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ABSTRACT

BACKGROUND: Toincrease resistance to hypoxia, various methods of hypoxic training, mental effects, and use of pharmacological
antihypoxants are employed.

AIM: To test new metal-complex compounds containing the antihypoxant almid in mice under conditions of acute hypoxia to
determine their protective properties.

MATERIALS AND METHODS: In the first stage of the study, four new metal-complex compounds of magnesium, calcium,
titanium, and vanadium containing the antihypoxant almid were screened in experiments on mice (n = 550) under acute hypoxic
conditions with hypercapnia. The antihypoxants almid and amtizole were used as comparison substances. Acute hypoxia was
induced by placing the animals in pharmacy glasses with a volume of 0.25 L with closed lapped stoppers. The substances
were administered intraperitoneally at doses of 25, 50, and 100 mg/kg previously dissolved in 0.3 mL of NaCl solution. The
incubation period was 60 min. The antihypoxic effect was considered confirmed if the lifespan increased by >20%. “Lifespan”
refers to the time interval from the moment the mice were placed in a pharmacy glass to the development of the first agonal
inhalation, after which the animals were quickly removed to preserve life. The rectal temperature of the animals was measured
before the introduction of substances, immediately before being exposed to acute hypoxic conditions with hypercapnia, and
after removal. Twenty-four hours after the first stage of the experiment, mice of the control group and mice that proved their
ability to resist acute hypoxia with hypercapnia were repeatedly exposed to acute hypoxic conditions with hypercapnia after the
use of substances.

RESULTS: A distinct antihypoxic effect exceeding the effectiveness of the comparison substances was obtained only in one
substance — nQ2460 with titanium as a metal-complexing agent — and a ligand in the form of fumaric acid. After the
administration of mQ2460, a dose-dependent decrease in rectal temperature was observed in mice. The lifespan of animals
increased with an increase in the dosage of nQ2460, i.e., by 43.9%, 103.1%, and 152.8% for doses of 25, 50, and 100 mg/kg,
respectively. The results of the second stage of the experiment confirmed the stable protective effect of mQ2460 but with an
equalization of the effect of the studied doses, which increased the lifespan under acute hypoxic conditions with hypercapnia to
an average of 60—70 min (control group, 40.5 min).

CONCLUSION: Among the compounds containing the antihypoxant almid in the complex molecule, mQ2460 (metal, titanium;
ligand, fumaric acid) was found to have a stable protective dose-dependent effect on the development of acute hypoxia with
hypercapnia in mice exceeding that for almid and the reference antihypoxant amtizole. The antihypoxic effect of mQ2460
persisted 24 h after its administration but leveled off for the studied doses — 25, 50, and 100 mg/kg. Considering the data
obtained during the comparison of the indicators of resistance to acute hypoxia in the control group, a hypothesis was proposed
regarding the possibility of forming a preconditioning effect in animals from the primary effects of acute hypoxia.
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AHHOTALUA

AxTtyanbHocTb. B Halm [HM ANg NOBbILIEHUS YCTOWYMBOCTU K TUMOKCUW MPAKTUKYKOT pa3finyHble Cnocobbl MMNoKCMYeCKom
TPEHUPOBKU, NCUXUYECKOTO BO3LENCTBUSA, @ TaKKe NMPUMEHeHUe PapMaKoNOrMyYeCKUX CPeLCTB — aHTUIMMOKCAHTOB.

Llenb — ucnbiTaTb B OMbITaX Ha MbllLax HOBbIE, COAEPKALUME aHTUTMNOKCAHT afMUL, METaNNIOKOMMEKCHbIE COEAMHEHMS
B YC/I0BMSIX OCTPOM TMNOKCUM NS 06HapYKEeHUS 3aLLUMTHbIX CBOWCTB.

Martepuansl n Metogbl. Ha 1-M 3tane nccnenoBaHus B onbiTax Ha Mbiwwax (n = 550) ocyLLeCTBASIN CKPUHUHT 4 HOBbIX MeTa-
JIOKOMMEKCHBIX COEAMHEHMIA MarHus, KanbLus, TUTaHa U BaHaus,, COAEPXKaLUMX aHTUIUNOKCAHT anMug, B YCNOBUSX OCTPOM
TUNOKCUM C rYMepKanHueil. B KayecTBe BeLLECTB CpaBHEHWSA UCMONb30BaNM aHTUIUMOKCAHTLI anMug, 1 amtuson. CoctosiHue
OCTPOW TMMOKCUM BbI3bIBaNM, MOMELLAA MUBOTHBIX B CTEKNAHHbIE aNnTeYHble LUTaHIMa3bl C NpUTEpPTON NpobKoi 06beMoM
0,25 n. CybcTaHumv BBOAMAM BHYTPUOPIOWUMHHO B Ao3ax 25, 50 u 100 mr/kr, npeasaputensHo pacteopus B 0,3 Mn ¢usm-
onormyeckoro pacteopa NaCl. Mepvop, MHKybaumm coctaBnsi 60 MUH. AHTUIMNOKCUYECKUIA 3 EKT cuMTanu AoKasaHHbIM
NPy yBENMYEHUM NPOAOIKUTENBHOCTD Xu3HK Ha 20 % u bonee. Mof «NpogonKUTENBHOCTBIO KU3HU» NOAPa3yMeBan UHTEp-
BaJ1 BPEMEHM OT MOMEHTa NOMELLEHUS MbILLeH B LUTAHMa3 A0 Pa3BUTHA MEPBOr0 aroHanbHOro BAOXa, NOCIIe Yero XMBOTHBIX
BbICTPO M3BNEKANM C LiENbI0 COXPaHEHWS XU3HW. [lo BBELEHWS BELLECTB, HEMOCPELCTBEHHO Nepes, NMOMELLEHUEM B YCNIOBUS
OCTPOMW MMMOKCUM C TUNEPKANHUEN W NOC/e U3BNEYEHMUS Y HMBOTHBIX U3MEPAIU PEKTaNbHYH TeMnepatypy. Yepes 24 4 nocne
1-ro 3Tana aKcnepuMMeHTa MbiLLEI KOHTPOSIbHOW FPynnbl U MblLLeH, A0Ka3aBLUKMX CMOCOBHOCTb NPOTUBOCTOATL OCTPOM TMMOK-
CMM C TMNepKanH1en nocse NPUMMEHeHUs BELLECTB, NOBTOPHO MOABEPrany BO3LENCTBUIO OCTPON MMMOKCUW C rumnepKanHuen.
Pesynbtathl. OTYeTIMBOE aHTUIMMOKCUYECKOE AeicTBue, npeBbillaloLiee 3QGheKTMBHOCTbL BELLECTB CPABHEHMS, DObINO Bbi-
SIBNEHO NULLb Y oaHoro BewlectBa — mQ2460 ¢ TUTAHOM B KayecTBe MeTanna-KoMnneKcoobpasoBatens v NMraHnoM B BULE
dymaposoii kucnotbl. Mocne BeepeHus Q2460 y Mblweii Habnoganm [0303aBUCMMOE CHUXEHWUE PEKTaNbHOM TeMmepaTypbl.
MpomoMKNTENBHOCTb XM3HKM XMBOTHBIX BO3pacTana No Mepe yBeaMYeHUst JO3MPOBKM BellecTBa mQ2460 — Ha 43,9; 103,1
n 152,8 % B cootBeTcTBMM C Ao3amm 25, 50 u 100 Mr/kr. Pe3ynbTaTbl 2-ro 3Tana 3KcnepuMeHTa NOLTBEPAWIM YCTOMUMBLINA 3a-
WwmTHbIN adpderT mA2460, Ho ¢ BbipaBHUBaHWEM 3ddEKTa AN U3Y4EHHBIX 403, 06eCneynBaBLUMX YBENUYEHUE NPOACTKUTENb-
HOCTM XXU3HU B YCNOBMSIX OCTPON MMMOKCUM C runepKanHueii B cpeaHeM 1o 60—70 MuH (B KoHTpone — 40,5 MuH).
3akuniouenmne. Cpeayn coesvHEHWI, COAEPIKALLMX aHTUIUMOKCAHT anMUA, B COCTaBe KOMMIEKCHOW MOMEKYIbI, BbISIBNIEHO Be-
wecTBo mA2460 (MeTann — TUTaH, IUraHn — dymapoBas KUCNOoTa), obiafatoLme YCTOMYMBLIM 3aLLUMTHBIM 0303aBUCUMBIM
JENCTBMEM NPU Pa3BUTUM Y MbILLIEN OCTPO/A TMMNOKCUM C UMEpKamnHUeid, NpeBbILLAKLLMM TaKOBOE 1S aNIMMAA U 3TaNIOHHO-
o aHTUrUMOKcaHTa amTu3ona. AHTurunokcuueckuin abdekt Bewectsa mQ2460 coxpaHsanca cnycTa 24 4 nocne BBeLEHMS,
HO BbipaBHMBACA 4518 U3y4eHHbIx o3 — 25, 50, 100 Mr/kr. C yyeToM AaHHbIX, NOMyYeHHbIX B X04e CPaBHEHWS NoKa3aTenei
PE3UCTEHTHOCTM K OCTPOM MMMOKCUM B TPYMNe KOHTPOAS, BbICKa3aHa runoTte3a 0 BO3MOXHOCTU GOpMMPOBaHUS NPEKOHAMLM-
OHMpYtoLLLero 3 eKTa Y KUBOTHBIX OT NEPBUYHOIO BO3AENCTBUS OCTPON MMMOKCUM.

KnioueBble cioBa: MbiLLy; 0CTpaA rmnokcud; anMnacoaepatlme MeTajllIoOKOMIJIeKCHble COeANHEHUA; aHTUIUIMOKCAHTbI; npe-
KOHAMLUWOHMPOBAHKe.
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BACKGROUND

Oxygen is crucial for the vital activity of most organisms.
The need for oxygen increases with physical exertion,
especially in extreme situations, and in conditions of high
altitude or confinement. Disruption and dissociation of
oxidative phosphorylation processes can lead to acute
exogenous hypoxia [1, 2].

Currently, various methods are used to increase
resistance to hypoxia, including hypoxia training, mental
conditioning, and the use of antihypoxants such as
aminothiol derivatives (e.g., gutimin, almid, etomersol, and
amtizole), which have been proven to be highly effective.
The abovementioned substances significantly enhance the
resistance of experimental animals to various forms of
acute hypoxia. They induce a considerable increase in life
expectancy (acute hypoxia with hypercapnia) and reserve
time (acute hypobaric hypoxia). These substances positively
affect the stability of oxidative phosphorylation processes in
the mitochondrial compartment of cells and mechanisms of
redox regulation in the cytosol in cases of excessive free-
radical reactions [2-4].

However, toward the end of the 20 century, a group
of metal-complex substances, initially determined as
physiologically compatible antioxidants, drew the attention
of scientists. The newly synthesized compounds exhibited
high redox activity in both living and artificial environments.
This activity was attributed to the presence of a metal of
variable valence in the substance formula, which significantly
increased ligand activity [1, 4]. Subsequently, labeled with
the cipher nQ, the metal-complex compounds proved to be
equally effective in hypoxia models, often competing with
antihypoxants of aminathiol origin.

In 2005, E.A. Parfenov synthesized the metal-complex
compounds mQ2456, mQ2458, nQ2460, and mQ2461, which
included a molecule of aminothiol antihypoxant — almid
as one of the ligands. The metal-complexing agents
used were magnesium, calcium, titanium, and vanadium,
respectively.

The antihypoxant almid (2-allylthiobenzimidazole
hydrochloride) is a derivative of bemityl (2-ethylthioben-
zimidazole hydrobromide monohydrate) (Fig. 1). Both
substances have a moderate psychostimulant effect that
enhances physical and mental performance [3]. They activate
antioxidant systems, reduce asthenic phenomena of different
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origins, and have an antihypoxic effect that protects the brain,
myocardium, and liver.

This study aimed to examine and compare the protective
effects of four newly synthesized metal-complex compounds
containing almid with those of amide and the reference
antihypoxant amtizole.

MATERIALS AND METHODS

Male CBF1 mice (n = 550) weighing 20-30 g were used to
screen four new metal-complex compounds of magnesium,
calcium, titanium, and vanadium containing the antihypoxant
almid under conditions of acute hypoxia with hypercapnia
(AH + Hc). Acute hypoxia was induced in the mice by placing
the animals in glass pharmacy calipers of 0.25 L with lapped
plugs [5].

Almid-containing substances (mQ2456, nQ2458, nQ2460,
and mQ2461) and comparison substances (almid and amtizole)
were administered intraperitoneally at doses of 25, 50, and
100 mg/kg. The substances were pre-dissolved in 0.3 ml of
physiological sodium chloride solution. The control group
received an equal volume of solvent, and the incubation
period was 60 minutes. Antihypoxic effect was confirmed by
an increased life expectancy of 20% or more in comparison
with the control. Lifespan was defined as the period from
the moment of placing the mice in the sealed syringe until
the first agonal breath, after which the animals were quickly
removed to preserve their lives.

The studied compounds can each be represented by the
following formula:

[MBL] x nH,0,

where M is a metal-complexing agent, B is a base (almid),
Lis aligand, and n is the number of water molecules. Table 1
presents the characteristics of the studied almid-containing
metal-complex compounds.

Rectal temperature was measured three times in animals
using an electrothermometer TPEM-1 during the experiment:
before administering substances, before being placed in
AH + Hc conditions, and after retrieval from the pharmacy
calipers.

Two groups of mice were exposed to AH + Hc: the
control group and group administered with a metal-complex
compound to test its antihypoxic effect. After 24 hours,

N
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Fig. 1. Chemical formulas of almid (a) and bemitil (b)
Puc. 1. Xumuueckue popmynbl anmupa (a) u bemutuna (b)
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Table 1. Characteristics of the studied almid-containing metal-complex compounds
Tabnuua 1. XapaKTepucTiKa UccnefloBaHHbIX aNiMUCOAEPHALUMX METaNIIOKOMMN/IEKCHBIX COELMHEHMIA

Cipher of chemical Base, B Ligand, L Metal-complexing agent, M
compounds
nQ2456 Almid Phenylacetic acid Magnesium
nQ2458 Almid GHB Calcium
nQ2460 Almid Fumaric acid Titanium
nQ2461 Almid Dichloroacetic acid Vanadium (Il)
both groups were reexposed to AH + Hc to determine the RESULTS AND DISCUSSION

duration of the antihypoxic effect. In the second stage of the
experiment, the mice were kept in sealed conditions until
death.

All results were processed statistically. Data comparison
was performed by calculating the second-order error and
power of t-criterion in pharmacological samples using
modern information technologies in the public domain. This
method was based on automating integration operations of
Student’s distribution and non-central Student’s distribution.
The comparison results were statistically significant at
p < 0.05 [6].

Table 2 summarizes the effects of almid-containing
substances and comparison substances on rectal temperature
and longevity in AH + Hc mice and shows that the initial core
body temperature of the control group animals averaged
36.9°C and remained stable until they were placed in
AH + Hc conditions. The animals’ life expectancy was
40.53 +3.25 min under acute hypoxia conditions,
which is typical for this technique [1, 7]. At the end of
the experiment, 7 of 10 animals in the control group
survived.

Table 2. Effect of almid-containing metal-complex compounds and comparison substances on rectal temperature and lifespan of mice
exposed to acute hypoxic conditions with hypercapnia 1 h after administration

Tabnuua 2. Bnusnue anMuacoepxalluux MeTasIoOKOMNIeKCHbIX COELMHEHWUA W BeLLeCTB CpaBHEHUA Ha pPeKTaJlbHYK Temnepatypy
M NPOAOTIXKUTENIbHOCTb XU3HU MblLLIEN, nepexnBaBLUNX yCI10BUA OCTPOVI TMNOKCKUK C FVII'IepKaI'IHVIeVI yepes 1 4 nocne BBeAEHUS

Grouns. n = 10 Dose Rectal temperature Rectal temperature 1 h Temperature Lifespan. min Number of survivors
ups, h_ /k' before injection after injection difference, (I\; . ) .
in eac mg/kg (M m), °C (M+m), °C °c +m in a group
Control - 36917 36.8+2.0 -0.1 40.53 + 3.50 7
(1 group)
102456 25 365+22 365+18 0 35.44 + 2.96 8
(3 groups) 50 371£3.6 36.3+12.6 -0.8 4776 + 3.61 7
group 100 36.2+28 352+25 -1.0 50.20 + 3.73* 7
102458 25 370+ 2.4 34.2 £2.2¢ -2.8 39.48 + 3.59 5
(3 groups) 50 36.1£33 335+ 3.0 -2.6 3451 + 3.74 3
group 100 36.6+25 31.0 £ 2.4 5.6 29.03 + 2.88* 3
102460 25 37221 340+ 1.9* -3.2 58.33 + 4.01* 10
(3 groups) 50 364+23 32.4 +2.6* -4.0 82.30 + 4.49** 10
group 100 36.7+£35 295+ 3.7 -12 102.46 + 5.27** 9
102461 25 36.4+3.1 357+28 -0.7 38.77 £ 3.03 9
3 groups) 50 36.7+£3.4 349 +22* -1.8 40.07 + 3.21 8
group 100 367+37 33.2+3.1% 35 42.85 £ 3.92 8
Almid 25 37227 343+27 -2.9 39.44 + 1.63 9
(3 groups) 50 37225 32.6 + 2.4* 4.6 63.20 + 3.11* 10
group 100 365 3.7 31 +£2.3 5.4 79.25 £ 3.81** 8
Amtizole 25 374+22 34.2 £ 2.5* -3.2 48.99 + 3.12 10
3 groups) 50 369+£2.6 33.6 +2.9** -3.3 57.32 + 3.40* 10
group 100 37227 31.3+2.6* -5.9 8759 + 4.79* 8

Note: p < 0.05; ** — p < 0.005.
lpumeqanue: * — p < 0,05; ** — p < 0,005.
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Other metal-complex agents containing almid were
ineffective, such as nQ2456 (magnesium and phenylacetic
acid) and mQ2461 (vanadium and dichloroacetic acid), or had
negative effects on animal longevity under acute hypoxia,
including mQ2458 (calcium and gamma-oxybutyric acid).
However, all newly studied compounds induced a statistically
significant hypothermic effect, except mQ2456. This raises
questions whether a direct correlation exists between a
decrease in rectal temperature in animals exposed to a
pharmacological agent and the antihypoxic effect of said
substance. Nonetheless, studies have reported a correlation
between the dynamics of these parameters [2, 4].

The negative impact of mQ2458 on the survival rate of
animals under AH + Hc conditions should be noted. Among
the 30 mice that received intraperitoneal injections of the
substance, only 11 survived. Additionally, all animals that
received doses of 50 and 100 mg/kg died within the next
24 hours of observation before the beginning of the second
stage of the experiment, making them unusable for the final
stage. The results may be attributed to the high toxicity
of mQ2458, which is a characteristic of metal-complex
compounds [4].

Val. 15 (1) 2024
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During the study, the comparison substances almid and
amtizole were found to be reliable antihypoxants. However,
Table 2 shows that their efficacy was weaker than that of
nQ2460, which provided superior protection against hypoxia
according to all evaluated criteria. Almid increased animal
lifespan only at doses of 50 and 100 mg/kg by 55.9%
(p < 0.05) and 95.5% (p < 0.005), respectively. The effect of
amtizole was qualitatively similar to the protective effect of
almid.

In the second stage of the study, the resistance of
surviving mice to AH + Hc was reevaluated 24 hours after
administration of the substances (Table 3).

Table 3 reveals that in most animals, rectal temperature
gradually returned to normal 24 hours after substance
administration. This can be considered an indicator of the
termination of the effect of the studied metal-complex
compounds [10]. However, even 1 day after the injections, the
resistance of mice to AH + Hc remained high (mQ2460, almid,
and amtizole). In groups where the effect was doubtful or absent
(mQ2456 and mQ2461), a significant increase in resistance
was observed in some doses compared to the 1 h control
group (exposure of mice to AH + Hc on intact mice, stage 1).

Table 3. Effect of almid-containing metal-complex compounds and comparison substances on rectal temperature and lifespan of mice
experiencing acute hypoxia (AH + Hc) with hypercapnia 24 h after administration

Tabnuua 3. BrvsHve anMUACcOAEpXalUMX METa/NIOKOMIIEKCHBIX COEAMHEHMA M BELUECTB CPaBHEHMSI HA PeKTasibHylo TeMnepatypy
W NPOACIKUTENBHOCTb JKU3HW MbILLIEH, NEPEXMUBABLLMX YCII0BUS OCTPOI MMMNOKCUM C runepKanHuen Yepes 24 4 nocne BBEAEHUS

. . Rectal temperature before . .
Groups Dose received Nul_nber of survivors AH + He Lifespan, min
24 h ago, mg/kg in the group, n (M m), °C (M £ m)
1 h Control - 10 36917 40.53 + 3.50
(1 group)
24 h Control - 7 36.2+4.4 54.57 + 4.30*
(1 group)
nQ2456 25 8 358+37 52.16 £ 3.15
(3 groups) 50 7 35.2+49 52.23 + 5.88"
100 7 35.1+£3.8 54.31 + 5.13*
nQ2458 25 5 - -
(3 groups) 50 3 - -
100 3 - -
nQ2460 25 10 35.4+28 60.28 + 3.01*
(3 groups) 50 10 36,1217 67.34 + 3.82*
100 9 34625 70.20 + 4.10%*
nQ2461 25 9 36.2+35 46.52 + 3.39
(3 groups) 50 8 36.1+35 52.98 + 4.27*
100 8 358+4.3 49.64 + 4.53
Almid 25 9 36.5+3.6 49.10 + 3.02
(3 groups) 50 10 371+22 52.46 + 3.29*
100 8 370 £ 4.2 5741 +5.14*
Amtizole 25 10 372+3.7 50.24 + 3.03
(3 groups) 50 10 363+24 53.39 + 3.63"
100 8 36.1£45 61.88 + 4.40%

Note: ¥ — p < 0.05 compared to the 1 h Control group, * — p < 0.05 compared to the 24 h Control group.
lMpumeuarue: * — p < 0,05 no cpasHeHuio ¢ rpynnoi «KoHTponb 1 u», *— p < 0,05 no cpaBHeHwio ¢ rpynnoit «KoHTposb 24 u».
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The antihypoxic effect of the titanium metal complex
Q2460 was the most significant among all doses tested.
The substance showed statistical significance when
compared to the 1 h control group for three doses and to
the 24 h control group for the 50 and 100 mg/kg doses. The
efficacy of almid and amtizole was considerably lower than
that of the metal-complex compound (Table 3).

During stage 2 of the experiment, an increased resistance
to AH + Hc was detected even in the control group. The
lifespan of animals subjected to repeated acute hypoxia (after
24 hours) was 34.6% longer than at the first stage, which was
statistically significant (p < 0.05).

The results in stage 2 of the experiment confirmed the
stable protective effect of mQ2460. After 1 day, the effect
of mQ2460 leveled off for all studied doses, with increased
lifespan under OH + Gk conditions ranging from 60 to
70 minutes. Based on the data obtained from comparing
life expectancy in the control group, a hypothesis regarding
the possibility of a preconditioning effect resulting from the
primary effect of acute hypoxia on animal organisms was
generated. Repeated exposure to acute hypoxic hypoxia
has been shown to significantly increase the endurance
of animals and humans to hypoxic conditions [1, 11, 12].
Antihypoxants may have a mitigating effect on the formation
of the preconditioning effect, as confirmed by the presented
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