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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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3. Submitted material must include a coverage of a topical subject, research methods, results,
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Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.
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method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

The study was carried out electrophysiological effects of
hydrocortisone for protection on the prelimbic cortex (PrL)
neurons in rats, particularly in response to high-frequency
stimulation (HFS) of the Caudate-Putamen nuclear complex
(CPu) on the models of Parkinson's disease (PD). The study
involved 19 rats of the Albino line, each weighing 250 gr.
The rats were divided into three experimental groups: intact,
rotenone model of Parkinson's disease (PD), and rats with PD
but treated with hydrocortisone for protection. Extracellular
recording was conducted to measure the impulse activity of
single neurons in the prelimbic cortex (PrL) particularly in
response to high-frequency stimulation (HFS) of the Caudate-
Putamen nuclear complex (CPu) on the models of PD and PD
treated with hydrocortisone for protection. In rats with the PD
model, there was a decrease in post-stimulus synaptic depressor
tetanic effects compared to the norm. This means that the
ability of synapses to depress their activity after stimulation
was reduced in PD. Conversely, excitatory effects increased
in PD rats compared to the norm. This indicates an increase
in the excitatory response of neurons in the PD model. When
hydrocortisone was applied in PD rats, the frequency of impulse
activity dropped sharply, even falling below the levels observed
in the normal condition. This indicates that hydrocortisone
treatment mitigated the heightened neural activity induced by
PD, possibly returning it to a more normal state. Overall, these
findings suggest that PD alters synaptic responses and neural
activity in the PrL, and hydrocortisone treatment seems to
reverse some of these effects.

Key words. Rotenone model of Parkinson's disease, activity
of single neurons, therapeutic strategies, prelimbic cortex,
Caudate-Putamen nuclear complex, hydrocortisone.

Introduction.

According to modern understanding, Parkinson's disease (PD)
is believed to be a consequence of the evolution of the human
brain [1]. While experimental damage to the dopaminergic
system in vertebrates, from fish to primates, leads to similar
motor symptoms as PD [2], parkinsonism is only found
in humans. The significant expansion of the human brain,
especially the neocortex, heavily loads subcortical structures,
leading to increased vulnerability to aging and genetic mutations
associated with PD. The human brain is approximately three
times larger, based on the relationship between brain weight
and body size, mainly concerning telencephalic structures [3].
The relative growth of the human brain cortex is associated
with the weakening of genetic control [4,5]. In other words,
PD is exclusively a human disease due to telencephalization
and, consequently, the bioenergetic and proteostatic burden on
subcortical neuromodulatory structures [6]. In this context, the
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hypothesis aligns closer to the cortical pathogenetic theory of
PD, suggesting that corticostriatal activity acts as a "stressor,"
parallel to the substantia nigra pars compacta (SN¢) and other
vulnerable structures [7]. There is also evolutionary justification
for other neurodegenerative processes unique to humans.
Alzheimer's disease, for instance, is considered the "flip side"
of the evolution of the human temporal lobe [8]. Furthermore,
dopaminergic denervation of the striatum contributes less to
disturbances in dynamic balance in PD due to dysfunction
of multi-neurotransmitter systems. Further research into
treatment methods targeting non-dopaminergic mechanisms is
necessary [9]. In addition to the commonly recognized focus on
dopaminergic cells, involvement of serotonergic, cholinergic,
and noradrenergic neurons originating from the brainstem or
basal ganglia (BG) has been demonstrated [10].

Corticostriatal connections play a central role in goal-directed
behavior involving motivation and cognition. BG are known
in association with motor functions and neuropathology
disrupting movement control (PD and Huntington's disease).
The functional concept of BG has changed significantly
over the last 40 years, from motor or sensorimotor to a more
complex one related to goal-directed behavior accompanied
by emotions, motivation, and cognition. In other words, BG
serve not only sensorimotor but also limbic and cognitive
functions. Particularly, ventral BG areas are associated with
reward and reinforcement of reflexes [11-13], while central
BG fields are involved in cognitive functions (learning and
working memory) [14]. Thus, BG are associated not only
with neurological disorders but also with psychiatric ones
(schizophrenia, addiction, depression, obsessive-compulsive
disorder) [15]. Afferent projections of the striatum derive
from three major sources: (i) massive and topographic input
from the cerebral cortex; (ii) from the thalamus; (iii) from the
brainstem, mainly dopaminergic cells. The dorsolateral striatum
receives cortical input from sensorimotor fields, the central
striatum from associative cortical fields, and the ventromedial
striatum from limbic cortical fields [16-19]. BG and the frontal
cortex jointly regulate behavior policy and execution of goal-
directed behaviors. They incite emotions and motivations while
cognition organizes and plans the overall strategy [15]. The
frontal cortex is subdivided into the orbital and medial (medial
prefrontal cortex - PFC), involved in emotions and motivation;
dorsolateral (dorsolateral PFC), involved in higher cognitive
processes or "executive functions"; premotor, involved in
various aspects of motor planning, and motor, involved in
executing these plans. Moreover, while the ventral striatum
(VS) is associated with emotion, the caudate nucleus (CN) with
cognition and the putamen (Putamen - P) with sensorimotor
function, there is no clear boundary between the functionally
unified ventral striatum (VS) and the dorsal striatum (DS). In

270



conclusion, prefrontal fields project mainly to VS, rostral CN
and P, while sensorimotor fields project more caudally, mainly
to P [15]. Moreover, goal-directed behavior results from a
combination of complex information processing involving the
entire frontal cortex [15]. Imaging studies in humans show that
activity in the lateral P is associated with repetitive and well-
trained movements that do not require cognitive effort, while
activity during learning sequential movements is in more anterior
striatal fields, including CN [15]. PrL — a subregion of mPFC,
receives numerous afferent projections from the hippocampus
and sends efferent projections to the amygdala [20,21], and PrL
neurons exhibit learning-induced plasticity [22-24]. CN and
P can be considered as perceiving "inputs" from the cerebral
cortex to BG. Finally, P and BG play an important role in PD
and other diseases involving neuronal degeneration [25].

The present study aims to investigate the balance of excitatory
and inhibitory responses of single neurons in the Prelimbic
cortex (PrL) upon stimulation of the Caudate-Putamen nuclei
(CPu), to assess the mechanisms of their impairment in a
Parkinson's disease (PD) model induced by unilateral Rotenone
injection and the success of protection by hydrocortisone.

Materials and Methods.

Electrophysiological studies were conducted on 19 Albino
rats (250g) in three experimental series: intact (n=7), on the
rotenone model of PD induced by unilateral rotenone injection
and sustained for 4 weeks before the experiment (n=7), under
hydrocortisone protection conditions (14 injections every other
day at a dose of 1.25 mg/kg, 0.1%) (n=5). Rotenone (12 pg in
0.5 pl dimethyl sulfoxide, at a rate of 1 pl/min) was administered
into the medial forebrain bundle under nembutal anesthesia (40
mg/kg, intraperitoneal), following stereotaxic atlas coordinates
(AP+0.2; L+1.8; DV+8 mm) [26]. The study was conducted
in accordance with the principles of the Basel Declaration and
the recommendations of the ARRIVE guidelines [27]. Skull
trepanation was performed from the bregma to the lambda, and
the dura mater was exposed. Glass microelectrodes with a tip
diameter of 1-2 pM, filled with 2M NaCl, were inserted into the
ipsilateral PrL according to stereotaxic coordinates (AP+2.52;
L+0.5; DV 3.7 mm) for extracellular recording of single neuron
spike activity. High-frequency stimulation (HFS) of CPu was
performed according to stereotaxic coordinates (AP—0.48,
L+£3.7, DV 4.2 mm) using rectangular pulses of current with a
duration of 0.05 ms, an amplitude of 0.12-0.18 mV, a current
strength of 0.32 mA, and a frequency of 100 Hz for 1 second.
Recordings were made on anesthetized animals (urethane 1.2 g/
kg intraperitoneal) fixed in the stereotaxic apparatus.

Activity was manifested as tetanic depression (TD) and tetanic
potentiation (TP) with subsequent post-tetanic potentiation
(PTP) and post-tetanic depression (PTD). A programmatic
mathematical analysis of spike activity of 330 neurons was
conducted. Activity manifestations were evaluated by online
registration using action potential (spike) selection through
amplitude discrimination. Peristimulus spike raster plots (PSSR
Average), histograms of spike sum, and diagrams of averaged
spike frequency (Frequency Average) were constructed.
Student's t-test was used, taking into account critical values
compared to those of normal distribution at significance levels
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of 0.05, 0.01, and 0.001 (for various trials), indicating that in
most cases, statistically significant changes in neuronal activity
during HFS reached at least the 0.05 level.

Results and Discussion.

We conducted extracellular registration of impulse activity of
individual PrL neurons under normal conditions (137 neurons,
n=7), on the PD model maintained for 4 weeks (118 neurons,
n=7), with hydrocortisone protection (75 neurons, n=5).

Under normal conditions, PrL neurons during CPu HFS
demonstrated tetanic depression in depressor effects with 2.4-
and 1.6-fold decreases in pre-stimulus activity, respectively
(Figure 2A, Groups A, B). Tetanic potentiation in excitatory
effects revealed within 1.40- and 1.22-fold increases over pre-
stimulus activity (Figure 2B, Groups A, B).
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Figure 1. Scheme of the experiment on stimulation of CPu and
recording from PrL. Stereotactic image of the recording zone of neural
activity - A, the stimulation zone - B and the characteristic action
potential - C.

On the PD model, PrL neuron tetanic depression was within
1.31- and 1.20-fold decreases in pre-stimulus activity (Figure
3A, Groups A, B), while tetanic potentiation showed 1.04-
and 1.12-fold increases over pre-stimulus activity (Figure 3B,
Groups A, B).

It is worth noting the presence of high background pre- and
post-stimulus activity, both in depressor and excitatory effects
of CPu neurons on the PD model, indicating the presence of
neurodegenerative processes. This apparently leads to actual
suppression of effects. Under the conditions of hydrocortisone
exposure on the PD model, in PrL neurons during CPu HFS, both
depressor reactions of tetanic depression reached, respectively,
2.00- and 1.50-fold decreases in pre-stimulus activity (Figure
4A, Groups A, B), while tetanic potentiation in both reactions
was within 1.00 and 1.50-fold increases over pre-stimulus
activity (Figure 4A and 4B, Groups A, B).

When assessing the degree of expression of depressor and
excitatory effects, the values of the average frequency of action
potentials were used. The obtained values are presented in the
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¢ - time tetanization) and after stimulation (M, - post event).

i - before event), at the time of
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- before event), at the time of

i - DOSE event).
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Figure 8. Percentage and degree of severity (according to the average frequency), TD PTD (4), TD PTP (B), TP PTP (C) and TP PTD (D)
poststimulus effects and frequencies of prestimulus (E-H) and poststimulus (I-L) activity, in the norm, on the rotenone model of PD and under

conditions of hydrocortisone protection.

form of disk diagrams in Figure 8 (based on Figures 5-7). In
the norm, in PrL neurons, the values of TD in depressor and
depressor-excitatory effects reached 1.43- and 1.51-fold
decreases (Figure 5; in Figures 8A & 8B). Tetanic potentiation
levels in excitatory and excitatory-depressor effects reached
1.50- and 1.40-fold increases (Figure 5; in Figures 8C & 8D),
compared to pre-stimulus activity levels. As can be seen, these
values differed little, indicating an actual balance of depressor
and excitatory manifestations of activity of the examined
neurons in the norm. On the PD model, in PrL neurons, TD
values in depressor and depressor-excitatory effects were 1.14-
and 1.11-fold decreases. TP values in excitatory and excitatory-
depressor effects were 1.12- and 1.12-fold increases. These
values also did not differ much from the norm in this type of
analysis, compared to the norm (TD - 1.43-, 1.51-fold decrease
and TP - 1.50- and 1.40-fold increase, respectively) (Figures 5
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and 6, in Figures 8 A-D). On the PD model, under conditions
of hydrocortisone protection, TD values in PrL neurons in
depressor and depressor-excitatory effects were within 2.22-
and 1.50-fold decreases, while TP levels showed 1.20- and
1.41-fold increases in activity (Figure 5, in Figures 8A-D). In
other words, the effects of tetanic depression and potentiation
showed a decrease in pathology, but also a sufficient increase
after the application of hydrocortisone, approaching the norm.
An interesting, moreover, more pronounced picture was
revealed when comparing the frequency of pre- and post-
stimulus impulse activity of PrL neurons during CPu HFS.
Pre-stimulus frequency in depressor effects under normal
conditions reached values of 17.72,20.07, and on the PD model
- 43.02, 47.08, respectively (Figures 5 and 6, in Figures 8E &
8F), and in excitatory effects under normal conditions - 18.30,
20.00 and in pathology - 44.17, 41.36, respectively (Figures 5



and 6, in Figures 8G & 8H).There was a significant increase
in frequency on the PD model, indicating increased excitability
of neurons in this nucleus. This is apparently associated with
pathological processes as a result of rotenone intoxication.
Under hydrocortisone protection, the pre-stimulus frequency in
PrL neurons in depressor effects was within 7.32, 4.80, and in
excitatory effects - 4.00 and 6.06. This was much lower than
similar indicators of depressor effects in pathology - 43.02,
47.08 and excitatory effects in pathology - 44.17 and 41.36.

Under normal conditions, pre-stimulus frequencies in
depressor effects were 17.72, 20.07, and in excitatory effects
- 18.30, 20.00 (Figures 5 and 6, in Figures 8E & 8H). In other
words, in pathology with protection, compared to pathology
without protection, the pre-stimulus frequency of PrL neurons
in depressor effects decreased by 5.88- and 9.81-fold, and
the frequency in excitatory effects decreased by 7.31- and
10.34-fold. Thus, under protection conditions, compared to
pathology, there was an obvious and significant decrease in pre-
stimulus frequency, indicating a sharp reduction in excessively
elevated toxic excitability, in favor of more than successful
hydrocortisone protection.

As for the post-stimulus frequency of impulse activity of PrL
neurons, under normal conditions, in depressor and excitatory
effects, it reached 12.40, 13.30 and 27.34, 28.02, respectively.
On the PD model - 37.78, 42.31 and 49.57, 46.54, respectively
(Figures 5 and 6, in Figures 8I-M). In other words, on the PD
model, the post-stimulus frequency, in depressor reactions,
significantly exceeded the frequency in the norm - 3.04- and
3.20-fold, and in excitatory ones - 2.01- and 1.66-fold.

Overall, there was a significant increase in post-stimulus
activity frequency, indicating increased excitability of pre-
limbic cortex neurons (Figures 2,3 & 5I-M). Furthermore,
under protection conditions, there was a sharp decrease in the
post-stimulus frequency of PrL neurons on the PD model, in
depressor effects - 11.45- and 13.20-fold, and in excitatory
effects - 7.01- and 8.26-fold (Figures 2-4 & 5 I-M).

In conclusion, a powerful hyperexcitability of neurons in
the pre-limbic cortex was identified on the PD model during
rotenone intoxication, which was equally effectively suppressed
by the application of hydrocortisone.

Excitotoxicity in neurodegenerative diseases, arising as a
compensatory reaction to the reduction in excitation due to neuron
death, damages neurons by their overactivation of glutamatergic
NMDA and AMPA receptors [28], thereby inducing apoptosis
of neurons and subsequent cell death [29, 30]. Excitotoxicity
is accompanied by disruption of calcium buffering, generation
of free radicals, activation of mitochondrial permeability, and
secondary excitotoxicity [31].

The aforementioned, according to the concept put forward in
a recently published report, indicates the necessity of deepening
depressor effects under conditions of neurodegeneration, which
carry a protective burden and reduce excessive excitatory
reactions [32].
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