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ABSTRACT

The aim of the study was to assess the probability of developing withdrawal syndrome caused by discontinuation
of 5-day administration of thiowurtzine with naloxone challenge test in the experiment.

Materials and methods. The test sample of the analgesic “Thiowurtzine, capsule 120 mg” served as the study object.
The active pharmaceutical ingredient is an organic, low molecular weight compound 4-(3,4-dibromothiophene
carbonyl)-2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazatetracyclo [5,5,0,03!!,0>"]dodecane that was first synthesized
according to computer modeling results at the IPCET SB RAS (Biysk).

The likelihood of developing physical dependence was explored by per os administration of thiowurtzine and the
reference drug tramadol twice a day for 5 days as follows: 1) at 9 a.m. — thiowurtzine 50 mg / kg and tramadol
10 mg / kg, at 3 p.m. — thiowurtzine 50 mg / kg and tramadol 10 mg / kg; 2) at 9 a.m. — thiowurtzine 50 mg/ kg
and tramadol 10 mg / kg, at 3 p.m. — thiowurtzine 75 mg / kg and tramadol 15 mg / kg; 3) at 9 a.m. — thiowurtzine
75 mg / kg and tramadol 15 mg / kg, at 3 p.m. — thiowurtzine 75 mg / kg and tramadol 15 mg / kg; 4) at 9 a.m. —
thiowurtzine 100 mg / kg and tramadol 20 mg / kg, at 3 p.m. — thiowurtzine 100 mg / kg and tramadol 20 mg / kg;
5) at 9 a.m. — thiowurtzine 100 mg / kg and tramadol 20 mg / kg, at 3 p.m. — naloxone 10 mg / kg subcutaneously.

In all the groups, the intensity of the withdrawal syndrome was studied by specific features in outbred male CD1
mice. During one hour following the naloxone injection, health of mice was assessed according to dominant absti-
nence components and recessive traits of mild withdrawal syndrome. Two hours after the naloxone injection, the
number of mice with negative body weight gain was determined. 24 hours after discontinuation of test compound
administration, the open-field test was used to determine the impact on animal behavioral patterns (horizontal and
vertical motor and exploratory activity, emotionality and its vegetative manifestations). The hot plate test was car-
ried out to measure the analgesic activity (55%). The criterion of the withdrawal syndrome severity was a decrease
in the number of jumping reactions, changes in the general condition of the animals, stimulation of motor activity,
manifestations of hyperalgesia, and a decrease in body weight.

Results. No dominant abstinence components and recessive signs of withdrawal syndrome were detected in
animals from the thiowurtzine groups. The data obtained in the study (orientation and exploratory behavior, motor
activity, emotionality and its vegetative manifestations, grooming, etc.) allow to conclude that thiowurtzine causes
no physical dependence in animals after discontinuation of its 5-day administration with naloxone challenge test,
as opposed to the reference drug naloxone. A positive disinhibition effect of this analgesic was revealed due to
the activated orientation and exploratory behavior (stress caused by the new environment) in the conditions of the
open-field test. The animals showed no manifestations of hyperalgesia in the hot plate test. The animals treated with
thiowurtzine did not demonstrate any changes in the body weight.

Conclusion. The obtained results prove that thiowurtzine is a non-narcotic analgesic. It evokes no side effects
typical of opioid analgesics (tramadol), including development of physical dependence and withdrawal syndrome
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following naloxone challenge test. Previous in vivo and in silico studies (docking, molecular modeling, molecular
dynamics simulation) on the multi-target mechanism of thiowurtzine explain the absence of its morphine-like effect
by the fact that the major targets of the analgesic are TRPA1 receptors and voltage-gated Ca>* channels. With a high
degree of probability, the conclusions made herein predict no drug abuse development when thiowurtzine is used
in the clinical setting. Absence of ulcerotoxicity found earlier will enable to administer thiowurtzine in long-term
cycles for chronic pain syndrome.

Keywords: hexaazaisowurtzitane, thiowurtzine, analgesic activity, withdrawal syndrome, physical dependence,
naloxone, tramadol
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Puck pa3BnUTNA HEKapCTBeHHOﬁ 3aBUCMMOCTUN NPy NpMeHeHnun
HOBOIo aHaJibreTvnka Ha oCHoBe NMpon3BoAHOIo reKkCaasamMsosrpLnTaHa
(BKCI'IeleIMEHTaHbHOE wccnenoaal-wle)

KpbinosaC.l'.', MoBetbeBa T.H.', JlonatuHa K.A.', Hecteposa [0.B.’, 3yeBa E.I.},
AdanacbeBa O.I'.", Kucenesa E.A.", KynbnuH N.B.", Cycnos H..', Kynaruna [1.A.?%,
CbiconatuH C.B.2, XXgaHos B.B.!

! Hayuno-uccredosamenvekuil uncmumym gapmaxonozuu u pezenepamuenoi meouyunvl(HUHDuPM)

umenu E.J[. T'onvobepea, Tomckull HayuoHanbHulil ucciedogamenvbekull meouyurckui yewmp (HUML]) Poccuiickou
axademuu nayx um. E.JI. l'onvobepea

Poccus, Poccus, 634028, 2. Tomck, np. Jlenuna, 3

2 Unemumym npobaem xumuxo-snepeemuyeckux mexunonoeuii Cubupckozo omoenenus Poccuiickou akademuu nayx
(HUIIXOT CO PAH)
Poccus, 659322, Anmauickuti kpau, 2. butick, yn. Coyuanucmuueckas, 1

PE3IOME

I.Iem;m JAQHHOTI'O UCCIICAOBAHUA ABUIIOCH U3YUCHUEC BEPOSITHOCTH Pa3BUTHUA CUHAPOMA OTMEHBI, BbI3BIBAEMOTI'O IIpE-
KpalleHueEM 5-CyT0‘IHOF0 BBCACHHA THOBIOPIHHA I10 CXEME C HpOBOKaHI/Ieﬁ HAJIOKCOHOM B 3KCIICPUMCHTEC.

Matepuajbl 1 Metoabl. OOBEKT MCCIIEIOBaHUS 3KCIICPHUMEHTANIbHBIII 00pasen aHanbreruka «THOBIOPLHH,
karncyna 120 mr». AxTuBHas (apMmaneBTHUECKas CyOCTaHIMS MPEICTaBIsIeT COOOH OpraHMYecKoe HHU3KOMOJIe-
KyJsipHOe coenuHenue 4-(3,4-mubpomruodenkapoonmn)-2,6,8,12-rerpaanetni-2,4,6,8,10,1 2rexkcaazaTeTpaiukio
[5,5,0,0°!",0°°]noiekaH, CHHTE3UPOBAHHOE BIIEPBBIE IO PE3yJILTATaM KOMITBIOTEPHOro MojenupoBanus B UIIXOT
CO PAH (r. buiick).

Bo3MoXHOCTD pa3BUTHs (PU3NIECKOH 3aBUCUMOCTH UCCIIEA0BANIN IIPU BBEICHUH THOBIOPIMHA U pedepeHc-Tperna-
pata Tpamaoa per os 2 pa3a/CyT B TedeHHe 5 ¢yT 1o cxeme: 1) B 9 4 — tnoBtopimH 50 Mr/kr 1 Tpamagoi 10 Mr/kr,
B 15 4 — tuoBtopuuH 50 Mr/kr u Tpamamon 10 MI/Kr COOTBETCTBEHHO; 2) B 9 u — THOBIOpIMH S50 MI/KT U Tpama-
non 10 mr/kr, B 15 4 — THOBIOpIMH 75 MI/KT ¥ Tpamanoin 15 Mr/kr; 3) B 9 4 — THOBIOPLHH 75 MI/KT U TpaMaao
15 mr/kr, B 15 — THOBIOpUKH 75 MI/KT ¥ TpaManoin 15 mr/kr, 4) B 9 u — trnoBropuus 100 Mr/kr u Tpamanon 20 Mr/kr,
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B 15 u — ToBropuuH 100 mr/kr u Tpamagon 20 mr/kr; 5) B 9 u — troBropunt 100 mr/kr u Tpamanoa 20 Mr/kr,
B 15 4 — HamokcoH B 03¢ 10 MI/KTI TOAKOXKHO.

Bo Bcex rpymmax MHTEHCHBHOCTh CHHIPOMAa OTMEHBI M3YYalH MO CHECHU(PHYCCKHM MPU3HAKAM Y ayTOPETHBIX
Mblmei-camuoB crok CD1. Ha npoTspkenuu 1-ro 4 nociie BBEACHUSI HAJIOKCOHA PETUCTPUPOBAIA OCHOBHBIE KOM-
MMOHCHTHI A0CTUHEHINH U PELICCCUBHBIC MPU3HAKH JICTKOTO TCUCHHS CHHIPOMa OTMEHBI. Yepes 2 4 mocie HHbEK-
LMY HAJIOKCOHA OIPEesIsUIN YHCIIO MBIIIEH C OTpULATEeNIbHBIM ITPUBECOM Macchl Tena. Uepes 24 4 rnociie 0OTMEHbI
TECTHPYEMBIX BEIIECTB UCCICIOBAIN CTCTIICHb BO3JCHCTBUS HA CTPYKTYpPY HOBEICHHS KUBOTHBIX (TOPH30HTANb-
HO-BEPTUKAJIbHYIO JBUTATEJIHYIO U UCCIIE0BATEIBCKYI0 AKTUBHOCTH, SMOLIMOHAJILHOCTD U €€ BEreTaTUBHBIE IPO-
SIBIICHHS1) B TECTE «OTKPBITOE IOJIE», HAINYUE aHAIBIETHYECKOTO JelcTBHs B TecTe «['opsuas miactiuaay (55°).
Kpurepuem BbIpa’)k€HHOCTH CHHAPOMA OTMEHBI CUMTAIM YMEHbIICHHE YKCIIa MPBDKKOBBIX PEaKIUil, N3MEHEHHE
00IIEro COCTOSIHUSI KUBOTHBIX, CTUMYJIMPOBAHKE JIBUTATCIBHOW aKTHBHOCTH, TPOSBICHUE TUNICPAILIC3UH, CHH-
JKEHHE MAcChl TeJla Y MBILICH.

Pe3yabTarhl. «/JOMHHAHTHBIX)» KOMIIOHEHTOB A0CTHHEHIIMH M PEIECCHBHBIX MPU3HAKOB CHHAPOMAa OTMEHBI Y
KHUBOTHBIX M3 TPy BBEACHHS THOBIOPIMHA He 3apUKCHpoBaHO. COBOKYITHOCTh MOTYyUCHHBIX JAHHBIX (OpHEH-
THPOBOYHO-HMCCIIEIOBATENBCKOE TOBECHNUE, BUTATEIbHAS AKTHUBHOCTD, YMOIIMOHATBHOCTD 1I0 €€ BEreTaTHBHBIM
MIPOSIBIICHUSM, TPYMHUHT ¥ T.J.) TIO3BOJISIET 3aKIIOYNTH, YTO THOBIOPIMH IOCIE OTMEHBI 5-CyTOYHOTO BBEICHHS
M0 CXeMe C MPOBOKAIMell HAJIOKCOHOM HE BBI3BIBACT Pa3BUTHS (PU3MUECKON 3aBHCHMOCTH B OTIHUHE OT pede-
peHc-TperapaTa Tpamajoya. BBIIBICHO MO3UTUBHOE PAaCTOPMA’KMBAIOIIEE ACHCTBHE aHAIBIETHKA 3a CUET aK-
THUBAIMA OPHEHTHPOBOYHO-MCCIIE0BATENBCKOTO KOMIIOHEHTA MOBEICHUS (CTpEcC HOBH3HBI) B YCIOBHSX TECTa
«OTKpBITOE 1oJIe». OTCYTCTBOBAIO MPOSIBICHNE THIEPATBIe3UH Y JKUBOTHBIX B TECTE «TOpsIast IIacTHHay. M3me-
HEHUS MacCHl TeJa )KUBOTHBIX, TTOYYaBIINX THOBIOPIIMH, HE HAOIIOJaI0Ch.

3akurouyenue. [IpencraBicHHbIE Pe3yIbTaThl CBUICTEIBCTBYIOT O TOM, YTO THOBIOPLIMH HE SIBJIACTCS. HAPKOTHYE-
CKUM aHajbreTukoM. OH He NposiBisSeT MOO0YHBIX 3((EKTOB, TUIIHYHBIX A1 00e300IMBAIOLINX CPEACTB C ONHU-
OUJIHBIM KOMITIOHEHTOM MEXaHU3Ma JASHCTBUA (TPamajiod), MPEekK/e BCero pa3BUTHs (HU3NUECKOIl 3aBUCUMOCTH U
(bopMupoBaHHs CHHIPOMA OTMEHBI. B NMOATBEepIeHHE BBILIECKa3aHHOTO NPOBEACHHbBIC PaHee UCCIIEIOBAHUS in
vivo W in silico (ZOKUHT, MOJIEKYJIIPHOE MOJEIUPOBAHKUE, MOJCINPOBAHIE MOJICKYJIIPHON JTMHAMHUKH) MYJIbTH-
TapreTHOro MEXaHU3Ma JICHCTBHS THOBIOPLIMHA OOBSCHAIOT OTCYTCTBHE €ro MOP(GHHONOA00HOIO ACHCTBHUS TEM,
9TO OCHOBHBIMH MHILICHSMH aHaigbretuka siBisitorcs TRPAI-perentopsl u noreHuuan-3asucumbie Ca* HoHHbIE
KaHaubl. [Iony4eHHbIe BBIBOBI MO3BOJISIOT C BHICOKOH CTENEHBIO BEPOATHOCTH NMPOrHO3UPOBATH OTCYTCTBHUE JIe-
KapCTBEHHON 3aBHCHMOCTH NPU KIMHUYECKOM IPUMEHEHHH THOBIOPLMHA, & BBIBICHHOE paHee OTCYTCTBHE Ia-
CTPOTOKCHYHOCTH IIPEJIIIOJIaraeT BO3MOXKHOCTh HCIIOJIb30BAHUS aHAIBTETHKA MPOAOKUTEILHBIMU KypCaMH IpH
XPOHHYECKOM 00JIEBOM CHHIPOME.

KiroueBbie ciioBa: TeKCaa3an30BIOPIUTAH, THOBIOPIIUH, aHAJIBI'€TUYCCKAsA aKTUBHOCTh, CUHAPOM OTMCHBI, (1)1/131/[-
YeCKas 3aBUCUMOCTD, HAJIOKCOH, TpaMaa0J1

Kondaukr nHTEepecoB. ABTOPHI JACKIAPUPYIOT OTCYTCTBUE SIBHBIX W IOTEHIMAIbHBIX MHTEPECOB, CBSI3aHHBIX
¢ MyOJIHMKalUel HACTOSICH CTAThH.

Hcrounux ¢uuaHcupoBaHusi. PaGoTa BBIONHEHa B paMKax peanu3aluu [ 0oCyIapCTBEHHOTO KOHTpAKTa
Ne 14.N08.11.0179 (mpukiaHbIe HAYYHBIC NCCIEIOBAHHS H DKCIIEPUMEHTANIBHBIE Pa3pabOTKHU I TOCY IapCTBEH-
HBIX HYX]).

CooTBercTBHe NpUHUIUNAM 3THKH. ColepKaHUe KUBOTHBIX M TU3aiH AKCIIEPUMEHTOB OBLIM 0J00pEeHBI OMo-
stndeckuM KkomuteroM HUM®uPM um. E.JI. 'ompadepra (mporokon JACUC Ne 96092015 ot 16.09.2015) u co-
otserctBoBain Jupektuse 2010/63/EU EBponeiickoro nmapiaamenta 1 CoBera EBporeiickoro coro3sa mo oxpaHe
KUBOTHBIX, HCIIOJIb3yEMBIX B HAYUHBIX LessiX; mpukazy M3 PD Ne 1991 ot 01.09.2016.

Jns uutupoBanus: Kpeosa C.I'., [ToetseBa T.H., Jlonatuna K.A., Hecreposa 10.B., 3yesa E.I1., Adanacbe-
Ba O.I'., Kucenesa E.A., Kynemun I1.B., CycnoB H.U., Kynaruna J[.A., Ceicomstun C.B., XXnanos B.B. Puck
Pa3BUTHS JTEKAPCTBEHHON 3aBHCHMOCTH NIPH MPHUMEHEHHN HOBOTO aHAIBTETHKA Ha OCHOBE MPOHM3BOIHOTO TeKca-
a3anM30BIOpIMTaHA (IKCIIEPUMEHTANBHOE HCCIenoBanue). brontemens cubupckou meouyunsl. 2022;21(1):54-62.
https://doi.org/10.20538/1682-0363-2022-1-54-62.

INTRODUCTION requires the use of painkillers. According to experts
from the International Association for the Study

Many acute and chronic diseases, injuries6 and  of Pain, about 20% of humans suffer from chronic
medical interventions are associated with pain, pain syndrome due to low efficacy of symptomat-
which dramatically impairs the quality of life and  ic therapy. According to statistics, the number of
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cancer patients, patients diagnosed with myocar-
dial infarction and coronary artery disease, as well
as patients with various injuries reaches up to 13
million people a year in the Russian Federation. In
this respect, analgesics for treatment of severe and
excruciating pain of various etiology (including
chronic pain) and opioid antagonists are strategical-
ly important categories of medicines [1-3]. At the
same time, according to the estimates of anesthesi-
ologists and expert analysts from the Russian phar-
maceutical market, only about 10% of the demand
for next-generation analgesics (enhanced opioids,
combined analgesics, etc.) in the clinical setting is
addressed. Moreover, the existing problem of side
effects (gastro-, nephro-, hepato-, cardio-, and he-
matotoxicity, teratogenicity, mutagenicity, devel-
opment of physical and psychological addiction)
is still of great medical and social importance due
to high availability and widespread use of painkill-
ers of different groups [1-3]. All the above factors
determine the need for search, development, and
practical implementation of conceptually new an-
algesics with low toxicity acting on the molecular
mechanisms of pain generation.

Preclinical studies of an innovative analgesic
(hereinafter referred to as thiowurtzine, TWZ) based
on the 2,4,6,8,10,12hexaazatetracyclo[5,5,0,0*'1,0°7]
dodecane (hexaazaizowurzitane) derivative for treat-
ment of pain syndrome of different etiology are be-
ing currently carried out at Goldberg Research In-
stitute of Pharmacology and Regenerative Medicine,
Tomsk NIMC. It has been found that the test sample
“Thiowurtzine, capsule 120 mg” has low toxicity and
LD, 150-5000 mg / kg (hazard class III in line with
GOST R 12.1.007-76). Its pronounced analgesic ef-
fect was demonstrated in the hot-plate test of noci-
ception, acute visceral and deep somatic pain model
(acetic acid-induced writhing test), chemogenic pain
model (formalin test), TRPV1 receptor sensitivity
model (capsaicin test), and Randall — Selitto paw
pressure test [4, 5]. The use of specific pharmaco-
logical analyzers allowed us to hypothesize the in-
volvement of the kappa — opioid system and TRP re-
ceptors in the antinociceptive effect of thiowurtzine
with a probable impact on serotonin and GABAergic
structures of the central nervous system and T-type
calcium (Ca?") channels [6, 7]. The discovered
multi-target analgesic mechanism of thiowurtzine is
manifested at different levels of perception, imple-
mentation, and modulation of nociceptive activity,

which requires research on the probability of drug
abuse development due to drug administration.

The present study is aimed at exploring the like-
lihood of withdrawal syndrome development due to
discontinuation of the 5-day administration of thio-
wurtzine with naloxone challenge test in the exper-
iment.

MATERIALS AND METHODS

The experiments were conducted on 60 outbred
male CD1 mice (weight 20.5 g, age 7-8 weeks).
The animals were obtained from the Department of
Experimental Biomodeling at Goldberg Research
Institute of Tomsk NRMC (Certificate of Animal
Health). Animal maintenance and experiment de-
sign were approved by the Bioethics Committee at
Goldberg Research Institute (JACUC protocol No.
96092015 of 16.09.2015) and complied with the Di-
rective 2010/63/EU of the European Parliament and
the Council of the European Union on the Protection
of Animals Used for Scientific Purposes and GOST
No. 33044-2014 “Principles of Good Laboratory
Practice” of 01.08.2015.

The animals were randomly classified into groups
using body weight (£ 10%) as a criterion for classifi-
cation. The mice were euthanized by cervical dislo-
cation. The test sample “Thiowurtzine, capsule 120
mg” was the object of the study. The active phar-
maceutical ingredient was an organic low molecu-
lar weight compound 4-(3,4-dibromothiophene car-
bonyl)-2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazatet-
racyclo[5,5,0,0>!",0°?]dodecane that was first synthe-
sized using computer modeling results at [PCET SB
RAS (Biysk) [5]. The previous study on the analgesic
effect of thiowurtzine determined the effective thera-
peutic dose of the compound — 100 mg / kg intragas-
trically [5, 7].

To assess the withdrawal syndrome, thiowurtzine
and the reference drug tramadol hydrochloride (Joint
Stock Company Organica, Russian Federation) were
administered per os twice a day (in the morning and
in the evening) for 5 days as follows: 1) at 9 a.m. —
thiowurtzine 50 mg / kg and tramadol 10 mg / kg, at
3 p.m. — thiowurtzine 50 mg / kg and tramadol
10 mg / kg; 2) at 9 a.m. — thiowurtzine 50 mg / kg
and tramadol 10 mg / kg, at 3 p.m. — thiowurtzine
75 mg/ kg and tramadol 15 mg/kg; 3) at 9 a.m. —thio-
wurtzine 75 mg/ kg and tramadol 15 mg/kg, at 3 p.m.
— thiowurtzine 75 mg / kg and tramadol 15 mg / kg;
4) at 9 a.m. — thiowurtzine 100 mg / kg and tramadol
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20 mg / kg, at 3 p.m. — thiowurtzine 100 mg / kg
and tramadol 20 mg / kg; 5) at 9 a.m. — thiowurtzine
100 mg / kg and tramadol 20 mg / kg, at 3 p.m. —nal-
oxone 10 mg / kg subcutaneously [8—10].

Naloxone (Moscow Pharmaceutical Factory, Rus-
sian Federation) is a non-selective opioid antagonist.
The animals were divided into 6 groups for the experi-
ments. Group 1: control (purified water) according to
the regimen. Group 2: control (purified water) accord-
ing to the regimen + naloxone. Group 3: thiowurtzine
(decapsulated) according to the regimen. Group
4: thiowurtzine (decapsulated) according to the regi-
men + naloxone. Group 5: tramadol according to the
regimen. Group 6: tramadol according to the regi-
men + naloxone.

During 1 hour following the naloxone injection,
the overall health status of mice was assessed accord-
ing to dominant withdrawal syndrome components
and recessive traits of mild withdrawal syndrome
(abnormal acoustic and corneal reflexes, the pres-
ence of convulsions, writhing movements, tremor as
if beating a drum, ptosis, jumping, shaking, chatter-
ing teeth, Straub reaction, itching, sneezing, lateral
position). The weight of the rodents was measured
during the randomization and 2 h after the naloxone
injection. 24 hours after withdrawal of the test com-
pounds, the open-field test was used to determine
the degree of impact on animal behavioral patterns
(emotionality, horizontal and vertical motor and ex-
ploratory activity) [8, 11]. The mice were placed at
the center of the open-field arena. Then the behavior-
al patterns of each animal were recorded for 2 min:
horizontal activity (the number of crossed squares);
vertical activity (the number of rearings with and
without support of the cage edge); exploratory ac-

tivity (the number of holepoking movements); emo-
tional reaction and its vegetative manifestations
(defecation); grooming.

Inactive animals with more intense defecation in
the open-field maze were considered more emotional
than animals who moved a lot but showed less in-
tense defecation. Statistically significant variation in
the parameters of horizontal and vertical motor activ-
ity was considered a criterion of sedative or stimulat-
ing effect. The analgesic activity was studied using a
Hot Plate Analgesia Meter (Columbus Instruments,
USA) at 55°C. Latency of the pain response was re-
corded via animal’s licking their hind paws, which
is a sign that the pain threshold was reached. The
analgesic effect was presented as the average laten-
cy in the group, while a significant increase in the
response latency after the administration of the com-
pounds was considered a hyperalgesia criterion [8].

The statistical analysis of the obtained data was
performed using Statistica 6.0. The mean (X) and
standard deviation (m) were calculated for all data.
Along with the value of n (number of variants), they
are presented in the final tables. The intergroup dif-
ferences were checked using the non-parametric
Kruskal — Wallis and Mann — Whitney — Wilcoxon
(U) tests. The Fisher’s angular transformation crite-
rion (p) was used to compare frequencies. The dif-
ferences were considered statistically significant at
p <0.05 [8].

RESULTS

The control experiments demonstrated no signs
of physical dependence while the withdrawal syn-
drome with naloxone challenge test was examined
(table 1).

Table 1

Manifestation of reflexes in outbred male CD1 mice after discontinued administration of thiowurtzine (50—100 mg / kg) and tramadol
(10-20 mg / kg) with naloxone challenge test (10 mg / kg s/c)

Control, Control Thiowurtzine. n = 10 Thiowurtzine + Tramadol, Tramadol
Reflex n=10 + naloxone, n =10 ’ naloxone, n =10 n=10 + naloxone, n =10
Number of animals with reflex manifestations, %
Acoustic 100 100 100 100 100 100
Corneal 100 100 100 100 100 100
Convulsions 0 0 0 0 30* 20*
Tremor 0 0 0 0 20%* 20%*
Ptosis 0 0 0 0 0 10
Jumping 0 0 0 0 0 10
Shaking 0 0 0 0 20*
Chattering teeth 0 0 0 0 0
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Table 1 (continued)

Control, Control Thiowurtzine. 7 = 10 Thiowurtzine + Tramadol, Tramadol
Reflex n=10 + naloxone, n =10 ’ naloxone, n =10 n=10 + naloxone, n =10
Number of animals with reflex manifestations, %
Straub reaction 0 0 0 0 0 20*
Itching 100 100 100 100 100 100
Sneezing 0 0 0 0 0 0
Lateral position 0 0 0 0 0 0

*p <0.01 compared with the control (Fisher’s test)

Recessive signs of abuse were recorded in the an-
imals treated with tramadol: tremor (20%), shaking
(20%), and convulsions as the withdrawal syndrome
component (30%) (Table 1). During tramadol admin-
istration according to the regimen, naloxone evoked
not only such signs of mild withdrawal syndrome as
shaking (20%), tremor as if beating a drum (20%),
and ptosis (10%), but also jumping activity (10%),
Straub reaction (20%), and convulsions (20%),
which are dominant withdrawal syndrome compo-

nents (Table 1). The mice treated with thiowurtzine
according to the regimen in combination with nalox-
one had none of the physical dependence signs.

The study results for exploratory activity of the an-
imals in the open-field test suggest that thiowurtzine
after administration according to the regimen with
naloxone challenge test did not change the number
of vertical postures and the number of holepoking
movements throughout the entire observation period
(Table 2).

Table 2

Effect of cycle administration of thiowurtzine according to the ascending dose regimen (50-100 mg / kg) on behavioral patterns
of outbred male CD1 mice in the open-field test against the background of administration discontinuation with naloxone challenge

test( 10 mg /kgs/c), Xtm
Study group Overall Horizontal Vertical Hole ex- Groom- | Defeca- Asymme-
(number of animals, n = 10) mgtgr activity activity ploratgry ing tion try <.:oeﬁ“1-
activity behavior cient
I** min of observation
1.Water control (according to the regimen) 423+4.0 255+29 31+£1.1 [13.5€19(02+0.1| 0+0 |60.6+3.9
2. Control (according to the regimen) + naloxone 43.1+3.8 283+2.8 34+08 [10.7+1.8[0.1£0.10.6+03|654+3.1
3. Thiowurtzine (according to the regimen) 44.0+42 334+0.1 29407 |109+1.8| 0+0 |02+0.2|66.8+4.1
4. Thiowurtzine (according to the regimen) + naloxone | 54.1 £5.1*% | 35.0+4.0% | 40+13 |150£15| 0+0 |0.1+0.1|63.5+23
5. Tramadol (according to the regimen) 53.6+48 | 37.0+3.6*% | 46=x1.1 |11.6=1.7| 0+0 [04+03[{693+34
6. Tramadol (according to the regimen) + naloxone 382+£33" | 253+£3.0" | 1.9+0.8" |105+1.7]03+02[{02+0.1[658+53
243 min of observation
1. Water control (according to the regimen) 733+7.1 353+4.1 6.5+2.0 [30.8+4.1|0.6+03[0.1+0.1|48.6+3.4
2. Control (according to the regimen) + naloxone 79.9+5.6 40.1£3.0 81+1.6 [303+34({09+03]05+03|51.1+£3.6
3. Thiowurtzine (according to the regimen) 78.9£9.0 45.7+£5.7 6.1+1.0 [260+£34(09+0.2]02+0.1|579+33
4. Thiowurtzine (according to the regimen) + naloxone | 96.9 £9.2% | 523 +£6.12*¥ | 6.5+1.2 |372+£3.7|0.5+0.2|04+0.4|53.8+3.6
5. Tramadol (according to the regimen) 102.0+£12.1 | 539+£9.1 59+£12 [41546.1|0.6+02[04+03|51.6+4.2
6. Tramadol (according to the regimen) + Naloxone 83.5+945 | 487+7.8 [38+1.0%[30.2+2.5|04+£0.2[04+02[495+6.3
Overall outcome, 13" min of observation

1. Water control (according to the regimen) 115.6+10.3 | 60.8+6.5 9.6+£29 [443+£54|08+03[0.1+0.1|52.6+2.7
2. Control (according to the regimen) + naloxone 123.0£9.2 | 684=+51 | 11.5+2.2 [41.0£4.7|1.0+03|1.1+0.6[56.1+2.6
3. Thiowurtzine (according to the regimen) 1229+£122 | 75.7+83 9.0+1.5 [369+£50(09+02]04+£03|61.1+3.1
4. Thiowurtzine (according to the regimen) + naloxone | 151.0£12.8 | 87.3 +8.1* | 10.5£2.2 |522+42|0.5+02|0.5+0.5|58.0+2.1
5. Tramadol (according to the regimen) 1559+ 15.6%| 90.9+11.7* | 10.5+2.1 |53.1£6.7|0.6+0.2 |0.8+0.4|57.4+2.5
6. Tramadol (according to the regimen) + naloxone 122.0+ 1227 74.0+10.6 | 5.7+ 1.4* |40.7+3.7[0.7+0.3 |0.6+0.3|66.9+8.7

*p < 0.05 in comparison with water control, *p < 0.05 in comparison with the Control + naloxone group, "p < 0.05 in comparison with the

Tramadol group (Mann — Whitney — Wilcoxon test).
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In addition, the absence of statistically significant
changes in the grooming and defecation parameters
indicates that the drug did not affect the emotional
level of the animals. A 1.3-fold increase in the over-
all motor activity (p < 0.05) due to a 1.4-fold in-
crease in the horizontal motor activity (by the num-
ber of squares crossed) (p < 0.05) during the 1% min
of observation and a 1.3-fold (p < 0.05) and 1.5-fold
increase (p < 0.05) in the 2"-3 min of the experi-
ment, respectively, relative to similar control data is
worth noting.

The revealed moderate stimulating effect of thio-
wurtzine on the horizontal activity can be explained
by the activated orientation and exploratory behav-
ior of mice due to the disinhibition effect of the drug
on behavioral reactions of the animals under stress
caused by new conditions [8, 11]. The data obtained
for all the analyzed parameters (horizontal, vertical
and exploratory activity, emotionality by its vegeta-
tive manifestations, grooming, etc.) allow us to state
that withdrawal syndrome was not formed. In con-
trast, a statistically significant decrease in overall,
horizontal, and vertical motor activity of the mice
treated with tramadol with naloxone challenge test,
in comparison with similar parameters in the animals
of the tramadol group, complied with the sedative
activity criterion and indicated withdrawal syndrome
development (Table 2).

The data presented in Table 3 allow to conclude
that the animals that received naloxone injections
after tramadol administration was discontinued de-
veloped hyperalgesia, since the response latency ex-
ceeded that of the Tramadol group by 1.2 times (p <
0.05).

The baseline value for thiowurtzine-suppressed
pain sensitivity in the case of a single injection
was 50% in the hot plate test, while 24 h after
5-day administration of thiowurtzine was discon-
tinued, the antinociceptive effect of the drug ap-
peared to be statistically significant and reached
23.9% relative to the water control (Table 3). In
the same period of observation, the naloxone chal-
lenge test resulted in a 21% decrease in the thio-
wurtzine activity when compared to the same ef-
fect in the above-mentioned group, which allows
for the conclusion that the animals did not develop
hyperalgesia.

The body mass of test animals is one of the im-
portant parameters for veterinary monitoring in a
long-term experiment.

Table 3

Body mass index of outbred male CD1 mice and
antinociceptive response value in the hot plate test in
withdrawal syndrome with naloxone challenge test, X + m

B f mi
Animal group ody mass o o8 Response
. after injec- | latency de-
(number of animals, before .
n=10) injections tions were | velopment,
J discontinued sec
I. Control, purified water 1,55, 71 553109 | 17.6+22
(according to the regimen)
2. Control, purified water
(according to the regimen) |25.6+0.5| 25704 | 17.9+2.0
+ naloxone, 10
3. Thiowurtzine (according | )5 5, o 61 262404 [21.8+2.7*
to the regimen)
4. Thiowurtzine (according
to the regimen) + nalox- 256+0.5] 262+0.5 172+ 1.4
one, 10
3. Tramadol (according to | )5 6 5| 555406 |17.8+13
the regimen)

* p < 0.05 in comparison with the Thiowurtzine + naloxone group;
#p <0.05 in comparison with the Control + naloxone group; *p < 0.05 in
comparison with the Tramadol group (Mann — Whitney — Wilcoxon test).

It can indicate an overall adverse effect of a test
compound on metabolism, as well as undesirable
and side effects when combined with toxicity testing
data. No negative changes in the body mass of the
test animals treated with thiowurtzine with naloxone
challenge test, which induces withdrawal syndrome,
were noted (Table 3).

CONCLUSION

The data obtained on the degree of impact on the
animal behavior in the open-field test (horizontal ac-
tivity, vertical and exploratory activity, emotionality
and its vegetative manifestations, grooming, etc.) al-
low for the conclusion that thiowurtzine causes no
sedation or euphoria in animals after discontinuation
of its 5-day administration regimen with naloxone
challenge test. A positive feature of this analgesic
is its disinhibition effect due to the activated orien-
tation and exploratory behavior in the afferentation
conditions of the open-field test. It should be not-
ed that dominant withdrawal syndrome components
and recessive signs of withdrawal syndrome were
not detected in the animals after the thiowurtzine ad-
ministration, as opposed to the tramadol-dependent
mice. The mice that received the analgesic did not
show a decrease in body mass, which points to the
absence of a toxic effect on the metabolism in the
test animals. Discontinuation of the thiowurtzine ad-
ministration with naxolone challenge test caused no
hyperalgesia in the animals in the hot plate test.
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The findings presented herein indicate that thio-
wurtzine evokes no side effects typical of opioid
analgesics (tramadol), including physical depen-
dence and withdrawal syndrome development fol-
lowing naloxone challenge test. Previous in vivo
and in silico studies (docking, molecular modeling,
molecular dynamics simulation) on the multi-target
mechanism of thiowurtzine explain the absence of
its morphine-like effect by the fact that the major
targets of the analgesic are TRPA1 receptors and
voltage-gated Ca?" channels [6, 12]. With a high
degree of probability, the conclusions made here-
in predict no drug abuse development when thiow-
urtzine is used in the clinical setting. The absence
of ulcerotoxicity found earlier will enable to ad-
minister thiowurtzine in long-term cycles with no
risk of gastrotoxicity for patients with chronic pain
syndrome.
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