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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Parkinson disease (PD) is a common neurodegenerative 

condition. It affects the central nervous system, and it impairs 
cognitive processes, motor skills and other functions. The aim 
of this study was to determine the synaptic processes in medial 
Entorhinal cortex (mENT) under High frequency stimulation of 
Basolateral Amygdala on the model of Parkinson's disease under 
the influence of Hydrocortisone. Rotenone is involved in the 
degeneration of dopaminergic neurons. We investigated whether 
hydrocortison protects against rotenone-induced dopaminergic 
neurotoxicity in a rat model by in vivo electrical recording from 
medial Entorhinal cortex. Hydrocortison significantly improved 
electrical activity of neurons in the mENT of rotenone-induced 
PD model rats.

Key words. Parkinson's disease, synaptic processes, the 
entorhinal cortex, basolateral amygdala, hydrocortisone.
Introduction.

Parkinson’s disease (PD) is a common disease facing many 
older people across the world. It affects the central nervous 
system, and it impairs cognitive processes, motor skills and 
other functions.

In addition to the classic motor signs and symptoms, PD is 
characterized by neuropsychological and emotional deficits, 
including blunting of the emotional response. Both the 
neural basis of abnormal emotional behavior in PD and the 
physiological effects of dopaminergic therapy on the response 
of the amygdala, the central structure of emotion processing, 
were investigated. The results demonstrate an abnormal 
amygdala response in PD, which may underlie the emotional 
deficit that accompanies the disease. In addition, in accordance 
with the conclusions of experimental animal paradigms, the 
results provide in vivo evidence of the role of dopamine in 
modulating the response of the amygdala to sensory information 
in humans [1]. The amygdala undergoes serious pathological 
changes in PD. Although evidence suggests that the basolateral 
amygdala (BLA) and the dorsal hippocampus work together 
to influence spatial/contextual learning consolidation, the 
circuitry mechanism by which, BLA selectively modulates 
spatial/context memory consolidation is not clear. The medial 
entorhinal cortex (mENT) is a critical area in the hippocampus-
based system for processing spatial information. As an efferent 
target, BLA mENT is a candidate by which BLA influences the 
consolidation of such learning [2]. The mechanism by which the 

BLA affects spatial/context memory consolidation is unknown.
Rotenone is a naturally occurring toxin that inhibits complex 

I of the mitochondrial electron transport chain. Several 
epidemiological studies have shown an increased risk of 
Parkinson’s disease (PD) in individuals exposed chronically 
to rotenone, and it has received great attention for its ability 
to reproduce many critical features of PD in animal models. 
Laboratory studies of rotenone have repeatedly shown that 
it induces in vivo substantia nigra dopaminergic cell loss, a 
hallmark of PD neuropathology. Additionally, rotenone induces 
in vivo aggregation of α-synuclein, the major component of Lewy 
bodies and Lewy neurites found in the brain of PD patients and 
another hallmark of PD neuropathology. Some in vivo rotenone 
models also reproduce peripheral signs of PD, such as reduced 
intestinal motility and peripheral α-synuclein aggregation, 
both of which are thought to precede classical signs of PD in 
humans, such as cogwheel rigidity, bradykinesia, and resting 
tremor. Nevertheless, variability has been noted in cohorts of 
animals exposed to the same rotenone exposure regimen and 
also between cohorts exposed to similar doses of rotenone. Low 
doses, administered chronically, may reproduce PD symptoms 
and neuropathology more faithfully than excessively high doses, 
but overlap between toxicity and parkinsonian motor phenotypes 
makes it difficult to separate if behavior is examined in isolation. 
Rotenone degrades when exposed to light or water, and choice 
of vehicle may affect outcome. Rotenone is metabolized 
extensively in vivo, and choice of route of exposure influences 
greatly the dose used. However, male rodents may be capable of 
greater metabolism of rotenone, which could therefore reduce 
their total body exposure when compared with female rodents. 
The pharmacokinetics of rotenone has been studied extensively, 
over many decades. Here, we review these pharmacokinetics 
and models of PD using this important piscicide [3].

The toxicity of rotenone has been demonstrated in a number 
of in vitro [4] and in-vivo [5-7] studies. Furthermore, it has 
been demonstrated that when low doses of multiple exogenous 
factors are combined, synergistic neurotoxicity may occur. 
Rotenone's effect has been attributed to the inhibition of 
mitochondrial complex I [8], the release of NADPH oxidase-
derived superoxide from activated microglia [9] and possibly 
alteration of glutamate transmission [10].

As a result, novel therapies involving natural antioxidants 
and plant products/molecules with neuroprotective properties 
are being used as adjunctive therapy. Hydrocortisone is an 
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adrenocorticoid steroid with multiple mechanisms of action 
including anti-inflammatory activity, immunosuppressive 
properties and anti-proliferative actions.

Dysfunctional parkin due to mutations or post-translational 
modifications contributes to dopaminergic neurodegeneration 
in Parkinson’s disease (PD). Overexpression of parkin 
provides protection against cellular stresses and prevents 
dopamine cell loss in several PD animal models. Scientists 
performed an unbiased high-throughput luciferase screening 
to identify chemicals that can increase parkin expression. 
Among promising parkin inducers, hydrocortisone possessed 
the most favorable profiles including parkin induction ability, 
cell protection ability, and physicochemical property of 
absorption, distribution, metabolism, and excretion (ADME) 
without inducing endoplasmic reticulum stress. They found that 
hydrocortisone-induced parkin expression was accountable for 
cell protection against oxidative stress. Hydrocortisone-activated 
parkin expression was mediated by CREB pathway since gRNA 
to CREB abolished hydrocortisone’s ability to induce parkin. 
Finally, hydrocortisone treatment in mice increased brain parkin 
levels and prevented 6-hydroxy dopamine induced dopamine 
cell loss when assessed at 4 days after the toxin’s injection. 
Our results showed that hydrocortisone could stimulate 
parkin expression via CREB pathway, and the induced parkin 
expression was accountable for its neuroprotective effect. Since 
glucocorticoid is a physiological hormone, maintaining optimal 
levels of glucocorticoid might be a potential therapeutic or 
preventive strategy for Parkinson’s disease [11]. 

Most studies in PD animal models have focused on the 
motor features associated with dopamine depletion but still the 
molecular basis of PD and the molecular pathways of cell death 
remain unknown [12]. While cellular models have helped to 
identify specific events, in vivo animal models have simulated 
most, although not all, of the hallmarks of PD and are useful for 
testing new neuroprotective approaches.

The current study aims to determine the relationship of 
excitatory and depressor responses of single neurons during 
stimulation of BLA, Entorhinal cortex (ENT) of the brain, 
structures that control emotional memory, in order to assess 
the mechanisms of their defeat in a model of PD induced 
by unilateral administration of rotenone and the success of 
hydrocortisone protection in comparison with the norm.
Methods.

Experiments were performed on 9 rats of the Wistar Albino 
line (230±30 g). Rats were kept under typical conditions of 
the laboratory vivarium. The animals were provided with 
food and water ad libitum. The experimental protocol satisfied 
the provisions of European Communities Council Directive 
(2010/63/UE) and was approved by the Ethics Committee of 
Yerevan State Medical University after Mkhitar Heratsi.

Rotenone was purchased from Sigma Chemical Company (St. 
Louis, MO, USA).

Electrophysiological studies were performed in three 
experimental series: intact (n = 3), on a rotenone model of 
PD induced by unilateral administration of rotenone (2.5 mg/
kg/day) and aged up to the experiment of 4 weeks (n = 3), 
under conditions of adrenalectomy (ADX) with protection by 

hydrocrtisone (14 injections every other day at a dose of 1mg 
/1ml) (n=3). The introduction of rotenone was carried out under 
conditions of nembutal anesthesia (40 mg / kg, w/b, 12 μg in 0.5 
μl dimexide, at a rate of 1 μl/min) in the medial forebrain bundle 
at the coordinates of the stereotaxic atlas (AP+0.2; L±1.8; DV+8 
mm) [13]. The study was conducted in accordance with the 
principles of the Basel Declaration and the recommendations 
of the ARRIVE management [14]. In the stereotaxic apparatus, 
trepanation of the skull from bregma to lambda was performed 
and the dura mater was opened. Glass microelectrodes with a 
tip diameter of 1-2 μM, filled with 2M NaCl, were injected into 
the ENT according to stereotaxic coordinates (AP-5.4; L±6.5; 
DV+8.3 mm) for extracellular recording of spike activity of 
single neurons. High-frequency stimulation (HFS) of ipsilateral 
BLA was carried out by means of rectangular current shocks 
with a duration of 0.05 ms, an amplitude of 0.12–0.18 mV, a 
current of 0.32 mA and a frequency of 100 Hz for 1 second, 
according to stereotaxic coordinates (AP-2.76; L±1.5; DV+2.9 
mm) (Figure 1). Operations were performed on narcotic 
recorded in a stereotaxic apparatus. Activity was manifested in 
the form of TD and TP followed by PTP and PTD of different 
latency, severity and duration of animals (urethane 1.2g/kg iv). 
A software mathematical analysis of a single spike activity of 
261 neurons was carried out. Post-stimulus manifestations of 
activity were evaluated by on-line registration and software 
mathematical analysis, which allows the selection of spike-
megapixel discrimination with the derivation of "rasters" of 
peristimulus spiking of neurons, the construction of histograms 
of the sum and diagrams of the average frequency of spikes. 
Further, multi-level statistical processing was carried out 
separately for pre- and post-stimulus periods of time and the 
period of HFS. For the selected compared groups of neuronal 
activity spikes, as well as arbitrarily selected tests in a single 
neuron, summarized and averaged peristymulus (PETH 
Average) histograms and frequency histograms (Frequency 
Average) were constructed with the calculation of the average 
frequency of spikes. The analysis of the data obtained was 
carried out according to a specially developed algorithm that 
ensures the reliability of peristimulus changes in interspike 
intervals.

The homogeneity of the two independent samples was 
controlled by Student's t–criterion. In order to increase the 
statistical reliability of peristimulus changes in interspike 
intervals, the Wilcoxon-Mann-Whitney test was also used [15], 
as a nonparametric criterion that assesses the homogeneity of 
the independent two samples. Since the number of registered 
spikes was quite large (up to several hundred spikes in a 10-20 
second interval after the stimulus), a variation of this test was 
used - the z-test, which determines its asymptotic normality. 
Taking into account critical values in comparison with those of 
the normal distribution at significance levels of 0.05, 0.01 and 
0.001 (for various tests) shows that in most cases of spiking 
neuronal activity in HFS, a statistically significant change 
reached at least 0.05.
Results and Discussion.

Extracellular recording of spike activity of single ENT 
neurons was carried out in norm (56 neurons n = 3), on the 
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PD model under ADX (102 neurons, n = 3), with protection 
by hydrocortisone (103 neurons, n = 3), with exposure to 4 
weeks. Through analysis based on the average number of spikes 
(PETH), converted to interimpulse intervals and frequencies in 
Hz (Frequency Average), the following changes in neuronal 
activity were detected.

In ENT neurons on HFS BLA, tetanic depression in both 
sequences in norm determined by about 2.50- and 1.50-fold 
decreases in prestimulus activity, respectively (Figure 2A, 
Groups A, B). Tetanic potentiation, accompanied by post-
tetanic potentiation and depression, was detected in the range of 
1.33- and 1.75-fold excess of prestimulus activity (Figure 2B, 
Groups A, B). In ENT neurons in HFS BLA, tetanic depression 
in the PD model under ADX conditions was determined within 
1.43- and 1.57-fold decrease in prestimulus activity in both 
sequences, and tetanic potentiation was calculated on the order 
of 1.11 and 1.10-fold excess of prestimulus activity in the 
excitatory and excitatory-depressor sequence (Figures 3A, B, 
Group A, B). Tetanic potentiation, accompanied by post-tetanic 
potentiation and depression, was detected in the range of 1.33- 
and 1.75-fold excess of prestimulus activity (Figure 2B, Groups 
A, B). In ENT neurons in HFS BLA, tetanic depression in the 
PD model under ADX conditions was determined within 1.43- 
and 1.57-fold decrease in prestimulus activity in both sequences, 
and tetanic potentiation was calculated on the order of 1.11 
and 1.10-fold excess of prestimulus activity in the excitatory 
and excitatory-depressor sequence (Figures 3 A, B, Group A, 
B). This, apparently, can’t but lead to the actual suppression 
of both synaptic processes. Further, in ENT neurons in HFS 
BLA, under the conditions of hydrocortisone exposure, in both 
depressor sequences, tetanic depression reached a 1.66- and 
2.50-fold decrease in prestimulus activity, respectively (Figure 
4A, Groups A, B), and tetanic potentiation in both sequences 

was calculated on the order of 1.20 and 1.50 times the excess of 
prestimulus activity (Figure 4B, Group A, B). In other words, the 
protective effect of hydrocortisone is obvious, which exceeded 
the values of tetanic depression in both sequences. reaching 
1.66- and 2.50-fold (against 1.43- 1.57-fold in pathology).

The same applies to tetanic potentiation, which reached 1.20- 
and 1.50-fold excess against 1.11- and 1.10 times - in pathology. 
However, it is necessary to postpone the conclusion until their 
subsequent evaluation, taking into account the pre- and post-
stimulus frequency of impulse activity in these experimental 
conditions of distortion of post-stimulus synaptic effects, due to 
the excess of its frequency.

When assessing the relative severity of the above-mentioned 
depressor and excitatory effects, on the example of diagrams of 
the average frequency of spikes derived on the basis of raster 
of pre- and post-stimulus depressor and depressor-excitatory 
multidirectional manifestations of spike activity of ENT 
neurons in the norm, on a model of PD induced by rotenone, 
burdened with ADX, and under conditions of protection with 
hydrocortisone indicating the average digital values in real time 
20 seconds before and after stimulation, including HFS time, 
obtained values presented in the form of disk diagrams to more 
clearly represent the degree of severity in the frequency display 
(in % and digital display) of experimental data in Figure 8 
(based on Figures 5-7), which led to the following conclusion.

The values of tetanic depression in the depressor and depressor-
excitatory sequence and the levels of tetanic potentiation in the 
excitatory and excitatory-depressor sequence of ENT neurons 
on HFS BLA in norm reached 1.78- and 1.34-fold reduction 
(Figures 5 and 8A, B), 1.46- and 1.35-fold excess (Figures 5 
and 8C, D), compared with the prestimulus level of activity, 
respectively. As can be seen, these values differed little, which 
indicates the actual balance of depressor and excitatory post-

Figure 1. Scheme of the experiment on BLA stimulation and recoding from ENT. Stereotactic image of the stimulation zone - A, the point of 
recording of neuronal activity - B, and the characteristic action potential - C.



53

Figure 2. Average Perievent time histograms (РЕТН Average) and frequency histograms (Frequency Average) of depressor, depressor excitatory 
(А, C, Groups А, B) and excitatory, excitatory - depressor (B, D, Groups А, B) poststimulus manifestations of ENT neurons at HFS (100 Hz, 1 sec) 
BLA in norm (А, B). For groups the quantity of tests has been shown (tests).

Figure 3. Average Perievent time histograms (РЕТН Average) and frequency histograms (Frequency Average) of depressor, depressor excitatory 
(А, C, Groups А, B) and excitatory, excitatory - depressor (B, D, Groups А, B) poststimulus manifestations of ENT neurons at HFS (100 Hz, 1 sec) 
BLA on the model of PD in condition of ADX (A, B) For groups the quantity of tests has been shown (tests).
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Figure 4. Average Perievent time histograms (РЕТН Average) and frequency histograms (Frequency Average) of depressor, depressor excitatory 
(А, Groups А, B) and excitatory, excitatory – depressor (B, Groups А, B) poststimulus manifestations of ENT neurons at HFS (100 Hz, 1 sec) BLA 
in condition of hydrocortisone action. For groups the quantity of tests has been shown (tests).

Figure 5. А-D – histograms of sum spikes of pre- and post-stimulus tetanic depressor manifestations of activity TD PTD (А), in combination with 
post-tetanic excitatory – TD PTP (B), excitatory – TP PTP (C), accompanied by depressor TP PTD (D), of ENT neurons, evoked at HFS of BLA in 
norm in real time 20 sec (before and after stimulation). The raster of activity on A-D – the detailed analyses of arbitrarily elected single neurons 
from this group. Diagrams of frequency spikes, presented in histograms, with averaged values (М) for time intervals before (BE - before event), 
at the time being tetanization (TT - time tetanization) and after stimulation (PE - post event). To the right of the diagrams – quantity of tests (n).
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Figure 7. А-D – histograms of sum spikes of pre- and poststimulus tetanic depressor manifestations of activity TD PTD (А), in combination with 
posttetanic excitatory – TD PTP (B), excitatory – TP PTP (C), accompanied by depressor (D), of ENT neurons, evoked at HFS of BLA on the model 
of PD in condition of ADX with protection by hydrocortisone in real time 20 sec (before and after stimulation). The raster of activity on A-D – the 
detailed analyses of arbitrarily elected single neurons from this group. To the right of the diagrams – quantity of tests (n).

Figure 6. А-D – histograms of sum spikes of pre- and poststimulus tetanic depressor manifestations of activity TD PTD (А), in combination with 
posttetanic excitatory – TD PTP (B), excitatory – TP PTP (C), accompanied by depressor TP PTD (D), of ENT neurons, evoked at HFS of BLA 
on the model of PD in condition of ADX in real time 20 sec (before and after stimulation). The raster of activity on A-D – the detailed analyses of 
arbitrarily elected single neurons from this group. To the right of the diagrams – quantity of tests (n).
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stimulus manifestations of the activity of the studied neurons 
in the norm. The values of tetanic depression in the depressor 
and excitatory succession of ENT neurons on HFS BLA, in 
comparison with the prestimulus level of activity on the PD 
model under ADX conditions, differed significantly with this 
type of analysis, in comparison with the norm (1.32- and 1.21 
versus 1.78- and 1.34-fold, respectively) (Figures 5,6 and 8 
A-D), which will be discussed later with a different type of 
evaluation of the results.

In the ENT neurons on HFS BLA, the values of tetanic 
depression and the levels of tetanic potentiation in both post-
stimulus sequences on the PD model with ADX under the 
conditions of hydrocortisone protection were calculated in 
the range of 1.36- and 1.33-fold reduction and 1.38 and 1.37-
fold excess of prestymulus activity (Figures 5-7 and 8A-D). 
In other words, taking into account only the multiplicity of 
measurements of comparative indicators of these post-stimulus 
effects in pathology, in comparison with those in the conditions 
of protection, there were unexpressed shifts.

An interesting, in addition, more pronounced picture was 
found when comparing the frequency of pre- and post-stimulus 
activity of ENT neurons on HFS BLA under these experimental 
conditions. The predominant frequency of activity preceding the 
depressor effects in the norm and on the PD model with ADX 
reached multiples of 9.34, 7.40 and 22.58, 21.82, respectively 
(Figures 5,6 and 8E, F) and preceded by excitatory sequences in 
norm and pathology - 6.26, 10.36 and 21.44, 22.61, respectively 
(Figures 5, 6 and 8 E, F).

It is obvious that there is a significant excitotoxicity in the 
PD model, in comparison with the norm indicating pronounced 
neurodegeneration preceding both depressor and excitatory post-
stimulus effects (3.42- and 2.20-fold prevailing, respectively), 
which was to be expected.

The prestimulus frequency of activity in ENT neurons 
preceding depressor and excitatory sequences, under conditions 
of hydrocortisone protection, was calculated in the range of 
12.02, 10.74, 11.21 and 11.70, respectively, compared with 
9.34. 7.40, 6.26. 10.36 in norm and 22.58, 21.82, 21.44, 22.61 
in pathology without protection (Figures 5-7 and 8 E-H).

In other words, in pathology with protection, the prestimulus 
frequency of activity preceded by depressor post-stimulant 
effects decreased by 1.87-, 2.03-fold, and the one preceded by 
excitatory effects - 2.01-, 2.03-fold, with a real approximation to 
the norm. Thus, under the conditions of protection, in comparison 
with pathology, there was an obvious and significant decline in 
the prestimulus frequency preceded by depressor and excitatory 
post-stimulus effects, and therefore excessively overestimated 
toxic excitability, which clearly indicates in favor of protection 
by hydrocortisone, which is more than successfully coped with 
excitotoxicity.

As for the post-stimulus frequency of activity of ENT neurons, 
then normally, being accompanied by depressor and excitatory 
post-stimulant effects, it reached 5.25, 5.50, 9.14 and 14.001, 
and on the PD model with ADX - 17.08, 18.0, 27.01 and 27.01 
(Figures 5, 6 and 8 I-L). In other words, on the PD model with 
ADX, the post-stimulus frequency, accompanied by depressor 
reactions, significantly exceeded the norm of 3.25- and 3.28-

fold, and accompanied by excitatory - 2.88- and 2.03-fold, in 
pathology without protection. Thus, in general, there was a 
powerful increase in the frequency of post-stimulus activity, 
indicating again, as in the case of the prestimulus frequency, 
a huge excitotoxicity (Figures 5,6 and 8 I-L). Further, under 
protection conditions, there was a sharp decrease in the frequency 
of post-stimulus activity on the PD model, accompanied by 
depressor and excitatory activity (within 2.04-, 2.05 and 1.71-
, 1.67-fold, respectively) with an actual approximation to the 
norm of such, accompanied by depressor (8.80 and 8.08 vs. 
5.25 and 5.50) and excitatory (15.42 and 16.17 vs. 9.14 and 
14.00) (Figures 5-7 and 8 I-L). In conclusion, the PD model in 
condition of ADX revealed a powerful excitotoxicity, which the 
used protection with hydrocortisone successfully copes.

Excitotoxicity in neurodegenerative diseases, which occurs 
as a compensatory response to a decrease in excitation as a 
result of neuronal death, damages them by overactivation of 
glutamate NMDA and AMPA receptors [16], thereby causing 
neuronal apoptosis and subsequent death [17,18]. Excitotoxicity 
is accompanied by impaired calcium buffering, free radical 
generation, activation of mitochondrial permeability, and 
secondary excitotoxicity [19]. The noted, according to the 
concept put forward in a recently published report, indicates 
the need for deepening, in conditions of neurodegeneration, 
depressor effects that carry a protective load and reduce 
excessive excitatory reactions [20,21].
Conclusion.

In three series of experiments on 9 Albino rats (230±30g), an 
analysis of the impulse activity of 261 single neurons of the 
Entorhinal cortex (Entorhinal cortex - ENT) of the brain with 
high-frequency stimulation (HFS): baso-lateral amygdala 
(Basolateral amygdala - BLA) in norm (n = 3), on a rotenone 
model of Parkinson's disease (PD), induced by unilateral 
administration of rotenone and aged up to the experiment 4 
weeks (n = 3) and under ADX conditions with protection with 
hydrocortisone (n = 3). Based on the softvare mathematical 
analysis of the degree of severity of the average frequency of 
post-stimulus depressor and excitatory synaptic effects of ENT 
neurons, in comparison with the prestimulus level of activity, 
it was revealed. In the norm, a 1.78- and 1.34-fold decrease in 
depressor post-stimulus tetanic and post-tetanic synaptic effects 
and a 1.46- and 1.35-fold excess of such excitatory effects. I.e. 
actual balance. 

On the PD model with ADX, in comparison with the norm, the 
indicated levels of postsynaptic activity in this type of analysis 
reached 1.32-, 1.21-fold reduction and 1.23-. 1.20- a multiple 
excess of prestimulus activity, which at this level of analysis 
does not allow to objectively judge an important indicator of 
neurodegeneration - excitotoxicity, which will be discussed 
later. Under the conditions of hydrocortisone exposure, the 
values of tetanic depression and the levels of tetanic potentiation 
in both poststimulus sequences were calculated within 1.36-, 
1.33-fold reduction and 1.37-, 1.38-fold excess of prestimulus 
activity, with a certain tendency to approach the norm. In 
other words, taking into account only the multiplicity of 
measurements of comparative indicators of these post-stimulus 
effects in pathology, in comparison with those in the conditions 
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of protection, there were insignificant shifts. Analysis of the pre- 
and post-stimulus frequency of activity of ENT neurons on HFS 
BLA, preceded and accompanied by depressor and excitatory 
post-stimulus effects in pathology and with protection, 
revealed more pronounced changes. 	 The predominant 
frequency of activity preceding depressory and excitatory post-
stimulus effects in the PD model with ADX was 22.58-, 21.82-
fold reductions and 21.44 and 22.61 times higher, which, in 
comparison with the norm, indicates a significant excitotoxicity 
on the PD model with ADX. The prestimulus frequency of 
activity in ENT neurons preceding the depressor and excitatory 
sequences under conditions of hydrocortisone protection 
decreased to 12.02, 10.74- and 11.21, 11.70, respectively, with a 
real approximation to the norm, which clearly indicates in favor 
of protection, more than successfully coping with excitotoxicity. 
The post-stimulus frequency of ENT neurons in the PD model 
with ADX, accompanied by depressor and excitatory effects, 
also significantly exceeded the norm: 17.08, 18.03 and 26.33, 
27.01, respectively, i.e. 17.08-, 3.28- and 2.88-, 2.02-fold, 
respectively, which also indicates enormous excitotoxicity. 
Under the conditions of hydrocortisone protection on the PD 
model with ADX, there was a sharp decrease in the post-
stimulus frequency of activity of ENT neurons on HFS BLA, 
accompanied by depressor and excitatory activity (within 2.04-, 
2.05- and 1.71-, 1.67-fold) with an actual approximation to the 
norm of such, accompanied by depressor (8.80, 8.08 vs. 5.25 
5.50) and excitatory (15.42, 16.17 vs. 9.14, 14.00). 

Our study provides evidence for the therapy of Parkinson's 
disease as well as the underlying mechanism of Hydrocortison's 
neuroprotective activity. Given the intricacy of molecular and 
neurological systems, more research is needed to pinpoint the 
precise process.
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Соотношение возбуждающих и тормозных 
синаптических процессов в нейронах энторинальной 
коры головного мозга, активируемых базолатеральной 
амигдалой на модели болезни паркинсона, в условиях 
защиты гидрокортизоном
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Болезнь Паркинсона (БП) — распространенное 
нейродегенеративное заболевание. Она поражает 
центральную нервную систему и нарушает когнитивные 
процессы, двигательные навыки и другие функции. Целью 
данного исследования было определение синаптических 
процессов в медиальной энторинальной коре (mENT) 
при высокочастотной стимуляции базолатеральной 
миндалины на модели болезни Паркинсона под влиянием 
гидрокортизона. Ротенон участвует в дегенерации 
дофаминергических нейронов. Мы исследовали, 
защищает ли гидрокортизон от вызванной ротеноном 
дофаминергической нейротоксичности в модели крысы с 
помощью in vivo электрической регистрации из медиальной 
энторинальной коры. Гидрокортизон значительно улучшил 
электрическую активность нейронов в mENT у крыс с 
моделью БП, вызванной ротеноном.

Ключевые слова: болезнь Паркинсона, синаптические 
процессы, энторинальная кора, базолатеральная миндалина, 
гидрокортизон.

ამგზნები და ინჰიბიტორული სინაფსური პროცესების 
თანაფარდობა ენტორინალური ქერქის ნეირონებში, 
რომლებიც გააქტიურებულია ბაზოლატერალური 
ამიგდალით პარკინსონის დაავადების მოდელში, 
ჰიდროკორტიზონით დაცვის პირობებში.

ჰოვსეფიან ვ.ს., არაჯიან გ.მ.*, აბდულვააბ ალ-ჩაჩანი, 
მუშეღიან გ.ჰ., სარგსიანი ჯ., გაბრიელიან ი.გ.

პარკინსონის დაავადება (PD) არის გავრცელებული 
ნეიროდეგენერაციული დაავადება. ის გავლენას 
ახდენს ცენტრალურ ნერვულ სისტემაზე და აზიანებს 
კოგნიტურ პროცესებს, მოტორულ უნარებსა და 
სხვა ფუნქციებს. ამ კვლევის მიზანი იყო სინაფსური 
პროცესების დადგენა მედიალურ ენტორინალურ 
ქერქში (mENT) ბაზოლატერალური ამიგდალის 
მაღალი სიხშირის სტიმულაციის დროს პარკინსონის 
დაავადების მოდელში ჰიდროკორტიზონის გავლენის 
ქვეშ. როტენონი მონაწილეობს დოფამინერგული 
ნეირონების დეგენერაციაში. ჩვენ გამოვიკვლიეთ, იცავს 
თუ არა ჰიდროკორტიზონი როტენონით გამოწვეული 
დოფამინერგული ნეიროტოქსიურობისგან ვირთხების 
მოდელში, რომელიც იყენებს in vivo ელექტრო 
ჩანაწერებს მედიალური ენტორინალური ქერქიდან. 
ჰიდროკორტიზონმა მნიშვნელოვნად გააუმჯობესა 
ნეირონების ელექტრული აქტივობა მენტენტში 
ვირთხებში როტენონით გამოწვეული PD მოდელით.
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სინაფსური პროცესები, ენტორინალური ქერქი, 
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