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Annomayus. TIouck 1 U3ydeHne HOBBIX HEWPONPOTEKTOPHBIX CPEICTB SIBJISAETCS aKTyalbHOW 3amayeii Ouo-
MCEIULIMHCKUX HCCJ’IC}IOBaHHﬁ. BBI/II(y HHU3KOI'0 TPAHCIIAOUOHHOTO IMOTCHIHAaJIa PE3YJIbTAaTOB SKCIEPUMEHTAIIb-
HbBIX U JOKIIMHHUYCCKHUX HCCJ’IeZ[OBaHHﬁ, HCO6X0}11/IMI)I HOBBIC IMOAXOAbI JJIsI OLICHKU 3(b(beKTI/IBHOCTI/I HOBBIX CO-
CﬂHHCHHﬁ, OKa3bIBalOUX IOJOKUTEIIBHOE BJIUAHHE IIPU COCYAUCTBIX WKW TPaBMAaTHYCCKUX IOPAXKEHHUAX I'O-
JIOBHOTO Mo3ra. Meton dapmakosuiiedanorpadpun (hapmako-23I") — oguH 3 HEHPODHU3IUOIOTHICCKUX METO-
JIOB WCCJIEJIOBAHMS, KOTOPBIH MO3BOJSIET OLCHUBATh (DYHKIIMOHAILHOE COCTOSIHHUE TOJIOBHOIO MO3ra IO mMapa-
METpaM ero OMOIJIEKTPUYECKONW akTHBHOCTH. HecMOTpsi Ha HEOOXOAMMOCTh XHUPYPIrHYECKOTO BMEIIATEIbCTBA,
(apmaxo-D31" B SKCIIEpUMEHTANIBHON HelpoOHonoruy obnagaeT psaaoM NPerMyLIecTB 0 CPABHEHUIO C TPpaIu-
IIMOHHO HCIIOJIb3YEMBIMH IIOBEJCHYECKHMH TECTaMH, a TaKkKe OMOXMMHMYECKMMH WIM MOJEKYISIPHBIMU-
reHeTHYeCKHMMH MeToJaMu. B maHHOM 0030pe paccMaTpuBalOTCs MPUMEpHI HCIOIB30BaHU JTaHHOTO METOA AL
OLICHKH HEHPONPOTEKTOPHOM aKTHMBHOCTH JICKAPCTBEHHBIX CPEACTB HAa MOJENAX YEPEIHO-MO3TOBOH TPaBMBI U
HHCYJBTa y TPhI3yHOB. HO OCHOBaHMM pe3ynbTaTOB OMYOJIMKOBAHHBIX MCCIEAOBAHHN MOXKHO CIENATh BBIBO,
yro (papmaxo-O3I" sBIseTCA YyBCTBUTEIBHBIM METOJOM JUIA OLCHKH 3((EKTOB MpenapaToB Ha TeYEHHE IaTa-
JIOTMYECKUX MPOLECCOB IPH MOPAXKEHUH TOJOBHOI'O MO3Ta Yy KPBIC M MOXET PaccMaTpUBAThCA KaK MOJIE3HOE
JOTIOJIHEHUE K TPaJULIMOHHBIM SKCIIEPUMEHTAIBHBIM IIOAXO0AaM.
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Abstract. The search and study of new neuroprotective agents is an urgent task of biomedical research. Due
to the low translational potential of the results of experimental and preclinical studies, new approaches are need-
ed to evaluate the effectiveness of new compounds that have a positive effect on vascular or traumatic brain le-
sions. The method of pharmacoencephalography (pharmaco-EEG) is one of the neurophysiological research
methods that allows you to assess the functional state of the brain in terms of its bioelectrical activity. Despite
the need for surgical intervention, pharmaco-EEG in experimental neuroscience has several advantages over
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traditionally used behavioral tests, as well as biochemical or molecular genetic methods. This review considers
examples of the use of this method to assess the neuroprotective activity of drugs in models of traumatic brain
injury and stroke in rodents. However, based on the results of published studies, it can be concluded that phar-
maco-EEG is a sensitive method for assessing the effects of drugs on the course of pathological processes in
brain damage in rats and can be considered as a useful addition to traditional experimental approaches

Keywords: pharmacoencephalography, neuroprotection, rats
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Introduction

Central nervous system disorders resulting from traumatic or vascular injuries have a high social signifi-
cance. In view of this, the search and development of effective methods for the experimental evaluation of the
effec-tiveness of new neuroprotective agents is an urgent task of biomedical research. The most common exper-
imental models for assessing neuroprotective activity are models of ischemic stroke (temporary or permanent
occlusion of the middle cerebral artery circulation, photothrombosis, etc. [Li, Zhang , 2021]) and traumatic brain
injury (model of controlled cortical impact, fluid-percussion impact, etc.) [Marklund, Hillered, 2011]) in rats.
Since traumatic and vascular injuries of the brain are accompanied by the appearance of a focus of necrosis
(dead cells) and penumbra (cells with pronounced functional and metabolic disorders), the classical version of
the positive effect of the studied drug in the experimental conditions on rodents is the preservation of the viabil-
ity of penumbra cells while reduc-ing the severity of neurological deficit, accompanied by motor, emotional-
behavioral and cognitive impairments.

In view of this, to assess the effects of neuroprotective agents in small laboratory animals, as a rule, behavior
al and functional tests are used [Schallert, 2006] to assess the degree of motor impairment (for example, the Cyl-
inder and Beam walking test), emotional and behavioral changes (Open field, Elevated plus maze) or cognitive
function (Morris water maze, T-maze, etc.). The results of these tests are usually verified by methods of as-
sessing the volume and histomorphological pattern of the lesion [Berger et al., 2008], as well as by biochemical
and molecular genetic methods [lino et al., 2003]. The data obtained allow us to comprehensively assess the ac-
tivity of the tested drugs and draw a conclusion about the appropriateness of the proposed pharmacotherapeutic
approach. Howev-er, all of these methods have their limitations, which, in the future, may affect the objectivity
of the conclusions drawn. For example, the results of behavioral and functional tests are often subjective and
their results are most dependent on the "hands" of the experimenter. Compliance with testing conditions, such as
time of day, lighting and room temperature, pre-handling, etc., is of great importance. Equally important is the
sequence of tests, as well as the time intervals between them. The disadvantage of histomorphological, biochem-
ical and molecular ge-netic methods may be the need to remove animals from the experiment in order to take the
necessary material for research, which does not allow tracking the course of the pathology in dynamics within
one particular animal.

Neurophysiological methods such as electroencephalography (EEG) or electrocorticography (ECoG) allow
assessing the state of the brain of small laboratory animals in terms of bioelectric activity parameters (amplitude-
spectral characteristics, coherence of lead pairs, etc.). Despite the need for surgical intervention (implantation of
EEG or ECoG electrodes), they do not have a number of disadvantages of the above methods, allowing testing of
one animal as often as necessary. In view of this, it is interesting to use EEG/ECoG methods to assess the neuro-
protective activity of new drugs in models of vascular and traumatic injuries in small laboratory animals. This
paper presents some examples of such studies, as well as our own experience in evaluating the neuroprotective
activity of the alpha-2-adrenergic agonist mafedine in a controlled cortical impact model in rats.

Pharmaco-EEG as a tool for evaluating the effects of drugs in models
of ischemic stroke and traumatic brain injury in rats

The possibility of using neurophysiological methods in in vivo experiments to assess the neuroprotective ac-
tivity of new drugs is an important issue for biomedical research. In rats with TBI in the study by G.A. Volo-
khova, the administration of deproteinized dialysate from the blood of calves in the post-traumatic period con-
tributed to positive changes in the EEG pattern, which correlated with the normalization of vertical and horizon-
tal motor activity in the Open Field test [Bomoxosa, CtostHos, 2015]. In a study by other authors on a model of
cerebral ischemia in rats (bilateral occlusion of the carotid arteries), was shown a positive effect of the preven-
tive use of a combination of vinpocetine with melatonin on the parameters of EEG rhythms in surviving animals.
At the same time, this combination of drugs increased the survival rate of rats after ischemia up to 80.0% (com-
pared to 34.8% of the group of control animals) [['arurops, Maxknskos, Xmnomonus, 2015]. We have shown in a
series of pilot studies that open severe TBI in rats is accompanied by persistent changes in the parameters of the
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bioelectrical activity of the brain, which are detected on the 3rd and 7th days after injury [CsicoeB, Kpomikuna,
OxoButsliii, 2019a; CeicoeB u ap., 2019, 2020, 2020a]. Among the key features of the ECoG signal of injured
animals, a decrease in the amplitudes and indices of 8-, a-, and B-rhythms, as well as an increase in the activity
of the slow-wave 6-rhythm were noted [Cricoes, Kpomkuna, Oxoutsiii, 2019a]. These changes were accompa-
nied by a disruption in the operation of interhemispheric and intrahemispheric connections, as evidenced by a
drop in the cross-correlation coefficient [CricoeB u mp., 2020a]. It should be noted that these changes were rec-
orded not only in the impact area, but also in remote areas of the cortex. Another important feature of the bioe-
lectrical activity of injured animals was the change in the reflex responses of the cerebral cortex to photo- and
somatosensory stimulation. Therefore, in injured rats, the amplitude of the P2 peak of VEP curves on the 3rd day
after TBI in areas of the cortex remote from the impact site was higher than in healthy animals, and on the 7th
day in the area of injury, it was lower [CeicoeB u np., 2020]. Also, in rats with injury, the amplitude of early (N1,
P2) and late responses (N2, P2, N3) of the cortex to somatosensory stimulation was reduced, as well as the laten-
cy of early responses increased and late responses decreased compared to the conditionally healthy group of an-
imals [CricoeB u zp., 2020b].

In the course of further studies [Sysoev, 2021], it was found that the administration of the sodium salt of the
alpha-2 adrenoreceptor agonist mafedine 1 hour after TBI and in the next 6 days led to the normalization of
interhemispheric connections of brain regions remote from the area of damage and intrahemispheric connections
of the healthy hemisphere by the 7th day after injury. In addition, positive changes in the responses of the cortex
to photo- and somatosensory stimulation were noted in such animals. The results obtained confirmed the previ-
ously identified cerebroprotective activity of the sodium salt of mafedine [Sysoev, 2019], and the suitability of
recording and analyzing ECoG to assess the effect of pharmacological agents on the course of TBI in laboratory
animals.

Conclusions

Thus, based on the results of the work of other authors, as well as the data of our own studies, we can con-
clude that the recording and analysis of EEG/ECoG in rats is a sensitive tool for assessing the functional state of
the brain after traumatic and vascular injuries. This makes it possible to use these methods to identify the neuro-
protective effects of drugs, complementing traditional behavioral, functional, or molecular genetic research
methods.
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