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Abstract

The relevance of the work is due to the wide spread of cerebrovascular pathology and ischemic strokes among
the population. Most studies are devoted to the study of early brain damage in cerebral ischemia, while
insufficient attention has been paid to the mechanisms of adaptation and long-term brain disorders. At the same
time, delayed death of nerve cells in ischemia is not a predetermined and irreversible process, leaving
opportunities for therapeutic intervention. There is a need to search for new data on the molecular and cellular
mechanisms of damage development and compensatory processes in brain neurons in the dynamics of cerebral
ischemia of varying severity. At the same time, the activation of compensatory mechanisms will reduce the
severity of neurodegenerative disorders in the brain, increase the effectiveness of the treatment. An important
role in the development of neurodegeneration is played by protein aggregates, which can be localized in nerve
cells, in the intercellular space and cerebrospinal fluid. They are formed on the basis of damaged proteins, the
violation of the structure of which can be caused by hypoxic and nitrosative stress, inflammatory processes
provoked by ischemia, death of neurons. Therefore, an important role in preventing the development of
secondary brain damage after ischemia can be played by cellular systems responsible for protein homeostasis,
the protein synthesis apparatus, chaperones, the system of autophagy and elimination of damaged proteins
((ubiquitin, proteasome), as well as energy-intensive adaptation processes.
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The relevance of the project is due to the leading positions of cerebrovascular pathology in the structure of
morbidity and mortality around the world. Famously, ischemic processes underlie 85% of all brain strokes (Lau
et al., 2019; Esposito et al., 2021).

It is known that in cerebral hypoxia of ischemic genesis, such factors as energy deficiency, violation of
intracellular calcium homeostasis, aspatrate-, glutamate-, and GABAergic signal transduction, inflammation with
cytokine release and hyperproduction of oxygen radicals play an important role, which contributes to apoptosis
of neurons. At the morphological level, there is a violation of microcirculation: stasis, plasma impregnation and
necrobiotic changes in the walls of blood vessels of the brain, increased permeability, plasma output into the
pericapillary space, edema (Lee et al., 2018).

The key links in the pathogenesis of cerebral ischemia are an acute lack of oxygen supply to the brain, inhibition
of the aerobic and activation of the anaerobic glucose utilization pathway, changes in the acid-base state,
electrolyte balance disorders, oxidative stress, inflammation, excitotoxicity, apoptosis (Lee et al., 2018; Shin et
al., 2020).

Protein aggregates, which can accumulate in nerve cells, in the intercellular space, and even in the cerebrospinal
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fluid, play an important role in neurodegeneration (including after ischemia). Such aggregates can be formed on
the basis of denatured and damaged proteins, the violation of the structure of which can be caused by hypoxic
nitrosative stress, inflammatory processes provoked by ischemic stroke. Finally, the death of nerve cells leads to
the appearance of similar denatured proteins in the intercellular space, which are prone the formation of
cytotoxic aggregates.

In the context of secondary injuries after cerebral ischemia the proteostasis maintenance system is extremely
important. This system is based on three key components: chaperones, autophagy and proteolysis. At the same
time, chaperones take part in the modulation of autophagy and proteolysis, being a kind of master regulator of
the entire proteostasis system (Margulis et al., 2020). In general, it can be considered established that cerebral
ischemia causes activation of all proteostasis maintenance systems (D etre et al.,, 1997; Wang et al., 2018).
However, the published results allow us to speak only about short-term activation within a few days, while the
duration of the development of secondary damage can be months or more (Catanese et al., 2017).

One of the key elements of the proteostasis system and the chaperone system in particular is the heat shock
protein Hsp70 (heat shock protein 70 kDa, HSPA1A). Hsp70, prevents the formation of apoptosomes, binds
apoptosis-inducing factor AIF and pro-apoptosis protein Bim and inhibits the maturation of caspases 3 and 7
(Guo et al., 2020). The inflammatory response, usually accompanying cerebral ischemia, is also regulated by
Hsp70, which, through its association with TLR2, TLR4 and SREC receptors, is able to activate the innate
immune system and/or reduce the response to pro-inflammatory cytokines (Gong et al. 2009). Another
mechanism of action of Hsp70 is to protect cells from proteotoxic stress. On the one hand, Hsp70 is able to bind
mutant, improperly folded proteins and prevent their oligomerization and aggregation (Duncan et al., 2015), on
the other hand, if the native conformation of the protein cannot be restored, Hsp70 ensures their ubiquitinylation
(Fernandez-Fernandez et al., 2017).

Another important chaperone blocking apoptotic cascades is the Hsp90 protein. It is believed that Hsp90
prevents the formation of apoptosis by binding Apaf-1, which inhibits the polymerization of the latter and the
recruitment of caspase-9, necessary for the formation of apoptosis (Pandey et al., 2000).

In this regard, researchers have high hopes for the application of chemical inducers of heat shock proteins as
therapeutic agents in the treatment of neurodegenerative conditions. Compounds capable of causing the
accumulation of chaperones in cells have demonstrated their effectiveness in models of Parkinson’s disease
(Ekimova et al., 2018), Alzheimer’s disease (Chow et al., 2013) and many others. In the context of cerebral
ischemia, it was found that the administration of Hsp70 to rats on the eve of experimental ischemia contributes
to the survival of neurons both immediately after carotid artery ligation and in the medium term. Moreover, it
was shown that the purified drug Hsp70 can also be used as a therapeutic agent—intranasal administration of
Hsp70 after cerebral ischemia improved the behavioral and histological parameters of animal rehabilitation
(Shevtsov et al., 2014).

Despite the fact that in the world literature you can find about two dozen described various inducers of
chaperones with neuroprotective effect, at the moment only one drug, the mechanism of action of which is based
on the activation of the synthesis of chaperones, is used in the clinic. This is the drug Arimoclomol, which is
used for the treatment of a rare disease—Niemann-Pick disease (Kierkegaard et al., 2016). At the same time, this
drug has not yet been registered on the territory of Russia or on the territory of Belarus.

Summing up the above, most of the current studies are devoted to the study of the pathogenesis of early damage
caused by cerebral ischemia (Liu et al., 2020; Meng et al., 2020; Xia et al., 2020), while insufficient attention has
been paid to the mechanisms of long-term damage and compensation of the brain. At the same time, activation of
adaptive mechanisms in the brain, in our opinion, will increase the effectiveness of the therapy. There is a need
to search for new data on the molecular and cellular mechanisms of the development of degenerative and
compensatory processes in the brain with ischemia of varying severity, while developing effective ways of
neuroprotection. In addition, the processes of ischemic brain damage were evaluated on the basis of one of the
models of ischemia, usually simultaneous.

References

Catanese, L., Tarsia, J., and Fisher, M., (2017). Acute Ischemic Stroke Therapy Overview. Circ. Res., 120,
541-558. doi:10.1161/CIRCRESAHA.116.309278.

Chow, A. M., Tang, D. W. F., Hanif, A., and Brown, 1. R., (2013). Induction of heat shock proteins in cerebral
cortical cultures by celastrol. Cell Stress Chaperones, 18, 155-160. doi:10.1007/s12192-012-0364-0.

Detre, J. A., Zager, E. L., Alsop, D. C., Harris, V. A., and Welsh, F. A., (1997). Correlation of diffusion MRI and
heat shock protein in a rat embolic stroke model. J. Neurol Sci, 148, 163-169.
doi:10.1016/S0022-510X(97)05368-9.



JOURNAL OF INNOVATIONS IN MEDICAL RESEARCH MAY. 2023 VOL.2, NO.5

Ekimova, 1. V., Plaksina, D. V., Pastukhov, Y. F., Lapshina, K. V., Lazarev, V. F., Mikhaylova, E. R., et al., (2018).
New HSF1 inducer as a therapeutic agent in a rodent model of Parkinson’s disease. Exp. Neurol., 306.
doi:10.1016/j.expneurol.2018.04.012.

Esposito, E., Shekhtman, G., and Chen, P., (2021). Prevalence of spatial neglect post-stroke: A systematic review.
Ann. Phys. Rehabil. Med., 64. d0i:10.1016/J.REHAB.2020.10.010.

Fernandez-Fernandez, M. R., Gragera, M., Ochoa-Ibarrola, L., Quintana-Gallardo, L., and Valpuesta, J. M.,
(2017). Hsp70 — a master regulator in protein degradation. FEBS Lett, 591, 2648-2660.
doi:10.1002/1873-3468.12751.

Guo, Z., Song, T., Wang, Z., Lin, D., Cao, K., Liu, P., et al., (2020). The chaperone Hsp70 is a BH3 receptor
activated by the pro-apoptotic Bim to stabilize anti-apoptotic clients. J. Biol. Chem., 295, 12900-12909.
doi:10.1074/jbc.ral20.013364.

Kirkegaard, T., Gray, J., Priestman, D. A., Wallom, K. L., Atkins, J., Olsen, O. D., et al., (2016). Heat shock
protein-based therapy as a potential candidate for treating the sphingolipidoses. Sci. Transl. Med., 8.
doi:10.1126/SCITRANSLMED.AAD9823.

Lau, L. H., Lew, J., Borschmann, K., Thijs, V., and Ekinci, E. 1., (2019). Prevalence of diabetes and its effects on
stroke outcomes: A meta-analysis and literature review. J. Diabetes Investig.,, 10, 780-792.
doi:10.1111/JDI1.12932.

Lee, R. H. C., Lee, M. H. H., Wu, C. Y. C., Couto E Silva, A., Possoit, H. E., Hsieh, T. H., et al., (2018). Cerebral
ischemia and neuroregeneration. Neural Regen. Res., 13,373-385. doi:10.4103/1673-5374.228711.

Liu, S., Dai, Y., Zhou, C., and Zhu, T., (2020). Parecoxib exhibits anti-inflammatory and neuroprotective effects
in a rat model of transient global cerebral ischemia. J. Toxicol. Environ. Health. A., 83, 203-214.
doi:10.1080/15287394.2020.1745722.

Margulis, B., Tsimokha, A., Zubova, S., and Guzhova, 1., (2020). Molecular Chaperones and Proteolytic
Machineries Regulate Protein Homeostasis in Aging Cells. Cells, 9. doi:10.3390/cells9051308.

Meng, Q., Yang, G., Yang, Y., Ding, F., and Hu, F., (2020). Protective effects of histone deacetylase inhibition by
Scriptaid on brain injury in neonatal rat models of cerebral ischemia and hypoxia. Int. J. Clin. Exp. Pathol.,
13, 179. Available at: /pmc/articles/PMC7061803/ [Accessed May 23, 2022].

Pandey, P., Saleh, A., Nakazawa, A., Kumar, S., Srinivasula, S. M., Kumar, V., et al., (2000). Negative regulation
of cytochrome c-mediated oligomerization of Apaf-1 and activation of procaspase-9 by heat shock protein
90. EMBO J., 19, 4310-4322. doi:10.1093/emboj/19.16.4310.

Shevtsov, M. A., Nikolaev, B. P., Yakovleva, L. Y., Dobrodumov, A. V., Dayneko, A. S., Shmonin, A. A, et al.,
(2014). Neurotherapeutic activity of the recombinant heat shock protein Hsp70 in a model of focal cerebral
ischemia in rats. Drug Des. Devel. Ther., 8, 639-650. doi:10.2147/DDDT.S62024.

Shin, T. H., Lee, D. Y., Basith, S., Manavalan, B., Paik, M. J., Rybinnik, 1., et al., (2020). Metabolome Changes
in Cerebral Ischemia. Cells, 9. doi:10.3390/CELLS9071630.

Wang, P., Shao, B. Z., Deng, Z., Chen, S., Yue, Z., and Miao, C. Y., (2018). Autophagy in ischemic stroke. Prog.
Neurobiol., 163-164, 98-117. doi:10.1016/J.PNEUROBIO0.2018.01.001.

Xia, P., Zhang, F., Yuan, Y., Chen, C., Huang, Y., Li, L., et al., (2020). ALDH 2 conferred neuroprotection on
cerebral ischemic injury by alleviating mitochondria-related apoptosis through JNK/caspase-3 signing
pathway. Int. J. Biol. Sci., 16, 1303-1323. doi:10.7150/1JBS.38962.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).



