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ABSTRACT
BACKGROUND: Metal compounds, particularly transition metal salt with various structural complexities, often demonstrate the 
pro-hypoxic effect. This effect can be used for acute exogenous hypoxic preconditioning.
AIM: The work aimed to assess the potential of specific metal complexes as pharmacological agents for acute exogenous 
hypoxiс preconditioning in an experimental setting.
MATERIALS AND METHODS: The experiments were conducted on 140 male CBF1 mice weighing 20–25 g. Acute exogenous 
hypoxia was simulated using two methods: by placing animals in an enclosed space to induce acute hypoxia and hypercapnia, 
and by simulating the high-altitude environment to induce acute hypobaric hypoxia. The mice’s tolerance to hypoxia and 
hypercapnia was evaluated by measuring survival time, whereas survival time at the lethal altitude  was used to assess 
the tolerance to  hypobaric hypoxia. The metal complexes πQ1983, πQ2116, and πQ2721—which have been shown to have 
antihypoxic effects—were administered to mice daily by single intraperitoneal injection at 10, 25, and 40 mg/kg for 7 days 
prior to the experiments. At 10:00 a.m. on day 8, the animals were exposed to modelled acute exogenous hypoxia to assess the 
preconditioning effect. The effect of the compounds on thermogenic processes was evaluated by measuring rectal temperature.
RESULTS: Of the 3 compounds examined, only πQ2721 showed the preconditioning effect in the acute hypoxia and hypercapnia 
model. After 7 days of administration at 25 and 40 mg/kg, animal survival time increased by 56.5 % and 82.6 %, respectively. 
Each compound demonstrated a beneficial effect on the mice’s tolerance to acute hypoxia in the acute hypobaric hypoxia model.
CONCLUSION: In two models of acute, exogenous hypoxia, all three metal complexes—πQ1983, πQ2116, and πQ2721—that 
were investigated in mouse experiments showed the preconditioning effect, which was most significant in acute hypobaric 
hypoxia conditions. In contrast to πQ1983 and πQ2116, πQ2721 exhibited the significant dose-dependent preconditioning 
effect in models of acute hypoxia and hypercapnia and acute hypobaric hypoxia that considerably enhances the animal 
tolerance to oxygen deficiency. The preconditioning effect of metal complexes is most effectively achieved in conjunction with  
the induction of hypothermia, which can serve as a valuable marker in the targeted search for novel pharmacological agents 
for preconditioning.
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АННОТАЦИЯ
Актуальность. Прогипоксическое действие нередко демонстрируют металлосодержащие вещества  — соли переход-
ных металлов различной степени сложности. Данный эффект может быть использован для прекондиционирования 
к острой экзогенной гипоксии.
Цель — оценить возможность применения некоторых металлокомплексных соединений в качестве агентов фармако-
логического прекондиционирования к острой экзогенной гипоксии в эксперименте.
Материалы и методы. Опыты выполнены на 140 мышах-самцах линии CBF1 массой 20–25 г. Моделирование острой 
экзогенной гипоксии осуществляли 2 способами — путем помещения животных в замкнутое пространство (острая ги-
поксия с гиперкапнией) и путем имитации подъема на высоту (острая гипобарическая гипоксия). Толерантность мышей 
к острой гипоксии с гиперкапнией оценивали по показателю «продолжительность жизни», а к острой гипобарической 
гипоксии — по показателю «резервное время». Предварительно на протяжении 7 сут осуществляли ежедневное разо-
вое внутрибрюшинное введение металлокомплексных веществ πQ1983, πQ2116 и  πQ2721  в  дозах 10, 25 и  40  мг/кг, 
ранее зарекомендовавших себя в качестве антигипоксических средств. На 8‑е сутки в 10:00 мышей помещали в усло-
вия острой экзогенной гипоксии в  соответствии с  моделью для оценки результата прекондиционирования. Влияние  
веществ на процессы теплообразования изучали путем измерения ректальной температуры.
Результаты. В условиях острой гипоксии с гиперкапнией из 3 изученных веществ прекондиционирующий эффект про-
демонстрировало лишь вещество πQ2721. После 7-суточного его введения в дозах 25 и 40 мг/кг зафиксирован прирост 
продолжительности жизни животных на 56,5 и 82,6% соответственно. На модели острой гипобарической гипоксии по-
ложительное влияние на толерантность мышей к острой гипоксии продемонстрировали все вещества.
Заключение. Во всех 3  комплексных соединениях металлов: πQ1983, πQ2116, πQ2721,  — изученных на 2  моделях 
острой экзогенной гипоксии в  опытах на мышах, выявлен прекондиционирующий эффект, который наиболее отчет-
ливо проявляет себя в условиях ОГ + Гб. В отличие от веществ πQ1983 и πQ2116, вещество πQ2721 на моделях острой 
гипоксии с  гиперкапнией и  острой гипобарической гипоксии обеспечивает отчетливое дозозависимое прекондицио-
нирующее действие, в значительной степени повышая толерантность животных к дефициту кислорода. Прекондицио
нирующий эффект металлокомплексных соединений наиболее эффективно осуществляется при развитии сопутству-
ющей гипотермии, что может быть использовано в  качестве индикатора в  целенаправленном поиске новых агентов  
для фармакологического прекондиционирования.

Ключевые слова: острая экзогенная гипоксия; фармакологическое прекондиционирование; комплексные соединения 
металлов; мыши.
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BACKGROUND
Acute hypoxic preconditioning is a method of periodic 

exposure of the body, tissues, or organs to hypoxia- or 
ischemia-inducing factors, followed by restoration of circu-
lation and oxygenation to develop tolerance to severe pro-
longed hypoxia (ischemia).

The terms “preconditioning” and “tolerance” were first 
introduced by Janoff in 1964 [1]. In the late 20th century, 
Marry et al. [2] demonstrated on myocardial tissue that mul-
tiple brief episodes of ischemia can protect living tissues 
from subsequent prolonged ischemic damage, a phenom-
enon termed “ischemic preconditioning”. Shortly thereafter, 
evidence emerged regarding hypoxic/ischemic tolerance in 
the brain [1, 2]. Current research has elucidated the mecha-
nisms of cerebral ischemic preconditioning using in  vivo  
and in vitro models [3, 5–8].

Since some pharmacological agents exert a hypoxia-
like effect as part of their primary or adverse effects (act-
ing as hypoxia mimetics), attempts have been made to 
achieve preconditioning through the administration of 
various chemical agents. It has been established that 
pro-hypoxic effects are often exhibited by metal com-
pounds — transition metal salts with various structural com-
plexities, including zinc, nickel, cobalt, iron, chromium, and  
others [9, 10].

This led to the concept of using zinc- and nickel-con-
taining metal compounds as pharmacological preconditioning 
agents.

The aim of this study was to assess the potential of spe-
cific metal complexes as pharmacological agents for acute 
exogenous hypoxiс preconditioning in an experimental  
setting.

METHODS
The experiments were conducted on 140 male CBF1 mice 

weighing 20–25  g. Acute exogenous hypoxia was simulat-
ed using two methods: by placing animals in an enclosed 
space to induce acute hypoxia and hypercapnia (AH+Hc), and 
by simulating the high-altitude environment to induce acute 
hypobaric hypoxia (AH+Hb). In both cases, the mice were 
placed in 0.25 L glass containers (pharmaceutical glass stop-
pered jars [shtanglas]). For AH+Hc modeling, after sealing 
the containers, mice’s tolerance to hypoxia and hypercapnia 

was evaluated by measuring survival time [11]. AH+Hb was 
modeled using an original method [12] involving gradual 
pressure reduction in the container controlled by a pres-
sure sensor, simulating ascent to 10,000 m (“lethal altitude”) 
at 50 m/s. Mice’s tolerance to acute hypobaric hypoxia was 
evaluated by measuring survival time at the lethal altitude. 
Animal death in both models was determined at the onset 
of the second agonal gasp.

For 7 days prior to the induction of acute exogenous hy-
poxia, the mice received daily single intraperitoneal injections 
of metal complexes πQ1983, πQ2116, and πQ2721, previously 
shown to have antihypoxic effects [13, 14]. Their presumed 
mechanism of action involves suppression of energy metabo-
lism, indirectly supported by their ability to induce significant 
hypothermic effects within 20–30 minutes post-administra-
tion (Table 1).

According to the selected models of acute exogenous hy-
poxia, the studied compounds, and their dosages, the mice 
were divided into 20 groups of 7 animals each. Thus, for each 
hypoxia modeling method, 1 control group (CG) and 9 experi-
mental groups (EGs) were formed.

Mice in the EGs received intraperitoneal injections of the 
compounds at 10:00 daily at doses of 10, 25, and 40 mg/kg, 
previously dissolved in 0.3 mL of sodium chloride solution. 
Mice in the CG received sham injections of 0.9% NaCl (physi-
ological saline) in the same volume and according to the 
same schedule. At 10:00 on day 8, the animals were exposed  
to modelled acute exogenous hypoxia to assess the precon-
ditioning effect.

The effect of the metal complexes on thermogenic 
processes in mice was evaluated by measuring rectal 
temperature. Measurements were taken twice daily: im-
mediately before compound administration (first mea-
surement) and 60  minutes post-injection (second mea-
surement) using a TM-902C electric thermometer (S-Line,  
China).

Statistical analysis was performed using methods 
of variational statistics [15] with Microsoft Excel 2024 and 
Statistica  10 software packages. Quantitative assessment 
of parameter typicalness was determined by median. Vari-
ation was evaluated using lower and upper quartiles, as 
well as interquartile range. Due to the small sample size, 
normality testing was not feasible. Differences between 
compared values were considered statistically significant  
at p < 0.05.

Table 1. General characteristics of the investigated metal complexes

Code Metall Ligand L1 Ligand L2 Base

πQ1983 Zn(II) 3-Hydroxy-2-ethyl-5-methylpyridine No Dibenzyl diselenide

πQ2116 Ni(II) 4-Hydroxycoumarin No Water

πQ2721 Zn(II) Diselenodipropionic acid Acetic acid No
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RESULTS
In the CG, rectal temperature fluctuations before and 

after sham injections were statistically indistinguishable, 
whereas in the EGs, rectal temperature in animals de-
creased to varying degrees after each administration of 
metal complexes, particularly at doses of 25 and 40 mg/kg, 
but generally returned to baseline on the following day  
(Figs. 1 and 2).

Analysis of temperature curves over 8  days revealed 
that the hypothermic effect of the zinc-containing compound 
πQ1983 was largely dose-independent and significantly di-
minished by the end of the observation period. Comparing 
these findings with first measurement results from days 1–4, 
this may indicate the development of tolerance to this metal 
complex (Fig.  1). Second measurements showed that the 
maximum reduction in rectal temperature with πQ1983 
was after its administration at doses of 10  mg/kg (day  6) 
and 25  mg/kg (day  4), decreasing from 37 °C to 34.8 °C,  
i. e. by ~2.2 °C.

Tolerance to the preconditioning agent was also observed 
following the administration of πQ2116 and πQ2721 at a dose 
of 10  mg/kg (Fig.  2). In these experiments, the maximum 
hypothermic effect reached only 1.6 °C (p > 0.05) for πQ2116 
and 2.1 °C (p < 0.05)  for πQ2721, comparable to the effect 
after the administration of πQ1983 at the same dose. How-
ever, at doses of 25 and 40  mg/kg, these two metal com-
plexes induced significant hypothermia. At 25 mg/kg, πQ2116 
reduced rectal temperature in mice from 36.8 °C to 34.3 °C 
(day 6), whereas at 40 mg/kg, it decreased from 37.0 °C to 
30.7 °C (day 4), i. e. by 6.6 °C (p < 0.001). Given the trend line 
of the first measurements, no tolerance developed to πQ2721 
administered at 40 mg/kg, which can be considered a posi-
tive indicator of the potential for preconditioning tolerance to 
acute hypoxia in mice.

As shown in Table 2, by day 7 of observation, the hypo-
thermic effect according to the first measurements was most 
pronounced after the administration of the zinc-containing 
compound πQ2721 at 40 mg/kg (−3.7 °C, p < 0.005), enhanc-
ing its prospects among other compounds and suggesting 
this metal complex potential preconditioning effect against 
acute hypoxia. Even at 25  mg/kg, this compound demon-
strated a statistically significant rectal temperature reduction  
of 1.5 °C (p < 0.05).

Based on the findings, it appeared logical to make an-
other assumption regarding the preconditioning effect of 
the nickel-containing compound πQ2116, which reduced the 
rectal temperature of the mice by 2.5 °C (p < 0.05) on day 7 
of the experiment at a dose of 25  mg/kg. However, at the 
maximum of the studied doses (40 mg/kg), this metal com-
plex did not produce a statistically significant change in rectal 
temperature.

The second stage of the study examined mice tolerance 
to acute exogenous hypoxia after 7-day pharmacological 
preconditioning (Figs. 3, 4).

As shown in Fig. 3, under AH+Hc conditions, of the three 
compounds examined, only πQ2721 (excluding the 10 mg/kg 
dose) demonstrated a statistically significant preconditioning 
effect. After 7  days of administration at 25 and 40  mg/kg, 
animal survival time increased by 56.5% and 82.6%, respec-
tively (p < 0.005).

The effects of metal complexes πQ1983, πQ2116, and 
πQ2721 on mice tolerance to acute hypobaric hypoxia (AH+Hb) 
are shown in Fig. 4. It can be concluded that all compounds 
statistically significantly extended the survival time of the 
animals at an altitude of 10,000  m (lethal altitude). Even 
at 10 mg/kg doses, their protective effect exceeded control 
group indicators by at least twofold. The most substan-
tial changes were observed with πQ2721, which increased 
mice tolerance to AH+Hb by 3.5- and 4.6-fold at doses of 
25 and 40  mg/kg, respectively (p < 0.001), and by 2.4-fold  
at 10 mg/kg.

πQ2721 ranked second by the level of antihypoxic activity 
in these experiments. Unfortunately, unlike πQ2721, the metal 
complexes πQ2116 and πQ1983 exerted their protective ef-
fects in a dose-independent manner, which is unlikely to be 
considered their advantages.

DISCUSSION
According to modern scientific concepts, ischemic/hypoxic 

tolerance in living tissue induced by ischemic preconditioning 
involves two sequential phases: an early phase (development 
of tolerance) and a late phase (establishment of tolerance) 
[3, 7, 8, 16]. The first phase is characterized by rapid cellular 
changes (minutes to hours), including activation of protein 
kinases, proteases, conformational changes in ion channel 
structures, membrane and cytosolic receptors, redox-sensi-
tive molecules, and possibly changes in gene expression to 
a lesser extent. The second phase (after 24 hours) involves 
later mechanisms of tolerance formation, manifested through 
genome activation followed by vigorous synthesis of proteins 
essential for cell survival under conditions of progressing 
acute ischemia and hypoxia.

In the described experiments, pharmacological precon-
ditioning agents were chemical compounds capable of rap-
idly (15–30  minutes) reducing body temperature in healthy 
animals (mice, rats, cats) via various administration routes. 
This effect can only be achieved through active suppres-
sion (inhibition) of energy production in the body, primar-
ily in skeletal muscle cells [17]. It is well-known that the 
sole method for rapid reduction of cellular energy charge 
involves using mitochondrial bioenergetic function inhibi-
tors, accompanied by decreased ATP production. Essen-
tially, this implements an effect described as pro-hypoxic 
[18, 19]. The pro-hypoxic effects of chemical compounds 
most commonly involve mechanisms that induce hemic or 
histotoxic hypoxia, collectively termed “chemical hypoxia”  
in the literature [10].
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Fig. 1. Rectal temperature patterns in combined control groups (n = 14) and during preconditioning with πQ1983.

Fig. 2. Rectal temperature patterns during preconditioning with πQ2116 and πQ2721.
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Fig. 3. Tolerance of mice to acute hypoxia and hypercapnia after 7-day preconditioning with 
metal complexes.

Fig. 4. Tolerance of mice to acute hypobaric hypoxia after 7-day preconditioning with metal  
complexes.

Table 2. Rectal temperature variations in mice on days 7 and 8 after preconditioning with metal complexes

Code
of the compound

Dose,  
mg/kg

Temeperature
on day 7,

first measurement, °С

Temeperature
on day 7,

second measurement, °С

Temeperature
on day 8, °С

Control group
(n = 14)

– 36.86 (36.83; 37.83) 36.36 (36.5; 37.5) 37.0 (36.0; 37.5)

10 (n = 14) 37.0 (36.5; 37.0) 35.0 (34.5; 35.5) 36.5 (36.0; 36.75)

πQ1983 25 (n = 14) 36.92 (36.5; 38.0) 35.42 (34.0; 36.5) 36.42 (35.5; 37.5)

40 (n = 14) 36.83 (36.5; 37.0) 36.0 (35.5; 36.5) 36.67 (36.5; 37.5)

10 (n = 14) 35.5 (35.0; 36.0) 36.5 (36.0; 37.0) 36.5 (36.25; 37.25)

πQ2116 25 (n = 14) 37.2 (34.0; 35.0) 34.7 (34.03; 36.92) 36.7 (35.5; 38.0)

40 (n = 14) 36.67 (36.0; 37.0) 35.83 (35.0; 36.5) 36.33 (35.5; 38.0)

10 (n = 14) 36.75 (36.5; 37.0) 35.25 (35.0; 35.5) 35.75 (35.5; 36.0)

πQ2721 25 (n = 14) 37.33 (36.0; 38.0) 35.83 (35.0; 37.0) 36.83 (35.0; 38.0)

40 (n = 14) 36.0 (35.5; 36.5) 31.83 (26.5; 35.0) 35.5 (34.5; 36.5)
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Although there is no direct evidence of pro-hypoxic ef-
fects for the compounds πQ1983, πQ2116, and πQ2721, our 
experimental data on metal complexes as antihypoxants, 
combined with literature reports indicating that transition 
metal ions inhibit mitochondrial function [20], prompted 
an investigation into their preconditioning effects in mod-
els of acute exogenous hypoxia. Further justification for 
these experiments came from our earlier studies where 
the zinc-containing metal complex πQ1104 was shown via 
polarography to reversibly inhibit oxidative phosphorylation 
in mitochondria of neurons in the somatosensory cortex  
of cats [21].

Despite the experimentally confirmed antihypoxic ef-
fects of the tested metal complexes, only πQ2721 demon-
strated a preconditioning effect on the AH+Hc model after 
7  days of administration. This effect was observed starting 
at a dose of 25 mg/kg. The effect became more pronounced  
at a dose of 40 mg/kg.

At the same time, on the АH+Hb model, the precon-
ditioning effect was observed for all studied compounds, 
arranged in the order corresponding to the magnitude of 
this effect: πQ2721, πQ2116, and πQ1983. Thus, πQ2721 
again emerged as the leading compound. Despite the posi-
tive effects detected in πQ1983 and πQ2116, these metal 
complexes did not demonstrate dose-dependent effects at 
the final experimental stage. As for πQ2721, it provided a 
statistically significant increase in the preconditioning with 
dose escalation. The absence of dose-dependent action in 
πQ1983 and πQ2116 diminishes their prospects in terms 
of their potential use as pharmacological preconditioning  
agents.

Pharmacological preconditioning occurs only when 
a  chemical compound initiates a distinct hypothermic 
effect. The hypobaric model is rightfully considered 
the most sensitive for detecting protective effects dur-
ing acute hypoxia in animals, as it represents a “purer” 
form of oxygen deprivation compared to the hypercapnia, 
where carbon dioxide significantly influences the final  
outcome [22].

According to studies by Gavrilina [9] conducted on the 
AH+Hb model, cobalt and nickel chlorides provided the 
greatest preconditioning effect in mice among the tested 
compounds, demonstrating neuroprotective action and in-
ducing pronounced hypothermia. However, these experi-
ments did not investigate the dose-dependence of the ef-
fects of these compounds. The conclusion was drawn that 
hypothermia (direct or chemically mediated) is an essential 
component for successful initiation of pharmacological  
preconditioning.

Thus, based on our own data and literature analysis, we 
propose a hypothesis that the mechanisms of pharmacolog-
ical preconditioning induced by the metal complex πQ2721 
may involve two key factors. First, its ability to limit the rate 
of bioenergetic processes in body tissues, primarily in skele-
tal muscles and cerebral neurons. This effect likely enhances 

hypothermia by reducing the activity of neurons in the hy-
pothalamic chemical thermoregulation center responsible 
for heat production. Second, according to chemistry experts, 
transition metal ions such as cobalt, nickel, and others can 
replace iron ions in heme oxygen sensors and mitochondrial 
complex  III of the electron transport chain [10, 23]. Consid-
ering that the most active compound in our study, πQ2721, 
contains divalent zinc as the complexing metal, which does 
not change valence during biological reactions, its potential 
influence on oxygen sensors can be ruled out. However, it 
has been known since the 1960‑s that zinc ions in vitro, even 
at trace concentrations (10–6–10–5  M), effectively inhibit the 
mitochondrial respiratory chain by blocking the site between 
cytochromes  b and c1. Furthermore, the electron transport 
inhibition effect in the mitochondrial compartment may be 
enhanced through direct competitive interactions between 
Zn2+ and Fe2+ [20].

CONCLUSION
Among the three metal complexes—πQ1983, πQ2116, 

and πQ2721—studied in two models of acute exoge-
nous hypoxia in mice, all demonstrated the preconditio
ning effect, which was most pronounced under AH+Hb  
conditions.

Unlike the metal complexes πQ1983 (zinc  II) and πQ2116 
(nickel II), the compound πQ2721 (zinc II) exhibited a distinct 
dose-dependent preconditioning effect in the AH+Hc and 
AH+Hb models, thereby significantly enhancing the animals’ 
tolerance to oxygen deficiency.

The preconditioning effect of metal complexes is most 
pronounced in conjunction with hypothermia, which can serve 
as a valuable marker in the targeted search for novel phar-
macological agents for preconditioning.

ADDITIONAL INFORMATION
Authors contribution. O.A.  Mosin, A.E.  Belenky, D.V.  Stepanov, A.V.  Evse­
ev: writing—original draft, data analysis; A.V.  Evseev: writing—review & 
editing, conceptualization. All authors made substantial contributions to the 
conceptualization, investigation, and manuscript preparation, and reviewed 
and approved the final version prior to publication.
Competing interests. The authors declare that they have no competing 
interests.
Funding source. This study was not supported by any external sources of 
funding.
Ethical review. The study was approved by the Local Ethics Committee 
of Northern State Medical University (Minutes No. 76 dated March 23, 2024).
Statement of originality. The authors did not use previously published in-
formation (text, illustrations, data) to create this paper.
Data availability statement. Data generated in this study are available in 
the article.
Generative AI. Generative AI technologies were not used for this article 
creation.
Provenance and peer-review. This work was submitted to the journal 
on its own initiative and reviewed according to the standard procedure. 
Two external reviewers, and a  member of the editorial board participated  
in the review.



DOI: https://doi.org/10.17816/phbn677816

78
Оригинальное исследование 	 Том 16, № 2, 2025	 Психофармакология и биологическая наркология

ДОПОЛНИТЕЛЬНАЯ ИНФОРМАЦИЯ
Вклад авторов. О.А.  Мосин, А.Э.  Беленький, Д.В.  Степанов, А.В.  Евсе-
ев — написание статьи, анализ данных; А.В. Евсеев — редактирова-
ние статьи, разработка общей концепции. Все авторы внесли суще-
ственный вклад в  разработку концепции, проведение исследования 
и  подготовку статьи, прочли и  одобрили финальную версию перед  
публикацией.
Конфликт интересов. Авторы декларируют отсутствие явных и потен-
циальных конфликтов интересов, связанных с публикацией настоящей 
статьи.
Источник финансирования. Авторы заявляют об отсутствии внешнего 
финансирования при проведении исследования.

Этическая экспертиза. Рассмотрено и одобрено локальным этиче-
ским комитетом ФГБОУ ВО «СГМУ», протокол №76 от 23.03.2024 г.
Оригинальность. При создании настоящей работы авторы не ис-
пользовали ранее опубликованные сведения (текст, иллюстрации,  
данные).
Доступ к данным. Все данные, полученные в настоящем исследовании, 
доступны в статье.
Генеративный искусственный интеллект. При создании настоящей 
статьи технологии генеративного искусственного интеллекта не исполь-
зовали.
Рассмотрение и рецензирование. Настоящая работа подана в  жур-
нал в  инициативном порядке и  рассмотрена по обычной процедуре.  
В рецензировании участвовали два внешних рецензента и член редак-
ционной коллегии.

REFERENCES │СПИСОК ЛИТЕРАТУРЫ
1.	 Janoff A.  Alterations in lysosomes (intracellular en-
zymes) during shock; effects of preconditioning (tolerance) 
and protective drugs.  Int Anesthesiol Clin.  1964;2:251–269. 
doi: 10.1097/00004311-196402000-00008
2.	 Murry CE, Jennings RB, Reimer KA.  Precondition-
ing with ischemia: a  delay of lethal cell injury in ische
mic myocardium. Circulation. 1986;74(5):1124–1136.  
doi: 10.1161/01.CIR.74.5.1124
3.	 Kirino T, Tsujita Y, Tamura A. Induced tolerance to ischemia in ger-
bil hippocampal neurons. J Cereb Blood Flow Metab. 1991;11(2):299–
307. doi: 10.1097/00004647-200211000-00001
4.	 Kitagawa K, Matsumoto M, Tagaya M, et al.  “Ischemic toleran
ce” phenomenon found in the brain.  Brain Res.  1990;528(1):21–24.  
doi: 10.1111/j.1742-4658.2007.05890.x
5.	 Gidday JM, Perez-Pinzon MA, Zhang JH. Innate tolerance in the 
CNS: translational neuroprotection by pre- and post-conditioning. New 
York: Springer; 2013. 699 p. doi: 10.1016/0304-3940(94)90455-3
6.	 Obrenovitch TP.  Molecular physiology of preconditioning-in-
duced brain tolerance to ischemia. Physiol Rev. 2008;88(1):211–247. 
doi: 10.1152/physrev.00039.2006 EDN: MLDOXL
7.	 Shpargel KB, Jalabi W, Jin Y, et al.  Preconditioning paradigms 
and pathways in the brain. Cleve Clin J Med.  2008;75(S2):S77–S82. 
doi: 10.3949/ccjm.75.Suppl_2.S77 EDN: ROJBOT
8.	 Steiger H, Hänggi D. Ischaemic preconditioning of the brain, mech-
anisms and applications.  Acta Neurochir (Wien).  2007;149(1):1–10.  
doi: 10.1007/s00701-006-1057-1
9.	 Gavrilina TV.  Pharmacological mechanisms of neuroprotective 
effect of preconditioning in complete cerebral ischemia. [dissertation 
abstract]. Ulan-Ude; 2004. 22 p. (In Russ.) EDN: ZMVRIV
10.	Kostevich VA. Study of molecular mechanisms of lactoferrin anti-
hypoxic activity. [dissertation abstract]. Saint Petersburg; 2016. 107 p.
11.	Methodological Recommendations for experimental study of 
drugs proposed for clinical trials as anti-hypoxic agents. Lukyanova 
LD, editor. Moscow; 1990. 18 p.
12.	Evseev AV, Sosin DV, Tikhonov VG, Mosin OA. Device for modeling 
hypobaric hypoxia in mice. Rationalization Certificate No.1675. Regis-
tered by BRIZ of Smolensk State Medical University 05.06.24.
13.	Evseev AV, Belenky AE, Surmenyov DV, et al. New nickel-based 
metal complex compound and its effect on organism resistance 

to acute hypoxia.  Vestnik of the Smolensk State Medical Acad­
emy. 2022;21(4):5–13. doi: 10.37903/vsgma.2022.4.1 EDN: LKKDLW
14.	Evseev AV, Belenky AE, Surmenyov DV, et al.  II-valent metals 
complex compounds and prospects of the acute hypoxia protec-
tion. Review Clinical Pharmacology Drug Therapy. 2019;17(1):53–56. 
doi: 10.7816/RCF17153-56 EDN: UQEVKA
15.	Medik VA, Tokmachev MS, Fishman BB.  Statistics in Medicine 
and Biology. Vol 1.  Moscow: Meditsina; 2000. 412  p. (In Russ.) 
EDN: YLMAUP
16.	Stenzel-Poore MP, Stevens SL, King JS, Simon RP. Precondition-
ing reprograms the response to ischemic injury and primes the emer-
gence of unique endogenous neuroprotective phenotypes. Stroke. 
2007;38(S2):680–685. doi: 10.1161/01.STR.0000251444.56487.4c 
EDN: MEDDLB
17.	Samoylov AS, Ushakov IB, Sapetsky AO, et al.  Prospects 
for the use of artificial hibernation in the medicine of extreme 
situations. Medicine of Extreme Situations. 2017;59(1):78–88.  
EDN: YHCZDX
18.	Akhundov RA.  Hypoxia: strategy of pharmacological regula-
tion. Biomedicine. 2003;(1):12–17.
19.	Evseev AV, Surmenyov DV, Belenky EA, et al. Influence of redox-
active metal complexes on hypoxia markers in blood plasma. Vest­
nik of the Smolensk State Medical Academy.  2020;19(1):12–20. 
EDN: QEYCBW
20.	Chistyakov VV, Handel LY.  Mechanism of mitochondrial respi-
ratory chain inhibition by zinc ions.  Biochemistry.  1968;33(6):1200–
1209. (In Russ.)
21.	Sosin DV, Evseev AV, Pravdivtsev VA, Evseeva MA.  Inhibition of 
mitochondrion respirative activity as a  possible mechanism of the 
antihypoxant protective effect.  Journal of New Medical Technolo­
gies. 2012;19(4):47–51. EDN: PJTFWJ
22.	Rybnikova E, Samoilov M.  Current insights into the molecular 
mechanisms of hypoxic pre- and postconditioning using hypobaric 
hypoxia. Front Neurosci. 2015;9:388. doi: 10.3389/fnins.2015.00388 
EDN: VAKNGJ
23.	Goldberg MA, Dunning SP, Bunn HF.  Regulation of the eryth-
ropoietin gene: evidence that the oxygen sensor is a heme protein. 
Science. 1988;242(4884):1412–1415. doi: 10.1126/science.2849206 
EDN: IDZKCB

https://doi.org/10.1097/00004311-196402000-00008
https://doi.org/10.1161/01.CIR.74.5.1124
https://doi.org/10.1097/00004647-200211000-00001
https://doi.org/10.1111/j.1742-4658.2007.05890.x
https://doi.org/10.1016/0304-3940(94)90455-3
https://doi.org/10.1152/physrev.00039.2006
https://elibrary.ru/mldoxl
https://doi.org/10.3949/ccjm.75.Suppl_2.S77
https://elibrary.ru/rojbot
https://doi.org/10.1007/s00701-006-1057-1
https://elibrary.ru/zmvriv
https://doi.org/10.37903/vsgma.2022.4.1
https://elibrary.ru/lkkdlw
https://doi.org/10.7816/RCF17153-56
https://elibrary.ru/uqevka
https://elibrary.ru/ylmaup
https://doi.org/10.1161/01.STR.0000251444.56487.4c
https://elibrary.ru/meddlb
https://elibrary.ru/yhczdx
https://elibrary.ru/qeycbw
https://elibrary.ru/pjtfwj
https://doi.org/10.3389/fnins.2015.00388
https://elibrary.ru/vakngj
https://doi.org/10.1126/science.2849206
https://elibrary.ru/idzkcb


DOI: https://doi.org/10.17816/phbn677816

79
Original study article	 Vol. 16 (2) 2025	 Psychopharmacology and biological narcology

AUTHORS INFO	 ОБ АВТОРАХ
*Oleg A. Mosin, graduate student;  
Smolensk State Medical University;  
address: 28, Krupskaya str., Smolensk, 214019, Russia;  
ORCID: 0009-0001-4427-6194; eLibrary SPIN: 3551-2205;  
e-mail: oleg2000mosin@yandex.ru

*Олег Алексеевич Мосин, аспирант;  
Смоленский государственный медицинский университет; 
адрес: Россия, 214019, Смоленск, ул. Крупской, д. 28;  
ORCID: 0009-0001-4427-6194; eLibrary SPIN: 3551-2205;  
e-mail: oleg2000mosin@yandex.ru

Albert E. Belenky, applicant;  
ORCID: 0000-0003-3014-8738; eLibrary SPIN: 9333-8230;  
e-mail: belenky1967@yandex.ru

Альберт Эдуардович Беленький, соискатель;  
ORCID: 0000-0003-3014-8738; eLibrary SPIN: 9333-8230;  
e-mail: belenky1967@yandex.ru

Dmitry V. Stepanov, Senior Lecturer;  
ORCID: 0000-0003-2383-4166; eLibrary SPIN: 3331-1682;  
e-mail: step1751@mail.ru

Дмитрий Владимирович Степанов, старший преподаватель; 
ORCID: 0000-0003-2383-4166; eLibrary SPIN: 3331-1682;  
e-mail: step1751@mail.ru

Andrey V. Evseev, Dr. Sci. (Physiology, Pharmacology), Professor; 
ORCID: 0000-0001-7296-8502; eLibrary SPIN: 9095-8712;  
e-mail: hypoxia@yandex.ru

Андрей Викторович Евсеев, д-р мед. наук, профессор;  
ORCID: 0000-0001-7296-8502; eLibrary SPIN: 9095-8712;  
e-mail: hypoxia@yandex.ru.

* Corresponding author / Автор, ответственный за переписку

https://orcid.org/0009-0001-4427-6194
https://www.elibrary.ru/author_profile.asp?spin=3551-2205
mailto:oleg2000mosin@yandex.ru
https://orcid.org/0009-0001-4427-6194
https://www.elibrary.ru/author_profile.asp?spin=3551-2205
mailto:oleg2000mosin@yandex.ru
https://orcid.org/0000-0003-3014-8738
https://www.elibrary.ru/author_profile.asp?spin=9333-8230
mailto:belenky1967@yandex.ru
https://orcid.org/0000-0003-3014-8738
https://www.elibrary.ru/author_profile.asp?spin=9333-8230
mailto:belenky1967@yandex.ru
https://orcid.org/0000-0003-2383-4166
https://www.elibrary.ru/author_profile.asp?spin=3331-1682
mailto:step1751@mail.ru
https://orcid.org/0000-0003-2383-4166
https://www.elibrary.ru/author_profile.asp?spin=3331-1682
mailto:step1751@mail.ru
https://orcid.org/0000-0001-7296-8502
https://www.elibrary.ru/author_profile.asp?spin=9095-8712
mailto:hypoxia@yandex.ru
https://orcid.org/0000-0001-7296-8502
https://www.elibrary.ru/author_profile.asp?spin=9095-8712
mailto:hypoxia@yandex.ru

	Psychopharmacology  and biological  narcology
	Психофармакология и биологическая  наркология
	Exploring Novel Pharmacological Approaches  to Acute Hypoxic Preconditioning
	Abstract

	Поиск новых путей для фармакологического прекондиционирования к острой гипоксии
	Аннотация
	Как цитировать
	BACKGROUND
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	Additional information
	Дополнительная информация
	REFERENCES │СПИСОК ЛИТЕРАТУРЫ
	AUTHORS INFO	ОБ АВТОРАХ

	Hippocampal Metabolism of Biogenic Metals  and Selenium in Patients  With Chronic Manganese Intoxication
	Abstract
	For citation

	Об особенностях обмена  биогенных металлов и селена в гиппокампе при хроническом отравлении марганцем
	Аннотация
	Как цитировать
	BACKGROUND
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	Additional information
	Дополнительная информация
	REFERENCES │СПИСОК ЛИТЕРАТУРЫ
	AUTHORS INFO	ОБ АВТОРАХ

	Риски гипогликемической фармакотерапии  у пожилых пациентов с неврологическими и психическими нарушениями
	Аннотация
	Как цитировать

	Risks Associated With Hypoglycemic  Pharmacotherapy in Elderly Patients  With Neurological and Psychiatric Disorders
	Abstract
	To cite this article
	ВВЕДЕНИЕ
	ВОЗРАСТНЫЕ ФУНКЦИОНАЛЬНЫЕ И СТРУКТУРНЫЕ ИЗМЕНЕНИЯ ЦЕНТРАЛЬНОЙ НЕРВНОЙ СИСТЕМЫ
	ФАРМАКОДИНАМИКА ГИПОГЛИКЕМИЧЕСКИХ СРЕДСТВ И ВОЗМОЖНЫЕ РИСКИ  ИХ ПРИМЕНЕНИЯ  У ГЕРИАТРИЧЕСКИХ ПАЦИЕНТОВ
	Бигуаниды
	Производные сульфонилмочевины (ПСМ)
	Тиазолидиндионы (глитазоны)
	Меглитиниды (глиниды)
	Агонисты глюкагоноподобного пептида-1 (ГПП-1)
	Ингибиторы дипептидилпептидазы-4  (иДПП-4, глиптины)
	Ингибиторы натрий-глюкозного котранспортера-2 (иНГЛТ-2, глифлозины)
	Ингибиторы α-глюкозидазы

	ВЫБОР ГИПОГЛИКЕМИЧЕСКИХ СРЕДСТВ ДЛЯ ГЕРИАТРИЧЕСКИХ ПАЦИЕНТОВ С НАРУШЕНИЯМИ ФУНКЦИИ центральной  нервной системы
	ПРИНЦИПЫ ФАРМАКОТЕРАПИИ САХАРНОГО ДИАБЕТА 2 ТИПА У ГЕРИАТРИЧЕСКИХ ПАЦИЕНТОВ
	ЗАКЛЮЧЕНИЕ
	Дополнительная информация
	Additional information
	СПИСОК ЛИТЕРАТУРЫ │REFERENCES
	ОБ АВТОРАХ	AUTHORS INFO

	Механизм купроптоза  в патогенезе болезни Паркинсона
	Аннотация
	Как цитировать

	Mechanism of Cuproptosis  in Pathogenesis of Parkinson’s disease
	Abstract
	ВВЕДЕНИЕ
	МЕДЬ И КУПРОПТОЗ
	МЕТАБОЛИЗМ МЕДИ
	МЕХАНИЗМЫ ТОКСИЧНОСТИ МЕДИ  И ОКИСЛИТЕЛЬНЫЙ СТРЕСС В ПАТОГЕНЕЗЕ  БОЛЕЗНИ ПАРКИНСОНА
	ОКИСЛЕНИЕ МЕДИ И ДОФАМИНА
	АГРЕГАЦИЯ α-СИНУКЛЕИНА ПОД ВЛИЯНИЕМ ИОНОВ МЕДИ
	ЦИРКАДНЫЕ РИТМЫ  И НЕМОТОРНЫЕ СИМПТОМЫ БОЛЕЗНИ ПАРКИСОНА
	ТРАНСПОРТ ИОНОВ МЕДИ:  КУПРОПТОЗ В АСТРОЦИТАХ
	НОВАЯ РОЛЬ СOД1  В ПАТОЛОГЕНЕЗЕ БОЛЕЗНИ ПАРКИНСОНА
	ИЗМЕНЕНИЕ ГОМЕОСТАЗА МЕДИ И ПАТОЛОГИЧЕСКИЕ ПОСЛЕДСТВИЯ ДИСБАЛАНСА
	СВЯЗЬ ТЕРАПИИ БОЛЕЗНИ ПАРКИНСОНА С РЕГУЛЯТОРНЫМ МЕХАНИЗМОМ КУПРОПТОЗА
	ЗАКЛЮЧЕНИЕ
	Дополнительная информация
	Additional information
	СПИСОК ЛИТЕРАТУРЫ │REFERENCES
	ОБ АВТОРАХ	AUTHORS INFO

	Кардиопротективное действие дексмедетомидина при кардиохирургических и некардиальных операциях в аспекте предупреждения  нейрогенной дистрофии миокарда
	Аннотация
	Как цитировать

	Cardioprotective Effect of Dexmedetomidine  for Prevention of Neurogenic Myocardial Dystrophy  in Cardiac and Non-Cardiac Surgical Patients
	Abstract
	ВВЕДЕНИЕ
	ДЕКСМЕДЕТОМИДИН КАК КАРДИОПРОТЕКТОР
	Раздражение  рефлексогенных зон  и его последствия
	Фармакологические препараты  симпатолитического  типа действия
	ЗАКЛЮЧЕНИЕ
	Дополнительная информация
	Additional information
	СПИСОК ЛИТЕРАТУРЫ │REFERENCES
	ОБ АВТОРАХ	AUTHORS INFO

	Комментарии к использованию  статистических критериев  в экспериментальных исследованиях в фармакологии
	Аннотация
	Как цитировать

	Commentary on the Use of Statistical Tests in Experimental Pharmacological Studies
	Abstract
	ВВЕДЕНИЕ
	РАСЧЕТ РАЗМЕРА ВЫБОРКИ
	ПРОВЕРКА МАССИВА ДАННЫХ НА СООТВЕТСТВИЕ НОРМАЛЬНОМУ РАСПРЕДЕЛЕНИЮ
	АНАЛИЗ ПАРНЫХ НАБЛЮДЕНИЙ
	МНОЖЕСТВЕННОЕ СРАВНЕНИЕ
	ОПИСАТЕЛЬНАЯ СТАТИСТИКА И ПРЕДСТАВЛЕНИЕ ДАННЫХ
	КАТЕГОРИАЛЬНЫЕ ДАННЫЕ
	ПРОГРАММЫ ДЛЯ РАСЧЕТА СТАТИСТИЧЕСКИХ КРИТЕРИЕВ
	Дополнительная информация
	Additional information
	ОБ АВТОРАХ	AUTHORS INFO
	СПИСОК ЛИТЕРАТУРЫ │REFERENCES

	Лидер Санкт-Петербургских фармакологов  профессор Петр Дмитриевич Шабанов  (к 70-летию со дня рождения)
	Аннотация
	Как цитировать

	Professor Petr D. Shabanov:  A Celebrated Leader in St. Petersburg Pharmacology  (on His 70th Anniversary)
	Abstract
	For citation
	Список монографий и руководств П.Д. Шабанова, опубликованных в 1986–2025 гг.
	Дополнительная информация
	Additional information
	ОБ АВТОРЕ	AUTHOR INFO
	СПИСОК ЛИТЕРАТУРЫ │REFERENCES



