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Abstract. Introduction. Local anaesthetics work by blocking voltage-gated sodium channels, which
causes a temporary loss of sensation, a property used in many medical procedures. While novocaine,
lidocaine, and trimecaine are effective, they have drawbacks such as short duration, possible toxicity, and
tolerability problems. This study set out to create a complex of benzoylated 3-(3-butoxypropyl)-7-
cyclopropanemethyl-substituted bispidone with B-cyclodextrin (LAC-5) and to compare its local
anaesthetic effects with medicals using standard preclinical tests. LAC-5 was synthesised using Mannich
condensation, oximation, O-benzoylation, and B-cyclodextrin complexation. Its structure was confirmed
by methods such as infrared and nuclear magnetic resonance spectroscopies. Tests showed that LAC-5 has
strong local anaesthetic effects, performing better than trimecaine, lidocaine, and novocaine in both
infiltration and conduction anaesthesia models. In infiltration anaesthesia, LAC-5 achieved the maximum
measurable depth of anaesthesia (index 36.0) at a 0.25% concentration, with a duration of complete
anaesthesia of 56.66 min and a total duration of action of 76.66 min, exceeding the reference medications
by up to 5.66- and 2.6-fold, respectively (p < 0.001). In conduction anaesthesia, LAC-5 produced a total
duration of action of 160.0 + 4.7 min, surpassing reference medications. Based on the results obtained,
LAC-5 is recommended for comprehensive preclinical pharmacological evaluation, including assessment
of acute toxicity, safety profile, and mechanism of action.
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1. Introduction

Local anaesthetics are widely used in surgery, dentistry, and many other
medical procedures worldwide. Local anaesthetics work by temporarily stopping
nerve signals. They do this by blocking voltage-gated sodium channels in nerve
cell membranes. After crossing the nerve membrane, the non-ionised form of the
anaesthetic enters the axon, picks up a proton inside the cell, and then attaches to
sodium channels. This blocks sodium from entering the cell and stops action
potentials from starting or spreading. As a result, sensory signals like pain do not
reach the central nervous system, so you temporarily lose sensation [1,2]. After
cocaine was isolated in the late XIX century and synthetic options like procaine
(Novocaine), lidocaine, and bupivacaine were developed, researchers have
continued to look for new local anaesthetics that work better, act faster, last
longer, and have fewer side effects [3].
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Benzoylated 3-(3-butoxypropyl)-7-cyclopropanemethyl substituted bispidone
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Amino amides and amino esters are the two basic types of local anaesthetics.
In contrast to amino esters, which have an ester connection between the
intermediate chain and the aromatic end, amino amides contain an amide link.
Amino amides and amino esters are different in several ways. While amino
amides are broken down in the liver, amino esters are broken down in plasma by
pseudocholinesterase. While amino amides are quite stable in solution, amino
esters are unstable. Compared to amino amides, amino esters are far more prone
to trigger allergic hypersensitivity reactions (Table 1) [4].

Table 1 - Comparison of the pharmacological characteristics of representative local anaesthetics

Class Local Duration of Metabolism Stability Clinical use
anaesthetics action

Ester Novocaine Short Hydrolysed in plasma Less Limited use
group by stable in today;
pseudocholinesterases solution infiltration
anaesthesia and
diagnostic
procedures

Amide Lidocaine Intermediate : Primarily metabolised Most widely
type in the liver by used for
cytochrome P450 infiltration,
enzymes nerve block,
More epidural, spinal,
chemically and topical
stable  anaesthesia.
Bupivacaine Long Metabolised primarily Long-duration
in the liver regional
anaesthesia,
epidural
anaesthesia,
peripheral nerve
blocks, and
postoperative
pain
management

Despite the current medications being clinically effective, problems such as
cardiotoxicity, neurotoxicity, and allergic reactions continue to drive the search
for new chemical entities with improved safety profiles [5]. Since 2008, human
exposures with less severe consequences have dropped by 2.48% annually,
whereas those with more severe consequences (moderate, major, or death) have
increased by 4.44% annually since 2000. Approximately 3200 single exposures to
additional or unknown local and/or topical anaesthetics and 1410 single exposures
to lidocaine were recorded in the US in 2017. Additionally, 197 lidocaine
exposures had a minor effect, 71 had a moderate outcome, 13 had a serious event,
and one fatality was documented [6].

Azaheterocyclic systems are of considerable value in the development of
new local anaesthetics owing to their structural rigidity, favourable lipophilicity,
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and resemblance to naturally occurring alkaloids. Among these, 3,7-
diazabicyclo[3.3.1]nonan-9-one (bispidone) is readily accessible synthetically and
amenable to structural modification at both nitrogen atoms. Bispidone derivatives
have been reported to exhibit antiarrhythmic, analgesic, and antimicrobial
activities, and certain compounds of this class have been shown to interact with
voltage-gated sodium channels - the primary molecular targets of local
anaesthetics [7-13].

Adding a benzoyloxy group to bispidone can change its electronic properties
and stability. These changes are important for how local anaesthetics work.
Adding a benzoyloxy group can make the compound more lipophilic and create
an ester bond that can be broken down in the body, releasing the original oxime
[14-16].

In this study, we synthesised an oxime ether derivative of bispidone by
reacting a bicyclic ketone precursor with hydroxylamine, followed by
benzoylation. By combining the rigid bispidone structure with the O-
benzoyloxime group and changing the substituents on the nitrogen atoms, we
were able to study how these changes affect anaesthetic strength. The results help
to understand bispidone-based compounds better and support the design of better
local anaesthetics.

2. Experimental part

Chemical experimental part

Al,O3 with second-degree activity was used in TLC to monitor reaction
progress and in column chromatography for purification. IR spectra were
recorded using an FT-IR spectrometer Nicolet 5700, and NMR spectra were
recorded using a JEOL JNM-ECA 400 spectrometer using CDCl; at frequencies
of 399.78. Dry solvents and an inert gas environment were used for oxygen- or
moisture-sensitive syntheses.

Benzoylated 3-(3-butoxypropyl)-7-cyclopropanemethyl substituted bispidone
was synthesised using a method previously reported [17,18].

3-(3-Butoxypropyl)-7-cyclopropanemethyl substituted bispidone (2), pale
yellow oil; 92%. Calculated for CigH32N»O2: C 70.09; H 10.46; N 9.08. Found: C
70.16; H 10.42. IR (KBr) (vmad/ cm™): 1734 (C=0), 1114 (C-O-C). **C NMR
(CDCls, 8, ppm): 46.9 (Cy5), 58.3, 58.7 (C24,s), 215.4 (Co).

Oxime of 3-(3-butoxypropyl)-7-cyclopropanemethyl substituted bispidone
(3), pale yellow oil; 85%. Calculated for C1sH33N30.: C 66.83; H 10.28; N 12.99.
Found: C 70.01; H 10.20 IR (KBr) (vmad/ cm™): 3133 (OH), 1670 (C=N). *C
NMR (CDCls, 8, ppm): 30.7, 32.1 (Cys), 56.4, 56.3, 58.6, 58.1 (C246s), 161.2
(Co).
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Benzoylated 3-(3-butoxypropyl)-7-cyclopropanemethyl substituted bispidone
(4), pale yellow oil; 69%. Calculated for CzsH3s7N3Os: C 70.22; H 8.72; N 9.83.
Found: C 70.17; H 8.65. IR (KBr) (vmax/ cm™): 1742 (C=0), 1641 (C=N).

S-Cyclodextrin complex  of  benzoylated 3-(3-butoxypropyl)-7-
cyclopropanemethyl substituted bispidone (5), cream-colored amorphous powder.
Calculated for Ce7H107N303s: C 51.50; H 6.90; N 2.69. Found: C 51.89; H 6.83.

Biological activity study

The pB-cyclodextrin  complex of benzoylated 3-(3-butoxypropyl)-7-
cyclopropanemethyl substituted bispidone (5), designated as LAC-5, was
evaluated for its local anaesthetic activity. Data were compared with those of the
reference drugs trimecaine, lidocaine, and novocaine. Results are summarised in
Tables 2 and 3.

Infiltration anaesthetic activity

Infiltration anaesthetic activity was evaluated in male guinea pigs (200-250
2) using the Biilbring-Wade method. Following shaving of the animals’ backs, 0.2
mL of isotonic solutions of the test compound and medications were injected into
4 sites arranged in a 3-cm square.

Each concentration was tested for local anaesthetic activity 6-8 times.
Sensitivity was assessed by pressing a blunted injection needle 6 consecutive
times at intervals of 3 to 4 sec. This process was repeated every five minutes for
thirty minutes.

The anaesthesia index, which was computed as the average of 6 studies and
had a maximum possible value of 36, was used to measure the depth of
anaesthesia. The reference medications trimecaine, lidocaine, and novocaine at
comparable concentrations were used to compare the test compound's action.

Conduction anaesthetic activity

Using basic screening techniques suggested by the Guidelines for
Experimental Preclinical Studies of New Pharmacological Substances and the
Pharmacological Committee of the Republic of Kazakhstan, local anaesthetic
activity under conduction anaesthesia was assessed [19,20].

The tail-flick method was used to examine the activity of the test chemical
and the comparative medicines in rats.

The following criteria were used to compare the chemical with the reference
medications:

- Duration of complete anaesthesia induced,;

- Total duration of action.

Non-anesthetised outbred white rats of both sexes were used, with 6 animals
in each experimental and control group. One per cent aqueous solutions of the
compounds were tested.

Statistical analysis

Data are presented as mean + standard error of the mean (M+m). Statistical
analysis was performed using Student’s t-test. Differences were considered
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statistically significant at p < 0.05. Data processing was carried out using
GraphPad Prism 9.0 (GraphPad Software, USA).

Results and Discussion

The starting compound, benzoylated 3-(3-butoxypropyl)-7-
cyclopropanemethyl substituted bispidone (2), was synthesised through a one-pot
Mannich condensation of 1-(3-butoxypropyl)piperidin-4-one (1),
paraformaldehyde, and cyclopropanemethylamine in acidified acetic acid-
methanol solution, achieving a yield of 92%.
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jii= @-««8 benzene, RT, 48 h; iv=_ b-CD, water, ethanol, 50-55 °C.

The reaction of 3-(3-butoxypropyl)-7-cyclopropanemethyl substituted
bispidone (2) with hydroxylamine hydrochloride yielded the corresponding oxime
(3), which was then acylated with benzoyl chloride to obtain the O-benzoyl
derivative (4). The B-cyclodextrin complex (5) was synthesised by combining the
O-benzoyloxime (4) with an equimolar amount of B-cyclodextrin. The structures
and identities of these compounds were verified using elemental analysis, TLC,
IR spectroscopy, and NMR spectroscopy. The IR spectrum of compound 2
showed a band at 1734 cm™, corresponding to the C=0 stretching vibration of a
ketone carbonyl within the bispidone ring. A band at 1114 cm™, assigned to C-O—
C stretching, confirmed the presence of the butoxy ether group and further
supported the proposed structure. In the **C NMR spectrum, C1 and C5 signals
appeared at 46.9 ppm, which was attributed to the diazabicyclic core. In
comparison, the cluster of resonances at 58.3 and 58.7 ppm accounted for the
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methylene carbons C,, Ca, Cs, and Cs within the bispidone framework. A signal of
an aliphatic ketone carbonyl Cy appeared at 215.4 ppm, providing unambiguous
evidence for the formation of a new ketone. In the oxime IR spectrum, a broad
absorption at 3133 cm™ was characteristic of the O—H stretch belonging to the
newly introduced hydroxyl group. Meanwhile, the strong carbonyl band at 1734
cm™ that had defined compound 2 was completely absent — replaced by a new
band at 1670 cm™, right where C=N stretching would be expected. This pattern of
disappearance and emergence provided straightforward, unambiguous evidence
for oxime formation.

The *C NMR data C; and Cs resonated at 30.7 and 32.1 ppm, shifted
noticeably upfield from their positions in compound 2 - a natural consequence of
the change in electronic environment when a ketone gives way to an oxime. The
methylene carbons C,, C4, Cs, and Cs in the bicyclic ring were identified at 56.3,
56.4, 58.1, and 58.6 ppm, respectively. The clinching evidence, though, came
from the carbonyl region: the ketone signal at 215.4 ppm had disappeared without
a trace, and in its place stood a new resonance at 161.2 ppm - exactly where an
oxime carbon (C=N) is known to appear. Altogether, the spectroscopic data made
a compelling case that compound 2 had been cleanly and successfully
transformed into oxime 3.

The IR spectrum of compound 4 was fully consistent with the successful O-
benzoylation of oxime 3. The broad O-H stretching band at 3133 cm™!, clearly
seen in compound 3, was no longer present in compound 4, which indicates that
the hydroxyl group of the oxime was acylated. A new signal at 1742 cm™ was
assigned to the C=0 stretching of the aryl ester group. The C=N stretching band
shifted from 1670 cm™ in oxime (3) to 1641 cm™ in benzoylated bispidone (4).
This shift is due to the change in electron density at the C=N bond after O-
benzoylation. The fact that this band remained confirmed that the oxime group
remained intact. These spectral results support the structure of compound 4 as the
O-benzoylated oxime derivative.

According to the data presented in Table 1, compound LAC-5 demonstrated
a pronounced local anaesthetic effect, with an anaesthesia index of 35.6.

6 animals were used for each concentration test. The average response values
collected over 30 minutes were used to calculate the anaesthesia index. LAC-5
reached the highest level of anaesthesia that this method can measure, with an
anaesthesia index of 36 (Table 2).

At a 0.25% concentration, it was statistically more potent than all reference
medications, showing 1.1 times the activity of trimecaine, 1.55 times that of
lidocaine, and 1.44 times that of novocaine.
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Table 2 - Efficacy of LAC-5 and medications in infiltration anaesthesia

Compound / 0.25%

Reference Anesthesia Index Complete Anaesthesia Total Duration of Action,

Drug M=m Duration, min min

LAC-5 36.0+0 p1<0.001 56.66+1.05 p1<0.001 = 76.66=1.05 p1<0.001
03<0.001 3<0.001 ps<0.001

Trimecaine 33.6+0.33 20,0+1.7 38.3+1.05

Lidocaine 23.1+0.9 14.2+0.8 30.8+0.8

Novocaine 25.0+1.0 10.0+1.2 29.1£1.5

Note: p1, compared with trimecaine; p2, compared with lidocaine; ps, compared with novocaine.

Comparison of duration parameters, including both the duration of complete
anaesthesia and the total duration of action, showed that the compound
outperformed the reference medications in these parameters.

The duration of complete anaesthesia induced by LAC-5 was 56.66 minutes,
which was 2.83, 3.9, and 5.66 times longer than that of each medication,
respectively. The total duration of the LAC-5 effect was 76.66 minutes. In
comparison, the total anaesthesia duration for the reference medications was
shorter: 38.3 minutes for trimecaine, 30.8 minutes for lidocaine, and 29.1 minutes
for novocaine. Thus, the effect of LAC-5 was 2.0-, 2.4-, and 2.6-fold longer than
that of the comparison medications, respectively.

The results of the conduction anaesthesia study for LAC-5 are presented in
Table 3.

Table 3 - Activity of LAC-5 and medications in conduction anesthesia

Compound / Reference Drug

Duration of Action, min

LAC-5 160.0+4.7 p1 <0.02
p, <0.01
p3 <0.001

Trimecaine 56.9+12.8
Lidocaine 90.8+18.4
Novocaine 42.3+13.6

Note: p1, compared with trimecaine; p», compared with lidocaine; ps, compared with novocaine.

LAC-5 provided anaesthesia for 160 minutes, lasting 2.8, 1.8, and 3.8 times
longer than the comparison medications. LAC-5 demonstrated a pronounced
effect in infiltration anaesthesia, exceeding the performance of all reference
medications across all measured parameters. Consequently, LAC-5 s
recommended for further comprehensive pharmacological evaluation.

Conclusion

A study of LAC-5 showed that this compound has strong local anaesthetic
effects that are better than those of the commonly used medications trimecaine,
lidocaine, and novocaine. For infiltration anaesthesia, LAC-5 reached the
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maximum depth of anaesthesia (index 36.0 + 0) at a concentration of 0.25%,
outperforming all reference medications. The complete anaesthesia lasted 56.66
minutes, which is 2.83, 3.9, and 5.66 times longer than the medications,
respectively. The total duration of action was 76.66 minutes, 2.0 to 2.6 times
longer than the reference medications (p < 0.001 for all comparisons). In
conduction anaesthesia, LAC-5 provided anaesthesia for 160 minutes. All these
differences were statistically significant.

Overall, these results show that LAC-5 is a very effective local anaesthetic,
with greater strength and a much longer duration of action than those of
medications currently in use.
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Tyiiinaeme. Kipicne. XXeprijikri aHecTeTHUKTep KepHeyre Toyesai HaTpuil apHaIapbIHBIH OENCeHATIriH
KalTBIMABI TypAe Oerem, XUpyprusjaa, CTOMATOJOTHANA JXOHE MEIUIMHANBIK TOKIpHOemeri opTypii
mpolenypaiapia KakeTTi Ce3IMTaNIBIKTBIH YaKbITIIA >KOWBUIYBIH KaMTamachi3 ereni. HoBokauH,
JIUJIOKAVH JKOHE TPUMEKAaWHHIH THIMIUIINIHE KapamacTaH, OJNIapIbIH 9Cep €Ty Y3aKTBIFbI, YBITTHUIBIFBI
JKOHE KeTepe aylyra OailaHbICTBI LIEKTeyJIepl aHaFypIIbIM XKETULIIPUIreH npenapaTTapbl i34ey/1l Tanam
eremi. 3epmmeyoiy  makcamel — GeHzomwIAeHreH  3-(3-0YTOKCHIIPOIILT)-7-HKIOMPOITAHMETHIT
opbiHOacKaH OucnuAoHHBIH B-rukinogekctpunaik kemeHid (LAC-5) cunTesney »oHe OHBIH KEepPriliKTi
aQHECTe3MsUIbIK OeNCeHIUIINH CTaHAapTThl KIMHUKAFa JIEWIHIT CKPUHMHI QIICTepiH MaijaaHa OTBIPHIII,
CalbICTBIPMANIbl TpenaparTrap - TPUMEKauH, JMIOKAUH >KOHE HOBOKAaMHMEH CalbICTBIpy. Homuowcenep
oicone manxvinay. LAC-5 MaHHUX peakuuschl, okcumaey, O-OeH30mney KoHe B-IMKIOJeKCTPHHMEH
KEIIeH TY3y apKbUIbl CHHTE3IeNi; OapiblK KOCBUIBICTAP/BIH KYPBUIBIMBI HH(PAKBI3BLI KOHE SIPOJIBIK
MarHUTTIK PE3aHAHC CHEKTPOCKONHMS 3epTTey dAicTepi pactanipl. Kopeimeinosi. buonorususik Oaranay
HoTmxenepi LAC-5-TiH MHQUIBTPAIUSIBIK JKOHE OTKI3TIIITIK aHECTE3Us] MOJEINBACPIH/AE KIMHUKAJIBIK
ToKiprOeae KONaHbUIAThIH CaJIbICTBIPMAIbl MpernapaTTap - TPUMEKauH, JTHIOKAUH JKOHE HOBOKAMHHEH
JKOFAapbl aiKbIH JKEPriTIKTI aHECTE3MsUTBIK KAaCHEeTTepre HWe eKeHiH KepceTTi. WHQHIbTPaIusUIbiK
anecresus kesinge LAC-5 0.25 % KoHIeHTpanusaia aHECTE3USHBIH €H XKOFaphl JIIICHETIH TepeHirine
(unpexce 36.0 + 0) eTim, TOJBIK aHECTE3UsI Y3aKTBIFBI 56.660 MUH JKOHE JKaJIIIbl 9CEp €Ty Y3aKTHIFbI 76.66
MUH 00JI/IbI, OYJT KOPCETKILITEP CalbICTHIPMAITBI MIperapaTTap/iaH coikecinie 5.66 xoHe 2.6 ecere jeitin
skorapbl 6onasl (P < 0.001). OtkisrimTik aHecte3us xarnmaiibiHga LAC-5 jkanmsl ocep €Ty Y3aKThIFbI
CaNbICTBIPY HpernaparTtapbiHal acbin Tycin 160.0 + 4.7 MuH Kypaiasl. ANBIHFAaH HOTHIKENEp Herisinuae
LAC-5 KOCBUIBICHI KeJe YBITTBUIBIKTBI, KayilCi3[ik OCHiHIH JKoHE ocep eTy MeXaHH3MiH Oaranaybl
KaMTHTBIH KCLICH1 KJIMHUKaFa JeHiHri (papMaKoIOTHsIIBIK 3epPTTeyJIepre YChIHBUIAIBL.
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Anmamwt, Kazaxcman

3Koxwemayckuii YHUBepcumem uUMeHU 1l Yanuxanosa, Koxwemay, Kazaxcman
*Kagpeopa apmarxonozuu, Kazaxckuii nayuonansuwiii meduyumckuii  yuugepcumem umenu C.JJ.
Acghenousposa / lxkona obweil meduyumnsl, Armamet, Kazaxcman

SHayuonanvhulii yenmp sKcnepmusvl 1eKapcmeennvlx cpeocme u MeOuyuHckux uzdenutl, Acmanua,
Kaszaxcman

Pe3tome. Bgeoenue. MecCTHbIE aHECTETHKH OOpaTUMO OJIOKUPYIOT MOTEHIMAI3aBUCHMbIE HATpPHEBbIE
KaHaJIbl, BbI3bIBAsi BDEMEHHYIO ITOTEPIO UyBCTBUTEILHOCTH, HEOOXOAUMYIO B XHUPYPIUH, CTOMATOJIOTHU U
IPYTHX MEIUIMHCKHUX Ipoueaypax. HecMoTps Ha 3 (eKTHBHOCTS HOBOKAHHA, TUA0OKANHA U TPHMEKANHA,
UX OTPaHUYEHUS, CBA3aHHBIC C IIPOJODKUTEIBHOCTBIO AEHCTBHSA, TOKCHYHOCTBIO M HEPEHOCHMOCTHIO,
00yCIIOBIMBAIOT HEOOXOAMMOCTb IIOMCKAa Oosiee COBEpIICHHBIX IpenapaTtoB. [lenb uccredosanus
CHHTE3UpOBATh  P-IMKIOAEKCTPHHOBBI  KOMIUIEKC —OeH3omiupoBaHHOTO  3-(3-OyTrokcumpormi)-7-
uKIIonponanMeri  3amenienHoro Oucuona (LAC-5) # OLGHHTH €ro MECTHOAHECTE3HpYIOIIYIO
aKTHBHOCTb B CPaBHEHHMH C IpeMapaTaMH C HCIOJIb30BaHHEM CTaHIAPTHBIX METOOB TOKIMHHYECKOIO
cKpuHUHTA. Pesynvmamor u obOcyscoenue. LAC-5 Obu1 ModydeH IMOCPEACTBOM peakuun MaHHHXaA,
oxcuMHpOBaHMA, O-O0CH30MIMPOBAHHA M KOMIUIEKCOOOPa30BaHUA C P-IUKIOJEKCTPHHOM; CTPYKTYpEI
MOJIyYeHHBIX IPOM3BOAHBIX TOATBEP)KACHBI MeTomaMu HH(pakpacHOH M SAIEpHOH MAarHUTHO-
Pe30HAHCHOM cHeKTpocKonuu. 3axnroueHue. bruonorndeckas oueHka mokaszana, uto LAC-5 oGmamaer
BBIP2)KEHHBIMM MECTHOAHECTE3UPYIOIIUMU CBOHCTBAMH, IPEBOCXOIAIIMMU KIMHUYECKH MPUMEHsSEMbIe
IIperapaTsl CPaBHEHHUS - TPUMEKANH, TUI0KalH U HOBOKAKH - KaK B MOJEIAX HH(PUIBTPAIIMOHHOH, TaK U
MPOBOJHUKOBOH aHecte3uu. I[lpu wunHbMIbTpaunonHoit aHectresun LAC-5 [0CTUT MaKCHMAalIbHON
nzMepsemMoil riyouns! aHectesuu (uuupeke 36.0 + 0) npu koHuentpauuu 0.25 %, npu JUIMTETLHOCTH
nonHoi aHecre3uu 56.66 MMH U oOmIEH IPOJODKUTENLHOCTH IEHCTBUS 76.66 MuH, IpeBbIIIas
MOKa3aTeNI TPernapaToB CpPaBHEHMS COOTBETCTBEHHO 1O 5.66 m 2.6 paza (p < 0.001). B ycroBusix
npoBoaHKKOBO# aHectesnn LAC-5 obecrneunBan 0OIIyr0 MPOAOIDKUTEIbHOCTS aeiicTBus 160.0 £ 4.7
MHH, TPEBOCXOJs Ipenapartbl cpaBHeHHs. Ha ocHoBanuM mosydeHHBIX pesyiabraroB LAC-5
pEeKOMeHIyeTCsl s YrIyOn€HHOro JOKIMHHYECKOTo (hapMaKOIOTMYECKOrO HCCICIOBAHUSA, BKIIOYAs
OLICHKY OCTPO TOKCUYHOCTH, POGHIIsA 6e30IaCHOCTH M MEXaHHU3Ma IeHCTBHA.

KioueBbie cjioBa: 6€H30PIJ'II/IpOBaHHLII7I 61/ICHI/I£[0H; B'LII/IKHOIIGKCTPPIHOBLI?’I KOMIIJIEKC, OuoJIoTHYeCKast
AKTHUBHOCTb, I/IH(bI/IJ'II)TpaHI/IOHHaSI AHECTE3MA, IIPOBOAHUKOBAS aHECTE3U.
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