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Abstract. Relevance. Drug resistance, including multiple drug resistance
(MDR), simultaneous resistance of pathogens to several medicinal products, is
becoming one of the main problems of modern medicine. In this regard, the search for
and development of compounds possessing antimicrobial activity is of high relevance.
The aim of the present study is the development of a technology for obtaining a highly
effective antimicrobial/antifungal agent — adamantane carboxylate of the piperidine
series AIP-5 — and the investigation of its cytotoxicity. Materials and Methods. To
assess cytotoxicity in vitro, monolayer transplantable cell cultures — MDCK — were
used. Quantitative evaluation of the toxic effect of the tested compound was carried out
using the MTT assay. Data were recorded after 72 hours of exposure to the compound.
Based on the obtained results, CTso values were calculated. Results and Discussion.
The present study provides data on the technology for obtaining the highly effective
antimicrobial/antifungal agent AIP-5. The technological scheme for obtaining the

(c) O & 206


mailto:ulyajan_1603@mail.ru
mailto:gulgakhmet@mail.ru

Reports of the Academy of Sciences of the Republic of Kazakhstan

compound as an active pharmaceutical ingredient includes five stages. Conclusion.
A technology for obtaining the highly effective antimicrobial/antifungal agent AIP-5
has been presented. It has been shown that the technological scheme for obtaining AIP-
5 as an active substance consists of five stages. As a result of the study of its cytotoxic
effect, it was revealed that the AIP-5 compound is less toxic than the reference
substance Rimantadine.

Keywords: synthesis, piperidine, hydrochloride, production technology,
antimicrobial/antifungal activity, substance
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AnHoTamusa. O3ekrtimiri. [lopimik Te3IMIUTK, COHBIH INIHIE KOm Jopire
te3iMainik (MDR), safHM KO3IBIPFBILTApABIH OipHemle MASpiNiK mpemnaparTapra
O0ip Mesriie Te3IMILNIri Kasipri MeAWLIWHAHBIH HETi3ri MacenenepiHiH OipiHe
aitHamyna. MukpoopraHu3MaepIiH Te3IMAl TYpPAEPiHiH TYbIHAATATHIH aypylapbIHBIH
CaHBIHBIH KYPT apTybl KaHa ASPUIIK NIpenapaTTapiAbl jkacay cajachlHIAFbl aiKbIH
KHUBIHIBIKTAp asCHIHAA OPBIH alybl — €peKIle alaHAayIIbUIBIK TyFbi3anbl. OchiFaH
OaliaHbICTEI MUKpPOOTapra Kapchl ocepi 0ap KOCBUIBICTApABl 1371y KoHE a3ipiey
eTe o3eKkTi 0oJabIn Tabbutaabl. OChl )KYMBICTBIH MakKcaTbl — MHUIEPUINH KaTapbIHBIH
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agamaHTankapOokcunatel AIP-5 e atanateiH >KOFaphl THIM]TI aHTUMUKPOOTHIK/3EHIe
Kapchl MpenapaThiHbIH aly TEXHOJIOTHSICHIH 93IpJiey JKOHE OHBIH LUTOTOKCHKTUIITH
3epTTey Oonbin TaObUIagsl. Matepuangap MeH anictep. LIMTOTOKCHUKTINIKTI in vitro
XKargaplHOa Oaranay YIOiH MOHOKAaOaTTbl, ©CIpiIETIH KacyIIalblK MOIEHHET —
MDCK konpaHbiIAbl. 3epTTeleTiH NpenapaTThlH YBITTB acepiHe caHAbIK Oara Oepy
MTT-tect omicimen xyprizinmi. [lepekrep mpemaparieH ocep €TKEHHEH KeiiH 72
caraT ©TKEH COH ecemke anblHAbl. AnbiHFaH aepektep Herizinae LITKso monmepi
ecenrengi. Hotmxkenep meH Tankpuiay. byn skymbicta AIP-5 nen aranateiH KOFapbl
THIMJI aHTUMHUKPOOTHIK/3€HIe Kapchl MpenapaThiHbIH aly TEXHOJOTHSICH OOWBIHIIA
nepektep kenripinren. KocbuisicTel 6ecenai cyOcTaHIus peTiHae aiy TeXHOIOTHSUTBIK,
chI30acel 5 caThlIaH TYpajabl. 3epTTENTeH 3aTThIH LUTOTOKCUKAIBIK ocepi OOHBIHIIA
anbiaFaH HoTwxenep AIP-5 KOCBUIBICBIHBIH cajbICTBIpManbl 3aT PumaHTaauHre
KaparaH/Ja YBITTBUIBIFEI TOMEH eKeHiH kepceTti. KopbiTeiHabeuap. Xorapel Thimai
AHTUMUKPOOTHIK/3eHre Kapchl AIP-5 mpenapaThiHBIH ady TEXHOJIOTHSICHI YCHIHBIIBL.
AIP-5 KochbICBIH OesiceHAl cyOcTaHLMsl PETiHAE aly TEXHOJOTHSUIBIK ChI30achl 5
caThlaH TYpaTbiHbl KepceTuini. OHBIH ITUTOTOKCUKTIK 9CEPiH 3€pPTTEeY HOTIIKECIHIE
AIP-5 KOCBUIBICHIHBIH pedepeHTTi 3aT PUMaHTaguHTe KaparaHaa yBITTBUIBIFBl TOMEH
€KEeH1 aHbIKTaIbI.

Tyiiin ce3aep: cuHTE3, MUIEPUANH, aJaMaHTAaHKApOOKCHUIIAT, TUAPOXJIOPUA, aly
TEXHOJIOTHCHI, aHTUMHUKPOOTHIK/3€HTe KapChl acep, cyOcTaHIus
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AHHOTamus. AKTyanbHOCTh. JlekapcTBEHHas yCTOWYMBOCTb, B TOM 4HCIIE
MHOXecTBeHHasi JiekapctBeHHas (MDR), T.e. oxHOBpeMeHHas pPE3UCTEHTHOCTD
BO30yauTeNeH cpa3sy K HECKOJIBKMM JICKapCTBEHHBIM IIperapaTaM, CTaHOBUTCS
OMHOW W3 OCHOBHBIX TpoOneM coBpeMeHHOW MeaunuHbl. OcolOyio TpeBory
BBI3BIBACT TOT (aKT, YTO CTPEMHUTENIbHOE YBEJIMUYEHHE 4HCiIa 3a00JIeBaHUM,
BBI3BIBAEMBIX ~ YCTOWYMBBIMH (OpMaMM MHKPOOPTaHM3MOB, MPOUCXOIUT Ha
(oHE OYEBHIHBIX TPYAHOCTEH B CO3JAHMU HOBBIX JICKAPCTBEHHBIX IPENapaToB.
B o710l cBsA3M BechMa akTyalbHBIM SBISIETCS TOMCK M pa3paboTKa COeAMHEHUH,
oOnamamux aHTUMHKPOOHBIM 3(ddekTom. Ilenpio Hacrosmiel padOThI SBISETCS
pa3paboTka TEXHOJOTMH IOJYYEHHUS BBICOKOA()(EKTHBHOTO MPOTHBOMUKPOOHOTO/
IIPOTHUBOIPHOKOBOrO Iperapara aJaMaHTaHKapOOKcWiIaTa MNUIEPUAMHOBOIO psaa
AIP-5 m m3ydeHme ero NMUTOTOKCHMYHOCTH. Marepuansl U MeToanl. JJis oreHKu
OUTOTOKCHUYHOCTH in Vitro MCHOJB30Ba MOHOCIIOHHBIE TEPEeBHUBAEMBIC KYJIBTYPHI
kietok — MDCK. KonnuecTBeHHas OlleHKa TOKCHYECKOTO AEHCTBUS HCCIEIYyEMOTO
IpenapaTa NpoBOIMIACE ¢ UCTIOIb30BaHuEM MTT-TecTa. YueT naHHBIX IPOU3BOAVIN
rociie 72 4 Bo3AeicTBHs coennHeHus. Ha 0CHOBe MOMy4YeHHBIX JaHHBIX PACCUUTAHBI
snauenns L{TK, . Pesynbrarei u 06cyxneHune. B pamkax 1aHHON pabOTHI IPENCTABIIEHBI
JaHHbIE O TEXHOJOIMU IOJIy4YeHHs] BbICOKO3()(EeKTHBHOrO MHPOTHBOMHKPOOHOTO/
MpOTHBOTPHUOKOBOTO mpemapata AIP-5. TexHomormdeckas cxeMa TIOTyYICHHS
COCIMHECHUS B KaUeCTBE aKTUBHOM CyOCTaHIINY MIPEACTaBIeHa B 5 cTaanii. Pe3ynbTaTh
LUTOTOKCHYECKOTO NEUCTBUSA HCCIENLyEMOro BELIECTBA MOKa3aldH, YTO COEIHHEHHE
AIP-5 wmeHee TOKCHMYHee YeM pe(epeHTHOE BEIIeCTBO PHMAHTAJNH. BBIBOJBI
[IpencraBneHa TEXHOIOTHS TMOTYICHHUS BBICOKOAI(D(PEKTUBHOTO TPOTHBOMUKPOOHOTO/
npotuBorpuOkoBoro mpemapara AIP-5. [lokazaHo, 4To TexHOIOTMYeckas cxema
nonyyenus coenuHenus AIP-5 B kauecTBe akTUBHOW CyOCTaHLMU COCTaBISET 5
cTaauid. B pesynpraTe M3ydeHHUs €ro HUTOTOKCHYECKOTO JIEHCTBUS BBISBIECHO, YTO
coenuHeHNe AIP-5 MeHee TOKCHYHO YeM pedepeHTHOE BelmecTBo PumanTaauH.

KuroueBble ci10Ba: CHHTE3, TUNEPUINH, THAPOXIOPHI, TEXHOJIOTHUS TPOU3BO/ICTBA,
MPOTUBOMUKPOOHOE/IPOTUBOTPHOKOBOE ACHCTBHE, CyOCTaHIUS, IUTOTOKCHYHOCTD

Introduction. Despite the vast range of available pharmaceuticals and the chal-
lenges in developing new drugs, the relevance of research, aimed at creating effec-
tive and high-quality biologically active compounds, remains undeniable today. The
reasons driving this line of research vary: weakening of the human immune system,
rapid spread of dangerous viral infections, deteriorating environmental conditions, and
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the resistance of harmful microorganisms to the existing medications. Despite the ad-
vancement of the innovative and cutting-edge research directions in drug development,
as well as the scientific breakthroughs of the last century, the issue of infectious diseas-
es remains urgent in every country around the world. This is confirmed by the WHO
data, showing that mortality from infectious diseases ranks third globally, following
non-communicable diseases such as ischemic heart disease, stroke, and COPD (World
Health Organization, 2001; Levy, et.al., 2004; Shkurat, et.al., 2014). One of the main
reasons for the ineffectiveness of ongoing treatments is the increasing spread of drug
resistance in infectious agents, which leads to reduced therapy effectiveness or its com-
plete loss, and thus necessitates the search for new medicinal agents. As the duration
and scale of antibiotic use have increased, so has increased also the number of the
resistant strains of microorganisms (Davies, et.al., 2010). The global nature of the drug
resistance problem is underscored by the growing number of organizations worldwide,
striving to join forces in monitoring and combating the drug-resistant forms of micro-
organisms (Alekshun, et.al., 2007; Sidorenko, et.al., 2004).

The importance of chemoprophylaxis and chemotherapy as methods to combat
bacterial infections cannot be overstated, particularly in terms of timely protection
of the population during emergency epidemic situations. Therefore, the research and
development of new pharmaceutical agents, as well as the improvement of methods
for evaluating their quality to ensure maximum therapeutic efficacy and safety, remain
among the main objectives of the pharmaceutical chemistry. In this context, one of
the priority tasks of synthetic organic chemistry is the synthesis of new compounds
with the original structures that possess a combination of predictable properties. The
piperidine ring is a ubiquitous structural feature in many alkaloid natural products and
drug candidates. Watson P.S. and other researchers report that over the past decade,
thousands of piperidine-based compounds have been mentioned in clinical and preclin-
ical studies. The diversity of the functional groups and substituent structures, found in
piperidine-based targets, has led to the widely accepted view that the biological prop-
erties of piperidines strongly depend on the type and position of the substituents on the
heterocyclic ring (Weintraub, et.al., 2003; Sek, et.al., 2020).

For many years, the Laboratory of Synthetic and Natural Drug Chemistry at
A.B. Bekturov Institute of Chemical Sciences JSC has been actively engaged in the
search for highly effective and safe pharmaceutical compounds among the piperidine
derivatives. As a result of these investigations, the compounds with a broad spectrum of
pharmacological activity have been identified (Zafar, et al., 2019; Praliyev, et.al., 2005;
Maksatova, et.al., 2023; Pichkhadze, et.al., 2016; Sharipov, et.al., 2016; Sadyrbayeva,
et.al., 2017). In connection with the above, a highly effective antimicrobial agent,
AIP-5, has been identified among adamantane carboxylates of the piperidine series
as a promising candidate for the development of new anti-infective drugs. Within the
frames of this study, its cytotoxicity has been evaluated in vitro, and a technological
scheme for the production of the highly active antimicrobial agent AIP-5 as an active
pharmaceutical ingredient has been proposed (Akhmetova, et.al., 2020).

Research objective. Taking into account the relevance of the topic, the objective
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of this work is to develop a production technology for a highly effective antimicrobial/
antifungal agent AIP-5 (1-(2-ethoxyethyl)-4-adamantane-carbonyl-oxypiperidine
hydrochloride), a compound from the adamantane carboxylate piperidine series, and
to study its cytotoxic properties.

Materials and methods. Test Systems. Cell Culture

A monolayer continuous cell culture of MDCK (Madin-Darby Canine Kidney) cells
was used, obtained from the Cell Biotechnology Laboratory of the Research Institute
for Biological Safety Problems, National Center for Biotechnology, the Ministry of
Education and Science of the Republic of Kazakhstan.

Research methods. Passaging and Storage of Cell Cultures

To determine the number of viable cells, 20.0 pL of cell suspension was mixed with
20.0 uL 0f 0.4% trypan blue solution in a 1.5 mL Eppendorf tube. A 20.0 uL drop of the
mixture was placed under a cover glass on a hemocytometer. The cells were counted,
and the percentage of viable cells was calculated, using the following formula:

Viable cells = [N, x100% 2)
N

where N, — number of unstained (viable) cells in 4 large squares,
N — total number of cells in the 4 large squares.

The contents of the cryovials were transferred into a flask, containing the growth
medium. The incubation was carried out at 37°C with 5% CO,. The MDCK cell culture
was maintained with the addition of 10% fetal serum and antibiotics. The cultivation of
the monolayer cultures was carried out as follows: the nutrient medium was removed,
the monolayer was rinsed with phosphate-buffered saline or Hank’s solution, treated
with 0.25% trypsin-EDTA solution, and the cellular monolayer was detached. The
released cell suspension was carefully transferred into a sterile tube. The cells were
centrifuged at 125 xg for 10 minutes.

After centrifugation, the supernatant was removed from the tubes. Then, 1-5 mL
of the growth medium was added to the tube, containing the cell pellet. The number of
cells was counted, using a hemocytometer according to formula (3).

N
C, =—x2x10%, (3)
4
where C, — the initial concentration of the cells;
N — the total number of unstained cells in 4 large squares;
2 — the dilution factor;

10* — the conversion factor for the hemocytometer.

The cells were seated at the density of 4=104.
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Determination of the Cytotoxic Effect of the Substances In Vitro on MDCK Cell
Culture

The cytotoxicity of the tested substances was evaluated in vitro, using the MTT assay
(Mosmann, 1983). The cells were seeded into 96-well plates at the concentration of 2.5
x 105 cells per 1.0 mL. The plates were incubated in a thermostat at 37°C and 5.0%
CO,. After 24 hours of incubation, the growth medium was removed from the wells,
and 200.0 uL of the DMEM medium, containing the test substances at the specified
concentrations was added. For the negative control wells, 200.0 puL of the incomplete
DMEM medium was added. After 72 hours, the medium containing the substance was
removed from the wells, and 200.0 pL of fresh nutrient medium and 50.0 uL of the
working MTT solution were added. The plates were incubated for 4 hours at 37°C.
After the incubation period, the supernatant was removed. Then, 100.0 uL. of DMSO
was added to each well. The optical density in the wells was measured, using a Tecan
Sunrise RC.4 microplate reader (Austria) at the wavelength of 540 nm (main filter)
and 620 nm (reference filter). The results were calculated, using the formulas (3)—(5).

- the arithmetic mean of the optical density (y ) for the negative control was
calculated, using the formula (4).

Y_y+ ty 1 Zyl (4)

where — the result of measuring op on each object of the group;
- the number of objects in the group;
- the calculation of the percentage of surviving cells for each repetition of each
concentration of the substance under study was carried out according to the formula (5):

Viable cells =| Y, x100% (5)
Y

where Y, is the result of measuring OP on each object of the group;

Y o the arithmetic mean of OP (Y ) for negative control;

- the calculation of the arithmetic mean of the percentage of the surviving cells (y )
for each concentration of the substance under study was carried out, using the Formula
4

- CTC,, (concentration of substances in which 50% of cell death occurs) was
calculated for each test substance, using the formula (6):

X, =50
[ 5 ey =) [+ s, ©)
1 2

where X, — more than 50% of the surviving cells;
X, — concentration of the substance in which more than 50% of the cells survived;
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Mx , — less than 50% of the surviving cells;
Mx, — concentration of the surviving substance less than 50% of the cells.

Research results and their discussion. Determination of the cytotoxic activity of
the drug AIP-5 in vitro in the MDCK cell line

The cytotoxic effect of the AIP-5 compound and the reference substance rimantadine
has been studied. Since viruses are very sensitive to the cultivation conditions, the
monolayer cell cultures — the MDCK cells have been used for the Toxicological
Research, which have been specially adapted for the research on viral influenza models.
A quantitative assessment of the toxic effect of the studied drugs has been carried out,
using an MTT test. The data calculation has been carried out after 72 hours of the
exposure. Based on the data obtained, the values of TSTK50 have been calculated. The
results of the cytotoxic effect of the studied substance are presented in Table 1.

Table 1 — Evaluation of the cytotoxic effects of the AIP-5 in MDCK cell culture

Name of the substance under study CTC,, value, mg / mL
AIP-5 0.071
Rimantadine 0.046

CTCse values of tested substances

Gl value [maimi.)

] =] = f=] ] =)
= [ el el = F=1
et [FT = wn =5 -1

=5
=1
¥

ki

alP-5 Kimantadine

Figure 1. Diagram evaluation of cytotoxic effects of AIP-5 in MDCK cell culture

As aresult of a targeted search for new anti-infective drugs in the line of adamantan
derivatives in the piperidine line, a highly effective antimicrobial drug AIP-5
1-(2-ethoxyethyl)-4-adamantancarbonyloxyperidine hydrochloride has been found,
which is effective against all museum strains of microorganisms experimented with,
the further in-depth study of the AIP-5 compound as a substance that fights pathogens
of Staphylococcus aureus, Escherichia coli; Candida albicans, in terms of fungicidal
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activity, AIP-5 surpassed the comparison drug fluconazole by 10 times. As part of this
study, the cytotoxicity of the highly effective antimicrobial/antifungal drug AIP-5 in an
in vitro experiment has been studied, and a technological scheme for obtaining large
quantities as an active substance has been proposed (Figure 1).

1. Stage. Preparation of raw materials.

We start preparing the technological process primarily with the auxiliary work.
That is, we prepare the room, clean and wash the working table and wipe it with 95%
alcohol. The room is ventilated and all cleaning measures are carried out (cleaning of
the floor, surfaces where all dust lives). The cleanliness of the staff and service clothes
is checked. The serviceability and cleanliness of the units are checked.

The raw materials are prepared for embedding in the installation, their compliance
with the OD is checked. The auxiliary substances and materials are prepared.

2. Stage. Conduct the reaction.

N
0] Raw materials are loaded into the unit. The
reaction mixture is mixed.
u 3. Stage. Tincture.
H OoO— The reaction mixture is precipitated.
4. Stage. Product separation.
4,1. Stage. Strain the tincture.

4,2. Stage. Leaching of cottage cheese.
Cottage cheese is leached with diethyl firm.
4.3. Stage. Recrystallization.
N The product is recrystallized in isopropanol.
HCl 4.4. Stage. The product filtration.
The product is filtered from isopropanol.
H2 - CH2 -O0— CH2 - CH3 4.5. Stage. Drying the product.
N J The product is dried in a dryer unit.
AIP-5 The product quality control is carried out.
5. Stage. Hardening, winding, marking.

1-(2-Ethoxyethyl)-4- adamantanecarbonyloxy piperidine | 5 ; Stage. Washing and drying the vial.
hydrochloride [Patent of the for utility model RK 4780. [ 5> Stqge. Hardening.

— Bull. 25.] . .

Chemical Formula: C H,,NO,CI 3.3. Stage. Packaging marking.

Solubility: water, isopropanol, ethanol

Melting point: 154-157 °C

In accordance with MEST 30288-95, the substance must be placed in a glass bottle
with a screw neck that does not transmit radiation and be closed with a lid in accordance
with ES 6-09-5311-87. The containers are wrapped from the outside with radiation-
proof paper in accordance with GOST 4665-62. Sticks labeled labels on bottles.
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Figure 2. The technological scheme for the AIP-5 substance
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Conclusion: So, as part of this work, a technology has been proposed to obtain
the AIP-5 Drug (1-(2-ethoxyethyl)-4-adamantancarbonyloxyperidine hydrochloride)
of the highly effective antimicrobial/antifungal piperidine series. The technological
scheme for obtaining the AIP-5 compound as an active substance is in 5 stages: 1.
Stage. Preparation of raw materials;2. Stage. Conduct the reaction; 3. Stage. Tincture;4.
Stage. Product separation;5. Stage. Hardening, winding, marking. The results of the
cytotoxicity study of the tested substance showed that the AIP-5 compound is less
toxic than the reference substance Rimantadine. As a result of its cytotoxicity studies,
it has been found that the compound can be classified as less toxic compounds.
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