrodiapedesis
in the lungs, and necronephrosis in the kidneys, which ultimately led to death.

For Compound C, histological analysis of target organs demonstrated protein dystrophy
in the liver as well as protein dystrophy and venous congestion in the kidneys. In the lungs,
focal hemorrhages in the alveoli and focal emphysematous changes were observed.

During the histopathological examination, various changes in the major organs caused by
the tested compounds were identified. (Figure 3).
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x400: 1A — hepatic venous fullness, protein dystrophy; 1B — venous fullness with
erythrodiapedesis; 1C — cortical renal necronephrosis. 2A — venous liver fullness; 2B —
venous fullness with erythrodiapedesis; 2C — renal necronephrosis. 3A — hepatic protein
dystrophy; 3B — small focal bleeding in the alveoli, small focal emphysema of the lungs; 3C —
protein dystrophy, venous renal fullness.

Evaluation of local anesthetic effect in infiltration anaesthesia

When studying infiltration anaesthesia, the depth of anaesthesia in ‘anaesthesia indices’,
the duration of complete anaesthesia and the total duration of the anaesthetic effect were
determined. Depth of local anaesthetic effect — weakening of nociceptive reaction caused by
the substance (up to its complete disappearance) in comparison with the initial values of this
reaction in response to nociceptive stimulation of the tissue area locally affected by the
substance. Full anaesthesia — increase in the latency period by at least 2 times (by 100%).
Duration of anaesthesia — the period of time from the development of local anaesthesia to its
disappearance.

The obtained experimental data showed that the substances are effective to varying
degrees in infiltration and conduction anaesthesia. The results of the study of the local
anesthetic activity of aminopropylimidazole compounds in infiltration anaesthesia are shown
in Figures 4 and 5.
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Anesthesiaindex

1 compound 2 compound 3 compound Procaine Lidocaine Trimecaine
Compound | Reference drug
Figure 4. Anaesthesia index of compounds during infiltration anaesthesia (0.5% aqueous
solutions). Notes: Data are reported as means+SD (n=6), t-test, Holm-Bonferroni correction.
A — Anaesthesia index (max-36).

B full anaesthesia
100 M total duration

Anaesthesia duration, min

1 compound 2 compound 3 compound Procaine Lidocaine Trimecaine

Compound |/ Reference drug
Figure 5. Local anesthetic activity parameters of 0.5% solutions (infiltration anaesthesia
model). Notes: Data are reported as means+SD (n=6), t-test, Holm-Bonferroni correction:
*P<0.05 compared to procaine. **P<0.001 compared to trimecaine.

According to Figures 4 and 5, it can be noted that Compound A (the complex of
diethyl[(3-(1H-imidazol-1-yl)propylamino)(2-fluorophenyl)methyl]phosphonate with B-CD)
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at a concentration of 0.5% was the most effective in terms of the total duration of anaesthesia
compared to procaine.

Evaluation of local anesthetic effect in conduction anaesthesia

When modelling conduction anaesthesia, the compound benzoyloxime 3-(3-boc)-7-(3-
imidazolopropyl)-3,7-diazabicyclo[3.3.1]nonane with B-CD (compound C), which induced
complete anaesthesia (complete anaesthesia index 38.3), was slightly inferior to trimecaine
(p>0.05) and superior to procaine (p>0.05), but inferior to lidocaine. The duration of action was
62 minutes, which was superior to trimecaine and procaine but inferior to lidocaine. It is likely
that the presence of the benzoyloxime group contributes to the local anaesthetic activity
observed in conduction anaesthesia. Table 4 summarises the results of the study.

Table 4. Local anesthetic activity parameters of 1% solutions (conduction anaesthesia
model).

Compound, reference Duration of deep anaesthesia, Total duration of action,
drug min min

Compound A - 22.8+1.48*
Compound B - 6.67+1.18**
Compound C 38.3+5.55 62.0+4.84
Trimecaine 47.3+8.4 56.9+12.8
Lidocaine 65.0+18.4 90.0+18.4
Procaine 35.2+7.1 42.3+13.6

Notes: Data were reported as means =SE (n=6). * P<(0.05 compared to trimecaine,
** P<0.05 compared to trimecaine, novocaine (t-test, Holm-Bonferroni correction).

The  complex of  diethyl [(3-(1H-imidazol-1-yl) propyl-amino) (2-
fluorophenyl)methyl|phosphonate  with B-CD (compound A) and 3-(3-boc)-7-(3-
imidazolopropyl)-3,7-diazabicyclo[3.3.1.1]nonane with B-CD (compound B) at 1%
concentration did not show complete anaesthesia. The duration of action was 22.8 min for
compound A and 6.67 min for compound B.

Discussion. According to the literature imidazoles are low toxic [32, 33], which was
confirmed by this experiment. The toxicity results showed that diethyl[(3-(1H-imidazol-1-
yl)propyl-amino)(2-fluorophenyl)methyl]phosphonate with B-CD (compound A) was the least
toxic: The LD50 was 1287 mg/kg. This value was 5.3 times higher than lidocaine, and
trimecaine 3.2 times and procaine 2.5 times. Unlike other groups, the presence of 2-
fluorophenylmethyl phosphonate in the composition of the group possibly reduces the toxicity
of this compound. This is consistent with the data of a number of studies on the synthesis of
new aminophosphonates containing fluorine in its structure, showed low toxicity. Thus, in the
studies of Yu VK et al. and Singh I. et al. synthesised dimethyl[(4-benzhydrylpiperazin-1-yl)(p-
o-fluoro-phenyl)methyl]phosphonates were less toxic compared to reference drugs —
trimecaine, lidocaine and procaine [34, 35].

The indicators for compounds C were also of low toxicity: the LD50 for 3-(3-BOC)-7-
(3-imidazolopropyl)-3,7-diazabicyclo[3.3.1]nonane with B-CD (compound B) was 901 mg/kg,
and for benzoyloxime 3-(3-BOC)-7-(3-imidazolopropyl)-3,7-diazabicyclo[3.3.1]nonane with
B-CD (compound C) it was 930 mg/kg. These values were 3 times higher than those of lidocaine
and 2 times higher than those of trimecaine and procaine. Both compounds contained
complexes of imidazolopropyl with diazabicyclononane and B-CD, which likely contributes to
their low toxicity. In Grecu M. et al. studies have demonstrated the role of complexes with -
CD in improving the safety profile of compounds [36]. Between compounds C and B,
Compound C (930 mg/kg) was the least toxic, slightly surpassing compound B (901 mg/kg),
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most likely due to the presence of a benzoyloxime group in its structure. Thus, it can be assumed
that the presence of imidazole group in the structure of molecules helps to reduce toxicity.

A study of the local anesthetic activity of imidazole derivatives in infiltration anaesthesia
model showed that compound A is higher than procaine and lidocaine in terms of anaesthesia
index, less than trimecaine. The complete anaesthesia index of this compound exceeded the
corresponding parameters of the reference drugs; however, no statistically significant
differences were found (p>0.05). In terms of the total duration of anaesthesia, this substance
exceeded the corresponding parameter of procaine by twofold. This is probably due to the
presence of 2-fluorophenylmethyl phosphonate in the structure of the fragment, which led to an
increase in the duration of complete anaesthesia and general anaesthesia. In a study by Perrone
MG. et al. some fluoromethyl substituted compounds had biological activity as analgesics [37].
Also, Almasirad A. et al. determined that the phenyl moiety can enhance the analgesic activity
of triazole derivatives [38]. These literatures show the analgesic activity of compounds that
contain fluorophenyl fragments.

In the study of local anaesthetic activity on the model of infiltration anaesthesia the least
active was 3-(3-boc)-7-(3-imidazolopropyl)-3,7-diazabicyclo[3.3.1.1]Jnonane with (B-CD
(compound B), which was inferior to lidocaine, procaine and trimecaine in terms of anaesthesia
index, complete and duration of anaesthesia. The activity of benzoyloxime 3-(3-boc)-7-(3-
imidazolopropyl)-3,7-diazabicyclo[3.3.1]nonane with B-CD (compound C) occupies an
intermediate position in comparison with other studied compounds: in terms of the anaesthesia
index, it was comparable to procaine and inferior to the other two reference drugs (p>0.05). In
terms of the general anaesthesia parameter, this compound was inferior to trimecaine but
slightly superior to lidocaine and procaine; however, no statistically significant differences
were found. Compound C showed lower values of complete anaesthesia compared to all
reference drugs (p>0.05). According to the results obtained during infiltration anaesthesia on
guinea pigs, all compounds showed positive results, slightly inferior to the comparison drugs.

Despite the absence of statistically significant differences in the mean values of the
duration of effect, the obtained data indicate a pronounced tendency toward a longer local
anaesthetic action of the studied compounds. It should be taken into account that the absence
of statistically significant differences in a number of comparisons may be associated with the
high variability of biological responses and the small sample size (n=6), which is typical for
preclinical studies of local anaesthetic activity. Under such conditions, the p-value may not
fully reflect the magnitude of the pharmacological effect; therefore, additional evaluation of the
effect size is of particular importance for the interpretation of preclinical study results.

In study of the local anaesthetic activity of aminopropylimidazole derivatives in
conduction anaesthesia model the least effective was 3-(3-boc)-7-(3-imidazolopropyl)-3,7-
diazabicyclo[3.3.1.1]nonane with -CD (compound B), which unlike the other two compounds
lacks fluorophenylmethyl phosphonate or benzoyloxime groups. It should be noted that
diethyl[(3-(1H-imidazol-1-yl)propyl-amino)(2-fluorophenyl)methyl]phosphonate with B-CD
(compound A) is low-toxic and most active in conduction anaesthesia, possibly due to the
presence of the fragment 2-fluorophenylmethyl phosphonate in the molecular structure.
Compound C showed positive result in conduction anaesthesia and was also low toxic
compared to the reference drugs. The molecule of this compound has a complex of
benzoyloxime and imidazolopropyl with diazabicyclononam with B-CD. The presence of
biological effect of this complex was confirmed in other studies. Thus, as a result of biological
screening Malmakova A. et al. found that the complex of O-benzoyloxime 3-(2-ethoxyethyl)-
7-cyclopropylmethyl-3,7-diazabicyclo[3.3.1.1]nonan-9-one with b-cyclodextrin shows high
analgesic activity and causes complete analgesia [39]. Also in another study by the same
scientists, the activity of complexes of benzoyloxime and diazabicyclonam with -CD was also
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with other compounds, for example, O-benzoyloxime 3-(3-ethoxypropyl)-7-[2-(piperazin-1-
yl)ethyl]-3,7-diazabicyclo[3.3.1]Jnonan-9-one in a series of experiments on models of
infiltration and conduction anaesthesia markedly exceeded the activity of reference drugs in a
number of indicators [40].

In summary, only one compound benzoyloxime 3-(3-boc)-7-(3-imidazolopropyl)-3,7-
diazabicyclo[3.3.1.1]nonane with B-CD (compound C) exceeded procaine and trimecaine in
terms of duration of anaesthesia in the conduction anaesthesia model, the other compounds
were lower than the reference drugs in all parameters.

Conclusion. Our experimental studies have shown that the studied modified
aminopropylimidazole derivatives are low toxic substances. The difference in chemical
structure did not significantly affect the degree of toxicity of the studied compounds. The least
toxic was the complex of diethyl[(3-(1H-imidazol-1-yl)  propyl-amino  (2-
fluorophenyl)methyl]phosphonate with B-CD (compound A). The study of local anaesthetic
activity on the model of infiltration anaesthesia revealed the most active compound - diethyl[(3-
(1H-imidazol-1-yl)propyl-amino)(2-fluorophenyl)methyl)methyl]phosphonate  with  B-CD
(Compound A), the parameters of which by duration of complete anaesthesia and total action
slightly exceeded procaine, and by the parameter of complete anaesthesia is close to the
corresponding parameters of trimekaine and lidocaine.

Experimental studies during conduction anaesthesia showed that the most effective was
the compound of benzoyloxime 3-(3-boc)-7-(3-imidazolopropyl)-3,7-
diazabicyclo[3.3.1]nonane with 3-CD (Compound C), which was slightly higher than procaine
in terms of complete anaesthesia and higher than procaine and trimecaine in terms of total
anaesthesia.

Thus, diethyl [(3-(1H-imidazol-1-yl)propyl-amino)(2-fluorophenyl)methyl]phosphonate
with B-CD (compound A) and benzoyloxime 3-(3-boc)-7-(3-imidazolopropyl)-3,7-
diazabicyclo[3.3.1]nonane with B-CD (Compound C) are the most promising lead compounds

for further preclinical evaluation.
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Tyiingeme

Kipicne. 3eptrey HbIcaHbl peTiHJIE op TYPil (apMaKOJOTUSIBIK OEICEHIUTIKKE He KOHE
dapmakoxumusiga KeH ayKbIMABI KOJNJaHy MYMKIHIIMT ©6ap aMHHOMPOMUIMMHIA30
TYBIHIBIIAPBI TAHIAJIIBL.

Maxkcatbl. JKyMBICTBIH MakcaThl jKaHa aMUHOIPOMWJIMMHUAA30J TYBIHIBIIAPBIHBIH
Keoip OMOJIOTHSUIBIK dcepiH 3epTTey 00iabl. by 3epTreyne 613 3epTXaHaNbIK JKaHyapiiapra
KacaJFaH IKCIEPUMEHTTE JKEIeN YBITTBUIBIK MEH >KEPriliKTi aHeCTEe3HsIHbIH OelCeHAUTITiH
3epTTEeIK.

Marepuanmap meH daicrep. KocbuibicTapJblH JK€IeN YBITTBUIBIFBIH 3€pTTey cay,
KBIHBICTBIK JKETIJIT€H, CBI3BIKTBI €MeC ThIKaHAapAa Kyprizuiai. MHQUIbTpanusuibK
aHecTe3us Ke3iHe KePriTiKTi )KaHCBI3JaHIbIpy OEJICEHIUIINH 3epTTey TeHi3 IOMKaIapbIHbIH
epkekTepine Bulbring sxone Wajda omiciH KoigaHy apKbUIbl SKYPri3uifl. OTKI3TIIITIK
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aHeCTe3Ms KE31HJIET1 KePrUTKTI aHECTE3USTHBIH OCJICEHIUTITIH SKCIIEPUMEHTTIK 3€pTTEY YIIiH
«KYHPBIKTBI TAPTHII aTy» 9JIiC1 KOJAAHBIIIbI.

Harunxenep. KocbuibicTap TOMEH YBITTBUIBIKTHI KOPCETTI, COHBIMEH KaTap OTKI3TIIITIK
XKOHE MHPUIBTPALUSUIIBIK aHECTE3HsI YITUIEPIH/E KEPTUTIKTI KaHCHI3AaHABIPY OCJICEHAUTITIH
3epTTey Ke31HJI€ HOBOKAMH KOPCETKIIITEPIHEH achIll TYCETIH OPTYPJl JOpEeXeNn OH ocepii
KOPCETTi.

KopbIThIHABI. AJIBIHFAaH HOTIDKENEpP JKaHA JKEPriuTKTI aHECTETHKTEpIl Kacay
MaKCaThIH/Ia CO3BUIMANBI YBITTBUIBIKTBI 3€PTTEY/i JKOHE OHTAMIBl eMIIK J03aJiapbl
aHBIKTay/Abl KOCa aJFaHjla, KeHEUTUITeH KJIMHUKaFa JCHIHT1 3epTTeyiep MIEeHOepiHIe OChI
KOCBUIBICTAP/IBI OIAH 9pi TEPEH 3epPTTEyre Heri3 0oa anabl.

Tyiiingi ce3gep: aMHUHONPONMMIMMHIA30J TYBIHABUIAPHI, YBITTBUIBIK, JKEPTUIIKTI
YKAHCBI3IaHIBIPFBINT OCIICEHUTIK, OTKI3TIMITIK aHeCTe3Msl, HHPILTPAIHUSIIBIK AaHECTE3HS.

MPOU3BOJHBIE 1-(3-AMHUHOITPOITUJI)-1H-UMHNIA30JIA KAK
INOTEHHHUAJIBHBIE MAJIOTOKCUYHBIE MECTHBIE AHECTETUKH

JI.M. CEPJAJIMEBA %, D.M. CATEAEBA %, M.JI. XAIUTOBA 1,
A. KAJIIBIFAEBA 2, A. MAJIMAKOBA 2, BK. 10 2, B.B. TPYBAUEB !,
M.K. BAJIABEKOBA !, I.K. KAMPAHBAEBA?, 3.0K. BATAT'OEBA 1,
T.C. HYPTOXXUH ?

! Kazaxckuit Harmonanbueiii Meaumunckuii  yrusepcuter umenu C.JI. Achenmusposa,
Anmatel, Kazaxcran
2 YIHCTUTYT XMMUYECKHX HayK uM. bektypoBa, Anmatsl, Kazaxcran

AHHOTALUA

Beenenne. B kadectBe 0O0BEeKTa HccieOBaHHUS ObLIM  BBIOpAaHBI POU3BOJHBIE
aMUHOINIPONUIMMUIA301a,  KOTOpble  IMOTEHIMAIBbHO  MOTYT  00JlajaThb  pa3IM4HON
(apMaKoIOTHYECKOM AaKTUBHOCTBIO M  HMEIOT IIUPOKUH  CHEKTp NPUMEHEHUs B
(hapMaKOXUMUHU.

Heasn. Llenpto pa®oTbl ObUIO HCCIEIOBAaHHE HEKOTOPHIX OHOJOrMYECKHX 3(PPEKTOB
HOBBIX IPOM3BOJHBIX AMHUHONPONUIMMHAA307a. B JaHHOM HcCIenoBaHUU Mbl H3ydailH
OCTPYI0 TOKCHYHOCTb M MECTHOAHECTE3MPYIOIIYI0 aKTHMBHOCTb B OJKCIIEpUMEHTE Ha
1a00PaTOPHBIX JKUBOTHBIX.

Marepunansl u MmeToabl. V3ydeHne ocTpoil TOKCHYHOCTH COEIUHEHU POBOJMWIIOCH Ha
3I0POBBIX, IIOJOBO3PEIIBIX, HEJIMHEMHBIX MblIIax. l3ydeHHWE MECTHON aHECTE3HpYIOIIEeH
AKTUBHOCTH IIPU MH(MUIBTPALIMOHHOM aHeCTe3uH MPOBOIMIIOCH MeTo10M bynbOpunra u Baiina
Ha caMIlaX MOPCKHUX CBUHOK. [[J1s1 SKCIEPUMEHTAIBHOTO N3YYEHUSI MECTHOM aHECTE3UPYIOIIECH
AKTUBHOCTH IIPU MPOBOJIHUKOBOM aHECTE3UH UCIIOIB30BAJICSI METOJ OTIEPTUBAHUS XBOCTA.

Pesyabrarsl. CoequHeHHs] TPOIAEMOHCTPUPOBAIM HHU3KYH0 TOKCHYHOCTh, a TaKXKe
MOJIOKHUTEIBHBIN APPEKT pPa3INYHON CTENEeHU BBIPAKEHHOCTH IPH HM3YYEHHMH MECTHOU
AQHECTE3UPYIOUIEH aKTUBHOCTU B MOJIENSIX TPOBOAHUKOBOW U MHPUIBTPALIMOHHONW aHECTE3UH,
IIPEBOCX OIS IT0Ka3aTeIN HOBOKANHA.

3akirouenue. [lomydeHHbIE pe3yslbTaTbl MOTYT CTaThb OCHOBOM JUIA JAIbHEHIIETO
YIIIYyOJNEHHOTO HW3YYeHHs] JTHUX COEAMHEHHH B paMKax pacIIMPEHHBIX JOKIMHHUYECKHX
WCCJIEI0BAHMM, BKIIKOYAs U3YYEHUE XPOHMYECKOU TOKCUYHOCTH M OIIPENIEIIEHNE ONITUMAIIBHBIX
TEPANeBTUUECKUX /103 C LIEJIBIO0 CO3JaHMsI HOBBIX MECTHBIX AHECTE3UPYIOIINX CPEACTB.

KiroueBbie ci10Ba: NpOM3BOJIHBIE aMUHONPOINMIMMHUIA30a, TOKCUYHOCTh, MECTHAS
aHecTe3UpPYIoIIas aKTUBHOCTh, TPOBOIHUKOBAsI aHECTE3Us, MHPUIbTPALIHOHHAS] aHECTE3HSL.
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