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SUMMARY

Piperidine derivatives are of interest to researchers considering
piperidines as an effective scaffold for the synthesis of new compounds.

This research aimed to investigate the acute toxicity and local
anesthetic activity of new synthesized 4-(Naphthalen-1-yloxy)but-2-
yn-1-yl)-containing piperidine derivatives as inclusion complexes with
B-cyclodextrin. Moreover, there was hydrogen or 3-methoxyphenyl in

position 1 of the substituent at the nitrogen atom of the piperidine
ring. The acute toxicity tests were performed on outbred laboratory
mice by subcutaneous injection of increasing concentrations of the test
solutions. The initial investigation of local anesthetic activity during
infiltration anesthesia was performed on guinea pigs using the Bulbring
& Wajda animal model. An in-depth study of the efficacy of the most
active compound was performed on a model of infiltration anesthesia
of the rabbits abdominal wall by determining the threshold of
nociception during electrical stimulation. The new studied piperidine
derivatives are low-toxic substances, which are confirmed by the results
of an acute toxicity study. At the stage of the primary study of local
anesthetic activity during infiltration anesthesia on the experimental
Bulbring and Wajda model, the LAS-251 compound showed the
greatest activity, surpassing the reference drugs in terms of anesthesia
index, duration of full anesthesia and rotal duration of action. At the
stage of in-depth study, despite a longer latency period, LAS-251 has
a local anesthetic effect longer than procaine and is slightly inferior to
lidocaine. Results of the present study are promising because complex
1-(4-(naphthalen-1-yloxy)but-2-yn-1-yl)-4-phenylpiperidine  (LAS-
251) with cyclodextrin showed high local anesthetic activity. The new
piperidine derivative is future-oriented for prospective studies of other
types of anesthesia as a potential medicinal substance for therapeutic
use in the future.
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toxicity, infiltration anesthesia

4-(Naftalen-1-iloksi)but-2-in-1-il)-Iceren Piperidin Tiirevlerinin
Deneysel Hayvan Modellerinde Lokal Anestezik Aktivitesi

0z

Piperidin tiirevleri, piperidinleri yeni bilesiklerin sentezi icin ethi-
li bir iskelet olarak giren arastirmacilarin ilgisini cekmektedir. Bu
aragtirma, yeni senteglenen 4-(Naftalen-1-iloksi)but-2-in-1-il) igeren
B-siklodekstrin ile inkliizyon kompleksleri halindeki piperidin tiirev-
lerinin akur toksisitesini ve lokal anestezik aktivitesini arastirmay:
amaglamaktadsr. Ayrica piperidin halkasinin azot atomundaki siibs-
titiientin 1. konumunda hidrojen veya 3-metoksifenil bulunmakta-
dur. Akeut toksisite testleri, artan konsantrasyonlarda test soliisyonlars-
nin deri altina wygulanmas: yoluyla fareler iizerinde gerceklestirildi.
Infiltrasyon anestezisi sirasinda lokal anestezike aktiviteye iliskin ilk
calisma, Bulbring & Wajda hayvan modeli kullanilarak kobaylar
iigerinde gereklestirildi. Elektriksel stimiilasyon sirasinda nosisepsiyon
esiginin belirlenmesiyle tavsanin karmn duvarina wygulanan infiltras-
yon anestezisi modelinde en aktif bilesigin etkinligine iliskin derinle-
mesine bir caligma gerceklestirildi. Incelenen yeni piperidin tiirevleri-
nin diigiik toksisiteli maddeler oldugu, bir akut toksisite ¢aligmasinin
sonuglariyla da dogruland. Deneysel Bulbring ve Wajda modelinde
infiltrasyon anestezisi srasinda lokal anestezik aktivitenin birincil ¢a-
lismasi asamasinda, LAS-251 bilesigi, anestezi indeksi, tam anestezi
siiresi ve toplam anestesi siiresi agisindan referans ilaglardan distin
olan en yiiksek aktiviteyi gosterdi. Derinlemesine ¢alisma asamasin-
da, daha uzun bir gecikme siiresine ragmen, LAS-251'in prokainden
daha uzun siireli ve lidokainden biraz daba diigiik bir lokal anestezik
aktiviteye sahip oldugu goriildii. Bu calsmanin sonuglars umut veri-
cidir, ciinkii 1-(4-( naftalen-1-iloksi)but-2-in-1-il)-4-fenilpiperidin
(LAS-251) ile siklodekstrin kompleksi yiiksek lokal anestezik aktivite
gosterdi. Bu yeni piperidin tiirevi, gelecekte terapitik kullanim icin
potansiyel bir ilag olarak diger anestezi tiirleriyle ilgili ileriye yonelik
caligmalar yapilmasi icin wumut vericidir.

Anabtar Kelimeler: Piperidin tiirevleri, lokal anestezik aktivite,
akut toksisite, infiltrasyon anestezisi
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INTRODUCTION

Every year, a large number of different surgical
interventions and procedures are performed all over
the world (Weiser et al., 2008). Thus, surgical biop-
sies, epidural anesthesia, dental procedures, blockage
of major nerves are widespread in clinical practice
(Becker et al., 2012). Pathological pain and pain are
caused by hypersensitivity, while it is a common con-
comitant symptom. Therefore, it is necessary to use
different methods of anesthesia (Woolf, 2010; Yu et
al,, 2019).

The methods of infiltration and conduction anes-
thesia are simple and safe to use, which allows them to
be used instead of general anesthesia. The local effect
is ensured due to the high concentration of the drug
at the injection site of local anesthetics (Raithel et al.,
2018). Local anesthesia methods can also be used
after various operations to ensure adequate anesthe-
sia in the postoperative period (Ma et al., 2017). The
mechanism of action of local anesthetics is associated
with a violation of the passage of Na* ions through
the ionophores of the membrane of neurons, thereby

interrupting neural conduction (Xie et al., 2022).

The use of local anesthetics avoids the occurrence
of various side effects inherent in other painkillers,
such as gastrointestinal bleeding, impaired blood
clotting, functional disorders of the liver or kidneys,
tolerance, dependence, and others. The use of modern
anesthetics also has the advantage of minimising the
risk of allergic reactions. However, the development
of hypersensitivity is directly related to the frequency
of drug use (Grzanka et al., 2016; Ilfeld et al., 2021;
Yin et al., 2021).

Another essential problem with the use of local
anesthetics is the development of local and systemic
toxicity (Tsai et al., 2021). The local toxicity is a signif-
icant obstacle in the development of new anesthetic
drugs. The majority of local anesthetics have neuro-
toxicity, chondrotoxicity, and myotoxicity observed

after intramuscular and intra-articular injections
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(Baker etal., 2012; Verlinde et al., 2016). Systemic tox-
icity develops rarely, but this complication is accom-
panied by agitation of the central nervous system, car-
diovascular disorders, in particular, there is possible
arrhythmia and methemoglobinemia. These side ef-
fects can be observed with frequent use of prilocaine,
articaine, and benzocaine (Wadlund, 2017; Johansson
et al., 2020). The anesthetics, which contain para-am-
inobenzoic acid contribute to the development of al-
lergic reactions, as well as symptoms of numbness and
paresthesia (McMahon et al., 2022).

When considering the issue of compliance of lo-
cal anesthetics with the essential requirements, where
rapid blockade of peripheral nerves, long-term effect,
and absence of local and systemic reactions are of
particular importance, it is worth noting the need to
develop new drugs that meet the needs of doctors in
modern clinical practice (Chahar et al., 2012; Chitil-
ian et al., 2013).

Considering the above, preclinical studies of
new drugs with local anesthetic activity are relevant
and practically important. From among the various
chemical structures, the piperidine ring is one of the
important components in the molecule of local an-
esthetics such as bupivacaine and ropivacaine. Fur-
thermore, piperidine and its derivatives have different
pharmacological properties (Vitaku et al., 2014; Mar-
tins et al., 2017).

The studies conducted indicate the possibility of
using piperidine molecules in various fields of medi-
cine. Because of the availability of synthesis and ease
of embedding into other structural frameworks of
various biogenic residues, piperidine derivatives are
of interest to researchers considering piperidines as
an effective scaffold for the synthesis of new com-
pounds (De et al., 2015).

Based on the description above, two new
4-(Naphthalen-1-yloxy)but-2-yn-1-yl)-containing
piperidine derivatives were synthesized in the lab-

oratory. Substituted naphthoxyamine derivatives
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belong to the class of biologically active molecules
with a broad spectrum of therapeutic effects (Zuffo
et al,, 2019; Kottapalle, Shinde, 2021). We have pre-
viously synthesized p-cyclodextrin (B-CD)com-
plex with 1-[1-(2,5-dimethoxyphenyl)-4-(naphtha-
lene-1-yloxy)but-2-ynyl]-4-methylpiperazine whose
structure is presented in Figure 1. New potentially
biologically active 4-phenylnaphthoxybutynylpiper-
idines were synthesized by reacting 1-(prop-2-yny-
loxy)naphthalene with 4-phenylpiperidine and alde-
hydes (benzaldehyde, formaldehyde and 3-methoxy-
benzaldehyde) in absolute dioxane in the presence of
catalytic amounts of copper (I) iodide at temperature
40 °C. The compound had a pronounced promoting
effect on the CD4*, CD8" and myeloid cells during
aseptic inflammation, even under the influence of
heavy metal salts (Yu et al., 2023).

B-CD O

Figure 1. Chemical structure of f-cyclodextrin com-
plex with 1-[1-(2,5-dimethoxyphenyl)-4-(naphtha-
lene-1-yloxy)but-2-ynyl]-4-methylpiperazine.

The molecule contains a fragment of 4-(naph-
thalen-1-yloxy)but-2-yn-1-yl), however, the pipera-
zine derivative group was decisive in increasing the
immune status in previous studies. Therefore, it was
exciting to study the type of biological action of sub-
strates “devoid” of a single nitrogen atom. The pur-
pose of present study was to perform experimental
animal models to investigate acute toxicity and local
anesthetic activity of new compounds, considering
that piperidine is an important structure of the mole-

cule of local anesthetics, like the objects of our study.

MATERIAL AND METHODS
Chemical research

The studied compounds that have been assigned
the laboratory cipher LAS-251, LAS-252 (local anes-
thetic substance) were synthesised for the first time
in the Laboratory of Chemistry of Synthetic and Nat-
ural Medicinal Compounds of Bekturov Institute of
Chemical Sciences (Almaty). Total starting reagents
used for the synthesis were purchased from Sigma-Al-
drich and required no additional purification. The
course of the reactions and the purity of the products
were monitored by the TLC analysis on “Silufol UV-
254” plates with the appearance of substances spots
with iodine vapor. The eluent for TLC was a mixture
acetone — hexane (1:2). The IR spectra were recorded
on a Nicolet 5700 spectrometer in KBr tablets. The 'H
and C NMR spectra of the samples were recorded
on a JNM-ECA 400 (Jeol) spectrometer with operat-
ing frequencies 400 (*H), 100 MHz (**C) in deuterated
chloroform (CDCL,).

Currently, various molecular inclusion complexes
with B-CDs are actively used in the pharmaceutical
industry. The inclusion of this natural cyclic oligosac-
charide makes it possible to convert liquid forms of
low molecular weight substances into amorphous and
crystalline powders. Also, such compounds become
more stable in water, are less susceptible to oxidation
in air, dehydration and evaporation. This method,
it should be noted, eliminates the odor and taste of
the original active substrate. The complexation of the
active substance with cyclodextrin can increase bio-
availability and reduce toxicity (Uekama, 2002; Bar-
seet al., 2003).

Synthesis 1-(4-(naphthalen-1-yloxy)but-2-yn-1-
yl)-4-phenylpiperidine (1)

To a reaction mixture heated to 40° C consisting
of 1.5 g (0.0082 mol) 1-(prop-2-iniloxy)naphthalene,
0.24 g (0.0082 mol) paraform, and 0.15 g (0.00078
mol) of copper iodide (I) in 20 ml of dioxane were

mixed with 1.32 g (0.0082 mol) of 4-phenylpiperidine
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in 10 ml of dioxane. 1-(4-(Naphthalen-1-yloxy)but-2-
yn-1-yl)-4-phenylpiperidine (1) was isolated by col-
umn chromatography on Al O, by elution with an ac-
etone mixture: hexane (1:3). The yield is 2.19 g (75%)
in the form of oil, R ,0.71.

Calculated, %: C 84.47; H 7.09; N 3.94 for C, H-
,.NO. Found, %: C 84.5% H 7.18; N 4.07

IR (KBr, v, cm™): 704, 805, 1319, 1419, 1583, 1681
(Ph), 2121 (C=C).

"H NMR (CDCL, §, ppm): 1.85, 1.83 (dd, 4H,
N-(CH,),); 2.08-2.12 (m, 4H, N-(CH,) (CH,) ); 2.56
(m, 1H, CH-piperidin); 3.39 (s 2H, CHZ-N); 4.97 (s,
2H, OCHZ); 6.99 (d, 1H, ArH?); 7.40 (t, 1H, ArH*);
7.50-7.53 (m, 3H, ArH>$7); 7.82 (d, 1H, ArH®); 8.29
(s, 1H, ArH®); 7.25 (t, 2H, Ph-piperidine); 7.33 (t, 2H,
Ph-piperidine); 7.38 (d, 1H, Ph-piperidine).

"C NMR (CDCl, 6, ppm): 33.49
(N-(CH,),(CH,),); 42.23 (CH-piperidine); 47.69 (N-
CH,); 53.24 (N-(CH,) ); 56.22 (O-CH.); 78.73, 80.08
(C=C); 153.57 (C'), 105.58 (C?), 125.46 (C%), 121.12
(CY), 126.16 (C), 125.71 (C%), 122.14 (C7), 121.31
(C), 127.58 (C%), 134.66 (C") (ArH); 126.98, 127.58,
128.58, 146.31 (Ph-piperidine).

Synthesis of Complex 1-(4-(naphthalen-1-yloxy)
but-2-yn-1-yl)-4-phenylpiperidine with  $-CD

(LAS-251)

Solutions of 1 g 1-(4-(naphthalene-1-iloxy)
but-2-inyl]-4-phenylpiperidine (1) in 20 ml of ethyl
alcohol and 1 g of B-cyclodextrin in 20 ml of distilled
water are mixed at a temperature of 45-50° C for 5
hours. After the end of the reaction, the aqueous eth-
anol solution is distilled and dried in a drying cabi-
net. The yield is 1.3 g (65%). The complex appeared
as a light yellow powder, melting with decomposition
above 240°C.

Calculated, %: C 53.99; H 6.42; N 0.94; O 38.64 for
C,H,.NO, . Found, %: C 53.83; H 6.51; N 1.09.

677795
Synthesis of 1-(1-(3-methoxyphenyl)-4-(naphtha-
len-1-yloxy)but-2-yn-1-yl)-4-phenylpiperidine (2)
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1-(1-(3-Methoxyphenyl)-4-(naphthalen-1-yloxy)
but-2-yn-1-yl)-4-phenylpiperidine (2) was synthe-
sized similarly from 1-(prop-2-ynyloxy)naphthalene
2.0 g (0.0109 mol), 3-methoxybenzaldehyde 1.49 g (
0.0109 mol) and 4-phenylpiperidine 1.76 g (0.0109
mol) in the presence of copper iodide (I) (0.15 g) in
dioxane at 40 °C. The product was isolated by column
chromatography on Al O, by elution with an acetone
mixture: hexane (1:3). Yield 2.19 g (44%) oil, R (0.69).

Calculated, %: C 83.26; H 6.77; N 3.03 for C,,H-
. NO,. Found, %: C 83.35; H 6.87; N 3.15.

IR (KBr, v, cm™): 705, 754, 1493, 1592, 1659 (Ph),
2125 (C=C).

'H NMR (CDCl,, §, ppm): 1.78-1.83 (m, 4H,
N-(CH,),); 2.08-2.15 (m, 4H, N-(CH,),(CH,) ); 2.55
(m, 1H, CH-piperidin); 3.80 (s, 3H, OCH,); 4.90 (s,
2H, OCH,); 4.97 (s, 1H, CH-N); 6.81 (d, 1H, ArH?);
6.94 (d, 1, Ph); 7.06(s, 1H, Ph); 7.17-7.20 (m, 2H,
Ph); 7.41 (t, 1H, ArH*); 7.47-7.50 (m, 3H, ArH*%7);
7.80(d, 1H, ArH%); 8.29 (s, 1H, ArH?®); 7.25 (t, 2H,
Ph-piperidine); 7.33 (t, 2H, Ph-piperidine); 7.37 (d,
1H, Ph-piperidine).

3CNMR (CDCL,,8,ppm):33.90(N-(CH,),(CH,),);
42.59 (CH-piperidine); 53.02 (N-(CH,),); 55.92
(OCH,); 56.22 (O-CH,); 61.60 (N-CH); 82.70, 84.11
(C=C); 153.64 (C), 105.52, (C?), 125.51 (C%), 121.28
(CY), 126.17 (C), 125.71 (C%), 122.22 (C7), 121.70
(C), 127.57 (C), 134.65 (C) (ArH); 126.98, 127.57,
128.47, 146.61 (Ph-piperidine); 113.42, 113.97,
129.16, 122.23, 139.66, 159.55 (Ph).

Synthesis of Complex 1-(1-(3-methoxy-
phenyl)-4-(naphthalen-1-yloxy)but-2-yn-1-yl)-4-

phenylpiperidine with p-CD (LAS-252)

Solutions of 1 g 1-(1-(3-methoxyphenyl)-4-(naph-
thalen-1-yloxy)but-2-yn-1-yl)-4-phenylpiperidine
(2) in 20 ml of ethyl alcohol and 1 B-cyclodextrin in
20 ml of distilled water are mixed at a temperature of
45-50 °C for 5 hours. After the end of the reaction,
the aqueous ethanol solution is distilled and dried in
a drying cabinet. The yield is 1.4 g (70%). The com-
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plex appeared as a light yellow powder, melting with
decomposition above 240 °C.

Calculated, %: C 55.67; H 6.38; N 0.88; O 37.08 for
C H,  NO,.Found, %: C 55.75; H 6.43; N 0.98.

Experimental animals and ethics approval

96 outbred laboratory male and female laboratory
mice weighing 20-25 g were used to investigate acute
toxicity. The primary study of local anesthetic activi-
ty during infiltration anesthesia was conducted on 30
mature male guinea pigs weighing 350-400 g. Mature
outbred 24 male rabbits weighing 2500-3000 g were
used in experiments to in-depth study the activity of
the compounds. The experiments were carried out
based on the Life Science laboratory of Asfendiyarov
Kazakh National Medical University (KazZNMU).
Laboratory animals were provided by the KazNMU

vivarium.

Laboratory animals were kept in specialized cag-
es with a natural 12-hour day-night light regime with
constant free access to clean water and standardized
feed. Throughout the period of observation and ex-
periments, the necessary hygienic conditions, a tem-
perature regime of 25 * 2 °C, a relative humidity of
55-60% and good air circulation were observed. Per-
manent dyes were used to label the laboratory animals

of each group.

The experiments provided for in the protocol us-
ing laboratory animals were performed in accordance
with the Order of the Minister of Health Care of the
Republic of Kazakhstan “On approval of the rules for
conducting preclinical (non-clinical) studies and re-
quirements for preclinical bases for assessing the bio-
logical effect of medical devices”. The care and main-
tenance of laboratory animals was carried out follow-
ing the Guide for the Care and Use of Laboratory An-
imals (National Research Council (US) Committee,
2011). All described manipulations and procedures
were carried out under the rules of the European
Convention for the Protection of Vertebrate Animals
and Directive 2010/63/EU. The research protocol was

approved by the Local Ethics Committee of Asfendi-
yarov Kazakh National Medical University (Decision
Number: No. 14(120) and date October 28, 2021, with
permission to extend the study - Decision Number:
No. 1(137) and date January 31, 2023).

Acute toxicity study

Acute toxicity tests were conducted following the
guidelines for preclinical studies of medicines (Miron-
ov, 2012). Experiments were performed on healthy
mature males and females of outbred laboratory mice.
Laboratory animals were randomly divided into ex-
perimental and control groups of 6 mice (3 females
and 3 males) each. The studied compounds dissolved
in sterile water for injection (Novosibkhimpharm
Company, Russia) in 3 increasing concentrations
(100-1000 mg/kg) were injected once subcutaneously
into the lateral surface of the body. Each animal in the
group had one injection of the test compound at one
concentration only. This route of administration cor-
responds to using substances as local anesthetics in
the future. After the administration of solutions, lab-
oratory animals were under constant supervision on
the first day and then for 14 days. The general condi-
tion, changes in behavioural reactions, motor activity
and metabolism, and toxic reactions from various or-
gans and systems were recorded during observation.
At the end of the experiment, the median lethal dose
- LD, was calculated for each compound, as well as

LD, and LD,,, to determine the standard error.

84>

Local anesthetic activity study

The primary study of local anesthetic activity
during infiltration anesthesia used the Bulbring and
Wajda model (Bulbring and Wajda, 1945; Kuzenba-
yeva et al., 2000). Each experimental group included
six male guinea pigs. The day before the experiment,
all animals of the studied group had their hair re-
moved in the back area. On the day of the test, 0.25
ml of 0.5% aqueous solutions were injected intrader-
mally into 4 points corresponding to the corners of a
square with a side of 3 cm. The method of administra-

tion is presented in Figure 2.
469
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Figure 2. Intradermal administration of a solution

(wheal method) on the back of a guinea pig accord-

ing to the Bulbring and Wajda models (photograph).

Injections of solutions of the compounds were
performed at the anterior and posterior points of the
square. The solutions of the reference drugs were in-
jected into the remaining parallel points. Following
injection, the area of papule formation was marked
with ink. The presence or absence of sensitivity at the
injection site was assessed every 5 min by applying an
irritation when touching the injection needle. The
touches were carried out in a series of 6 touches at
each point. An interval of 3-4 s was maintained be-
tween touches. In each series of experiments, the to-
tal number of needle touches that did not cause skin
twitching in the area of the studied square on the ani-
mal’s back for 30 min (anesthesia index), the duration
of full anesthesia (absence of any reactions during
exposure to an irritant) and the total duration of the
anesthetic effect (the time during which the response

reached the initial values) were recorded.

An in-depth study of the local anesthetic effect
of the most active compound was carried out on a
model of infiltration anesthesia of the abdominal wall
of rabbits by determining the nociception threshold
during electrical stimulation (Kuzenbayeva et al,
2000; Mironov, 2012). The experiments were per-
formed on non-anesthetized male rabbits. The num-
ber of animals in each group was six animals. Prior

to the start the experiment, the skin of the abdomen
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on the side surfaces at the level of the middle third
was freed from the fur of a rabbit fixed in a position
on its back. The electrodes of an electrostimulator
(Medistim Co, Russia) with moistened cotton swabs
(0.9% NaCl) were applied to the prepared skin areas.
First, we determined the threshold of pain sensitivity
by applying minimal irritation with electric current
pulses (duration 0.3 ms, frequency - 50Hz, amplitude
5-25V). The response to pain irritation was accom-
panied by a change in the rhythm and amplitude of
the animal’s breathing. These changes were recorded
on the OLV-VMI12 veterinary monitor (Zhengzhou
Olive Electronic Technology Co, Ltd, China). The
next stage of the experiment involved the injection
of 0.5% aqueous solutions (solvent - sterile water for
injection) of the studied substances intradermally in a
volume of 0.5 ml and subcutaneously in a volume of
2 ml at the site of electrode application. Further tests
were performed to determine the nociceptive reac-
tion in response to a series of electrical stimulations

after 3, 5, 10 min, etc. The process of the experiment

is shown in Figure 3.

Figure 3.The test for determining the nociceptive
reaction of a rabbit in the study of local anesthetic

activity during infiltration anesthesia (photograph).

At the end of the experiment, the time of anes-
thesia development, depth (in percent), and duration
were estimated. The assessment was performed by
changing the threshold of the reaction to electrical ir-
ritation at the site of infiltration with a solution of the
compound under study. Elimination of the response
to threshold irritation was recorded as 20% anesthe-
sia. An increase in stimulus threshold of 5 V was ad-

opted as 40% anaesthesia. If the sensitivity threshold
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was increased by 10V, the depth of anaesthesia was
estimated to reach 60% and by 20V the depth of an-

aesthesia was estimated to reach 100%.

The obtained indicators were compared with local
anesthetics widely used in clinical practice for infil-
tration anesthesia, characterized by varying degrees
of efficiency and duration of action: procaine (HIM-
PHARM JSC, Kazakhstan), lidocaine (BZMP JSC, Be-
larus), trimecaine (Zhaik-AS LLP, Kazakhstan).

Statistical analysis

The results of the current study are presented as
Means=SE or SD. The online software “Quest Graph™
LD, Calculator” was used to calculate the LD_, LD, ,
and LD,, indicators (AAT Bioquest, Inc., 19 Feb. 2023,
/https://www.aatbio.com/tools/1d50-calculator/). The
standard error was determined for LD, (Randhawa,
2009). All experimental groups were compared with
the control group. T-test and ANOVA were used to

determine the statistical significance of differences in

the compared groups. A value of p<0.05 was consid-
ered statistically significant. The statistical data anal-
ysis was performed using SPSS/27.0 software (IBM,
USA) for Windows.

RESULTS AND DISCUSSION

Results of the synthesis of the new piperidine

derivatives

Under the conditions of the Mannich reaction,
the interaction of 1-(prop-2-iniloxy)naphthalene
with heterocyclic amine (4-phenylpiperidine) and
aldehydes (formaldehyde and 3-methoxybenzalde-
hyde) in the presence of catalytic amounts of Cul
in an absolute dioxane medium at a temperature
of 40 °'C for 2 hours, 1-(4-(naphthalene-1-iloxy)
but-2-inyl)-4-phenylpiperidine (1) (yield, 75%) and
1-(1-(3-methoxyphenyl)-4-(naphthalene-1-iloxy)
but-2-inyl)-4-phenylpiperidine (2) (yield, 46%) were

obtainedand presented in Scheme 1.

H
N 7 R!
O = 0 Cul, 40°C 6 " \/\N
O 7 . 9 F
\/ * 1/&\ * Dioxane 5 0 Z
R H 10 1
4 2
3
1,2

IRI=H, 2R! =

_CH,4

Scheme 1. Synthesis scheme of novel 4-phenylnaphthoxybutynylamines (1, 2).

The structure of the synthesized compounds was
determined based on the analysis of IR spectra and
NMR spectroscopy data of 'H and "*C.

In the IR spectra of compounds 1, 2 there is no
absorption band in the 3309 cm region, characteris-
tic of the C-H terminal acetylene group of the initial
2-(prop-2-iniloxy)naphthalene, but there is a weak
band in the region of 2121 and 2125 cm’, character-
istic of a disubstituted C=C bond, which confirms the

formation of an aminomethylation product.

Signals of protons of the aminomethylene and

aminomethine groups were detected in the NMR 1H
4-phenylnaphtoxybutinylamines 1, 2 in the region of
3.39 ppm and 4.97 ppm in the spectra of NMR. The
chemical shift in the range 6 4.97 and 4.90 ppm is
attributed to protons of the O-methylene group. The
signals of the protons of the piperidine methylene
groups are at 1.83-2.56 ppm. The strong-field chemi-
cal shift (3.80 ppm) is attributed to the protons of the
methoxy group at the atom of the benzene cycle. In
the weak field area § 6.81-8.29 ppm, signals of protons
of the naphthalene nucleus and Ph rings are detectgii
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In the NMR C spectra of compounds 1, 2 in the
range of 47.69 ppm and 61.60 ppm, signals of carbon
atoms of the aminomethylene and aminomethine
groups were detected. Carbon atoms of the C=C triple
bond resonate at 78.73, 80.08 ppm, and 82.70, 84.11
ppm. The signal with a chemical shift of 56.22 ppm
is attributed to oxymethylene carbon. The signals of
the atomic carbons of the phenyl rings are in the weak
field (105.52-159.55 ppm) of the spectra. The carbon
atoms of the piperidine cycle resonate in the range §
33.49-53.24 ppm, and the signal of the OCH, group
(55.92 ppm) is present in the spectrum of compound
2.

Hydrophilic natural polymers such as cyclodex-
trin are used as a matrix to produce water-soluble su-
pramolecular complex systems. The most important
property of CD is the ability to selectively bind organ-

ic and biological molecules, forming inclusion com-

Rl
Cycl trin
O \/\ U\@ yclodextri
1,2
I, LAS251) R =H, 2, (LAS-252)R! —Q
_CH,

OH
H HO
OH R!
(0)
water-ethanol, O O /\ N 0
45-50°c  HO O O
H

plexes of the “guest-host” type to obtain water-soluble
forms. The complexes are formed by the interaction of
ethanol solutions of 4-phenylnaphtoxybutinylamines
(1,2) with an aqueous solution of B-cyclodextrin taken
in a mass ratio of 1:1, at a reaction temperature of 45-
50 ‘C and conducting the reaction for 5 hours. After
the end of the reaction, the aqueous ethanol solution
is distilled. The resulting complexes are washed with
96% ethanol and dried in a drying cabinet. As a result,
1 and 2 inclusion complexes (LAS-251 and LAS-252)
were obtained with yields of 65 and 70%, respectively
(Scheme 2.). The progress of the reactions was mon-
itored using thin-layer chromatography on silica gel
until the disappearance of the starting products (R,
0.71 and R,0.69) in an aqueous-alcohol solution. The
products were collected after the slow evaporation of
the solution by forming powder products. The com-

plexes were identified through elemental analysis.

OH

OH

OH
OH
OH OH O
OOH
HO LAS-251, LAS-252
H

Scheme 2. Synthesis of B-cyclodextrin complex with 1-(4-(naphthalen-1-yloxy)but-2-yn-1-yl)-4-phenylpiper-

idine (LAS-251) and B-cyclodextrin complex with 1-(1-(3-methoxyphenyl)-4-(naphthalen-1-yloxy)but-2-yn-
1-yl)-4-phenylpiperidine (LAS-252)

Acute toxicity assessment

Solutions of the studied compounds were admin-
istered to laboratory mice in 3 increasing concentra-

tions following body weight, in a total volume of no
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more than 1 ml. As a result of observations with the
administration of toxic doses, the clinical signs of in-
toxication of both compounds were similar. They dif-
fered in the rate of increase in symptoms of intoxica-

tion with an increase in dose.
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After subcutaneous administration of high doses
(500-700 mg/kg) of LAS-251 in the first 15 min, fad-
ing, muscle tremor with increased muscle tone, and
increased breathing were observed in animals. The
motor and research activity decreased in the follow-
ing first hours of observation. Behavioural responses
did not change, while responses to sound stimuli were
preserved. From the second day onwards, symptoms
of intoxication increased in several animals. Distur-
bances of motor activity with further developing ady-
namia and rapid breathing, lack of interest in food
and water were revealed in laboratory animals. The
animals took a lateral position, after which the death
of laboratory animals in experimental groups was

noted 2-3 days after administration.

The LAS-252 showed a variable range of symp-
toms in its poisoning pattern. The first signs of intox-

ication appeared in 2-4 min at a dose of 700 mg/kg.

Almost all animals had decreased motor and explor-
atory activity and a lack of response to sound stimuli.
One animal suffered from seizures, followed by ataxia
and subsequent death. The mortality of other animals
in the group was recorded after 1-2 days. When the
dosage was increased to 1000 mg/kg, this compound
showed pronounced neurotoxicity, which was man-
ifested by tonic-clinical seizures with a frequency of
30-40 s. The death of more than half of the mice in the
experimental group occurred already in the first 1.5-2

hours of observation.

When studying the acute toxicity of new piperi-
dine derivatives, the median lethal doses were deter-
mined. The tested compounds turned out to be less
toxic than procaine, lidocaine, and trimecaine by sub-
cutaneous administration. Considering the chemical
structure, the LD, values of LAS-251 and LAS-252
differed slightly (Table 1.).

Table 1.Values of LD, piperidine derivatives in the study of acute toxicity.

Compound, LD LD, mg/kg LD
reference drug 6 0 o
LAS-251 245.6 531.5+156.3 792.57
LAS-252 352.2 508.5+101.9* 709.2
1. Lidocaine 230+35.7
2. Procaine 480+£1.0
3. Trimecaine 375+3.1

Data were reported as means+SE (n=6). *P<0.05 compared to lidocaine (t-test). The differences in the indicators are

statistically significant (p<0.05).

The LD, of these compounds significantly ex-
ceeded those of lidocaine and trimecaine and were
approximately comparable to procaine. However, the
difference was statistically significant only in LAS-252
compared to lidocaine (p < 0.05).

Assessment of local anesthetic activity

The results of the primary study of local anesthetic
activity during infiltration anesthesia (Bulbring and

Wajda model) are presented in Figure 4.
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LAS-251 LAS-252 Procaine Lidocaine Trimecaine

Compound/
Reference drug

B full anesthesia

50 [ B total duration

Duration of anesthesia, min

LAS-251 LAS-252 Procaine Lidocaine Trimecaine

Compound/
Reference drug

Figure 4. Indicators of the local anesthetic activity (0.5% aqueous solutions). Data are reported as means+SD
(n=6), (ANOVA): A - Anesthesia index (max-36). *P<0.001 compared to procaine and lidocaine. B - Dura-
tion of anesthesia. **P<0.001 compared to all reference drugs, ***P<0.001 compared to procaine and lido-

caine,”’P<0.05 compared to trimecaine.
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Of the two compounds studied, the piperidine
derivative LAS-251 turned out to be the most active.
A comparison of the indicators of local anesthetic
activity of LAS-251 and reference drugs revealed sta-
tistically significant differences. The anesthesia index
has reached its maximum value, which indicates the
presence of pronounced local anesthetic activity su-
perior to reference drugs, especially in comparison
to procaine and lidocaine. According to the duration
of full anesthesia, the studied compound was statisti-
cally significantly superior to the reference drugs, in
particular: procaine - 2.7 times, lidocaine - 1.7 times,
and trimecaine - 1.6 times. The total duration of anes-
thesia with the administration of LAS-251 lasted 64.2
min, which is 2 times longer than with procaine and

lidocaine. The tested compound was superior to the

most active local anesthetic by 14.2 min.

LAS-252 had advantages over procaine in all pa-
rameters determined in the experiment, and in terms
of the index and duration of complete anesthesia, it
practically corresponded to those of lidocaine. The
total duration of the local anesthetic effect of LAS-252
was higher than that of procaine. However, the differ-
ences identified with the comparison drugs were not

statistically significant (p>0.05).

Considering the initial experimental results, an
in-depth study of local anaesthetic activity was car-
ried out for compound LAS-251. In the conducted ex-
periments, the rate of anesthesia onset, the duration
of full anesthesia and the total duration of effect were
determined (Table 2.).

Table 2. The local anesthetic activity of LAS-251 during the infiltration anesthesia of the abdominal wall in

a rabbit (0.5% aqueous solutions).

Compound/ Anesthesia onset rate, min Duration of full anesthesia, Total duration of anesthesia,
Reference drug min min
LAS-251 9.7+2.0* 0 40.34+2.5%%
Procaine 3.0+0 0 23.8+1.5
Lidocaine 3.0+0 47.5+1.1
Trimecaine 3.0£0 5.0£0 86.6%2.1

Data reported as means+SE (n=6).*P<0.05 compared to all reference drugs, **P<0.001 compared to procaine and

trimecaine, “P<0.05 compared to lidocaine (t-test). The differences in the indicators are statistically significant

(P<0.05).

The local anesthetic effect of LAS-251 developed
much slower, and the latency period was more than 3
times higher than the corresponding values of the ref-
erence drugs. Full anesthesia was not achieved, which
was also typical for procaine and lidocaine. The ex-
periments found that LAS-251 was significantly infe-
rior to trimecaine and to a small extent to lidocaine in
terms of total duration of infiltration anaesthesia, but
exceeded this indicator of procaine by 16.5 min. Thus,
the study confirmed the presence of local anesthetic
activity with the achievement of anesthesia depth in
laboratory animals by an average of 26.7%, with some

advantage compared to procaine.

Currently, the piperidine cycle is quite a sought-at-
ter framework in pharmaceutics for developing new
drugs. The chemical structure of piperidine can be
found in more than twenty pharmacological groups
and alkaloids (Frolov et al., 2023). A review of sci-
entific research showed that several thousand differ-
ent piperidine derivatives have been reported from
preclinical and clinical studies over the last decade
(Kallstrom et al., 2008). There are not many studies
on searching for compounds with local anesthetic ac-
tivity among them, even though the piperidine ring
is one of the components of the chemical structure of
local anesthetics (Martins et al., 2017).
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The results of our study revealed local anesthetic
activity of previously unstudied new piperidine de-
rivatives during infiltration anesthesia, expressed to
varying degrees. The primary toxicity study demon-
strated the safety of the substances in a further series
of experiments to determine their efficiency, which
also compares favorably with other studies. Another
distinctive feature is the use of an in-depth research
model, the conditions of which are as close as possible
to clinical practice, which made it possible to obtain
more reliable and expanded results. The local anes-
thetic indices presented in this article demonstrate
the presence of local anesthetic activity of the piper-
idine derivative LAS-251, which correlates with the
data of world studies. The lower activity of LAS-252
is probably due to the presence of a methoxyphenyl
fragment, which affected solubility and, consequently,
efficiency. The presence of a free hydrogen atom in the
molecule LAS-251 apparently improved the solubility
and increased its efficiency.

Earlier studies revealed local anesthetic activity
of several new phenylpiperidine derivatives exceed-
ing procaine, but the substances caused necrotic
changes and exhibited higher toxicity in the cocaine
range (Fellows et al., 1944). The findings of this re-
view confirm the results of previous studies of dif-
ferent series of substances from the group of piper-
idines with local anesthetic activity in various types
of anesthesia (Khaiitova et al., 2022). As in our study,
the experimental drug kazcaine [1-(2-ethoxyeth-
yl)-4-ethynyl-benzoyloxypiperidine hydrochloride],
has high activity in infiltration anesthesia even in
0.1% solution (Kemelbekov U et al., 2010). In con-
trast to kazcaine, LAS-251 was effective in 0.5% and
inferior in activity to lidocaine and trimecaine in a

series of in-depth tests.

Another similar study [4-(benzoyloxy)-3-butoxy-
piperidinium chloride] also showed marked activity
not only for infiltration but also for conduction anes-
thesia with the effect enhanced by combination with
epinephrine (Pichkhadze et al., 2016). The study of
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potentiation of the efficacy of the compounds of the
present research in interaction with vasoconstrictors
is of interest in further tests. The activity of piperi-
dine derivatives is also interesting in terminal anes-
thesia. In one study, the S-isomer of 2-{2-[N-(2-in-
danyl)-N-phenylamino]ethyl} piperdine was shown
to be effective in local anesthetic action when applied
to the surface of skin and mucous membranes (Gun-
nar et al., 2010).

The emergence of a new class of safer, highly ac-
tive opioid analgesics and anesthetics is associated
with the creation of several compounds containing
4-phenylpiperidine, found in morphine, in their
structure (Kudzma et al., 1989). Verification of the an-
algesic activity of the compounds studied in this arti-
cle may be a target for future studies. Considering that
analgesic effects are also present in other piperidines
with proven efficacy, such as promedol and fentanyl
(Vasilyuk et al., 2021).

A comprehensive analysis of the results present-
ed in this article allows us to conclude that the new
piperidine derivative LAS-251 should be considered
as a potential drug substance for the development
of new highly effective drugs based on it. Preclinical
studies of efficacy in other types of anesthesia, other
pharmacological effects may become the subject of

future studies.
CONCLUSION

In conclusion, it should be noted that the new
4-(Naphthalen-1-yloxy)but-2-yn-1-yl)-containing
piperidine derivatives synthesized quite simply under
the conditions of the Mannich reaction by the interac-
tion of 1-(prop-2-ynyloxy) naphthalene with 4-phen-
ylpiperidine and aromatic aldehydes in the presence
of Cul are low-toxic substances, which are confirmed
by the results of an acute toxicity tests. LAS-251 com-
pound showed the greatest activity in the initial study
of local anaesthetic activity during infiltration anaes-
thesia in the Bulbring and Wajda experimental model,
surpassing the reference drugs in terms of anesthesia

index, duration of full anesthesia and total duration
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of action. The stage of in-depth study showed that,
despite a longer latency period, LAS-251 has a local
anesthetic effect longer than procaine and is slightly
inferior to lidocaine. The results of the research sug-
gest that the novel piperidine derivative LAS-251 is
promising for further study in other types of anesthe-
sia as a potential medicinal substance for therapeutic

applications in the future.
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