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Аннотация. Поиск и изучение новых нейропротекторных средств является актуальной задачей био-

медицинских исследований. Ввиду низкого трансляционного потенциала результатов эксперименталь-

ных и доклинических исследований, необходимы новые подходы для оценки эффективности новых со-

единений, оказывающих положительное влияние при сосудистых или травматических поражениях го-

ловного мозга. Метод фармакоэнцефалографии (фармако-ЭЭГ) – один из нейрофизиологических мето-

дов исследования, который позволяет оценивать функциональное состояние головного мозга по пара-

метрам его биоэлектрической активности. Несмотря на необходимость хирургического вмешательства, 

фармако-ЭЭГ в экспериментальной нейробиологии обладает рядом преимуществ по сравнению с тради-

ционно используемыми поведенческими тестами, а также биохимическими или молекулярными-

генетическими методами. В данном обзоре рассматриваются примеры использования данного метода для 

оценки нейропротекторной активности лекарственных средств на моделях черепно-мозговой травмы и 
инсульта у грызунов. Но основании результатов опубликованных исследований можно сделать вывод, 

что фармако-ЭЭГ является чувствительным методом для оценки эффектов препаратов на течение пата-

логических процессов при поражении головного мозга у крыс и может рассматриваться как полезное 

дополнение к традиционным экспериментальным подходам. 
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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 
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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 [Iino 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 [Волохова, Стоянов, 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) [Ганцгорн, Макляков, Хлопонин, 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 [Сысоев, Крошкина, 

Оковитый, 2019a; Сысоев и др., 2019, 2020, 2020a]. Among the key features of the ECoG signal of injured 

animals, a decrease in the amplitudes and indices of θ-, α-, and β-rhythms, as well as an increase in the activity 

of the slow-wave δ-rhythm were noted [Сысоев, Крошкина, Оковитый, 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 [Сысоев и др., 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 [Сысоев и др., 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 [Сысоев и др., 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. 

Список источников 

1. Волохова Г.А., Стоянов А.Н. Влияние солкосерила на вызванные черепно-мозговой травмой элек-

трографические изменения и поведение крыс // Международный неврологический журнал. 2008. № 2. С. 

51–57. 
2. Ганцгорн Е.В., Макляков Ю.С., Хлопонин Д.П. Количественный фармако-ээг анализ активности 

ноотропов и их комбинаций с мелаксеном при глобальной ишемии головного мозга у крыс // Биомеди-

цина. 2015. № 3. С. 87–94. 

3. Сысоев Ю.И., Крошкина К.А., Оковитый С.В. Особенности соматосенсорных вызванных потенци-

алов у крыс после черепно-мозговой травмы // Российский физиологический журнал им. И.М. Сеченова. 

2019a. Т. 105, № 6. С. 749–760. DOI: 10.1134/S0869813919060074. 

4. Сысоев Ю.И. и др. Нейропротекторная активность агониста альфа-2 адренорецепторов мафедина 

на модели черепно-мозговой травмы у крыс // Биомедицина. 2019. Т. 15, № 1. С. 62–77. DOI: 

10.33647/2074-5982-15-1-62-77. 

5. Сысоев Ю.И. и др. Изменение амплитудных и спектральных параметров электрокортикограмм 

крыс, перенесших черепно-мозговую травму // Биомедицина. 2019b. Т. 15, № 4. С. 107–120. 
https://doi.org/10.33647/2074-5982-15-4-107-120. 

6. Сысоев Ю.И. и др. Кросскорреляционный и когерентный анализ электрокортикограмм крыс, пере-

несших черепно-мозговую травму // Российский физиологический журнал им. И.М. Сеченова. 2020a. Т. 

106, № 3. С. 315–328. DOI: 10.1007/s11055-020-01023-9. 

7. Сысоев Ю.И. и др. Изменения зрительных вызванных потенциалов у крыс, перенесших черепно-

мозговую травму // Биомедицина. 2020b. Т. 16, № 2. С. 68–77. DOI: 10.33647/2074-5982-16-2-68-77. 

8. Berger C. et al. Neuroprotection by pravastatin in acute ischemic stroke in rats // Brain Research Reviews. 

2008. Vol. 58, № 1. P. 48–56. DOI: 10.1016/j.brainresrev.2007.10.010 

9. Iino M. et al. Real-time PCR quantitation of FE65 a beta-amyloid precursor protein-binding protein after 

traumatic brain injury in rats // International Journal of Legal Medicine. 2003. Vol. 117, № 3. P. 153–159. DOI: 

10.1007/s00414-003-0370-y 

10. Li Y., Zhang J. Animal models of stroke // Animal Models and Experimental Medicine. 2021. Vol. 4, № 
3. P. 204–219. DOI: 10.1002/ame2.12179. 



350 
 

11. Marklund N., Hillered L. Animal modeling of traumatic brain injury in preclinical drug development: 

where do we go from here? // Brazilian Journal of Pharmacology. 2011. Vol. 164, № 4. P. 1207–1229. DOI: 

10.1111/j.1476-5381.2010.01163.x. 

12. Schallert T. Behavioral tests for preclinical intervention assessment // NeuroRx. 2006. Vol. 3, № 4. P. 

497–504. DOI: 10.1016/j.nurx.2006.08.001 

13. Sysoev Yu.I. et al. Effects of alpha-2 adrenergic agonist mafedine on brain electrical activity in rats after 

traumatic brain injury // Brain Sciences. 2021. Vol. 11, № 8. P. 981. DOI: 10.3390/brainsci11080981. 

References 

1. Volokhova G.A., Stoyanov A.N. [Solcoseryl influence on brain trauma induced electrographic changes 

and behaviour in rats]. Meždunarodnyj nevrologičeskij žurnal. No 2 (2008): pp. 51-57. (In Russ.) 

2. Gantsgorn E.V., Maklyakov Yu.S., Chloponin D.P. [Quantitative pharmaco-EEG analysis of the activity 

of nootropics and their combinations with melaxen in global cerebral ischemia in rats]. Biomedicina. No 3 

(2015): pp. 87-94. (In Russ.) 

3. Sysoev Yu.I., Kroshkina K.A., Okovityi S.V. [Characteristic of somatosensory evoked potentials in rats af-
ter traumatic brain injury]. Rossijskij fiziologičeskij žurnal imeni I.M. Sečenova. V. 105, No 6 (2019a): pp. 749-

760. (In Russ.). DOI: 10.1134/S0869813919060074. 

4. Sysoev Yu.I. et al. [Neuroprotective activity of the alpha-2 adrenoreceptor agonist mafedine in a model of trau-

matic brain injury in rats]. Biomedicina. V. 15, No 1 (2019): pp. 62-77. (In Russ.). DOI: 10.33647/2074-5982-15-1-

62-77. 

5. Sysoev Yu.I. et al. [Changes in amplitude and spectral parameters of electrocorticograms in rats with 

traumatic brain injury]. Biomedicina. V. 15, No 4 (2019b): pp. 107-120. (In Russ.). DOI: 10.33647/2074-5982-

15-4-107-120. 

6. Sysoev Yu.I. et al. [Cross-correlation and coherence analysis of electrocorticograms of rats with traumatic 

brain injury]. Rossijskij fiziologičeskij žurnal imeni I.M. Sečenova. V. 106, No 3 (2020a): pp. 315-328. (In 

Russ.). DOI: 10.1007/s11055-020-01023-9. 
7. Sysoev Yu.I. et al. [Changes in visual evoked potentials in rats with traumatic brain injury]. Biomedicina. 

V. 16, No 2 (2020b): pp. 68-77. (In Russ.). DOI: 10.33647/2074-5982-16-2-68-77. 

8. Berger C. et al. Neuroprotection by pravastatin in acute ischemic stroke in rats. Brain Research Reviews. 

V. 58, No 1 (2008): pp. 48-56. DOI: 10.1016/j.brainresrev.2007.10.010. 

9. Iino M. et al. Real-time PCR quantitation of FE65 a beta-amyloid precursor protein-binding protein after 

traumatic brain injury in rats. International Journal of Legal Medicine. V. 117, No 3 (2003): pp. 153-159. DOI: 
10.1007/s00414-003-0370-y. 

10. Li Y., Zhang J. Animal models of stroke. Animal Models and Experimental Medicine. V. 4, No 3 2021. P. 

204–219. DOI: 10.1002/ame2.12179 

11. Marklund N., Hillered L. Animal modeling of traumatic brain injury in preclinical drug development: 

where do we go from here? Brazilian Journal of Pharmacology. V. 164, No 4 (2011): pp. 1207-1229. DOI: 
10.1111/j.1476-5381.2010.01163.x. 

12. Schallert T. Behavioral tests for preclinical intervention assessment. NeuroRx. V. 3, No. 4 (2006): pp. 

497-504. DOI: 10.1016/j.nurx.2006.08.001. 

13. Sysoev Yu.I. et al. Effects of alpha-2 adrenergic agonist mafedine on brain electrical activity in rats after 

traumatic brain injury. Brain Sciences. V. 11, No 8 (2021): pp. 981. DOI: 10.3390/brainsci11080981. 

 
Статья поступила в редакцию 02.11.2022; одобрена после рецензирования 16.11.2022; принята к публикации 
29.11.2022. 
The article was submitted 02.11.2022; approved after reviewing 16.11.2022; accepted for publication 29.11.2022. 
 
Информация об авторах 
Юрий Игоревич Сысоев – канд. биол. наук, доцент кафедры фармакологии и клинической фармакологии; научный 

сотрудник лаборатории нейропротезов; старший научный сотрудник лаборатории нейромодуляции двигатель-
ных и висцеральных функций; научный сотрудник лаборатории направленной внутримозговой доставки препа-
ратов, susoyev92@mail.ru, https://orcid.org/0000-0003-4199-5318; 

Вероника Александровна Приходько – ассистент кафедры фармакологии и клинической фармакологии; младший 
научный сотрудник лаборатории направленной внутримозговой доставки препаратов, veroni-
ka.prihodko@pharminnotech.com, https://orcid.org/0000-0002-4690-1811; 

Дарья Дмитриевна Шиц – студент, darya.shic@spcpu.ru; 
Мария Михайловна Пучик – студент, mariya.puchik@spcpu.ru, https://orcid.org/0000-0003-1281-4354; 
Сергей Владимирович Оковитый – д-р мед. наук, зав. кафедрой фармакологии и клинической фармакологии; зав. 

лабораторией направленной внутримозговой доставки препаратов, sergey.okovity@pharminnotech.com, 
https://orcid.org/0000-0003-4294-5531. 



351 
 

Information about the authors 
Yuri I. Sysoev – Cand. Sc. (Biol.), Associate Professor at the Department of Pharmacology and Clinical Pharmacology; Re-

search Officer at the Laboratory of Neuroprosthetics; Senior Research Officer at the Laboratory of Neuromodulation of 
Motor and Visceral Functions; Research Officer at the Laboratory of Targeted Intra-Brain Drug Delivery, 
susoyev92@mail.ru, https://orcid.org/0000-0003-4199-5318; 

Veronika A. Prikhodko – Teaching Assistant at the Department of Pharmacology and Clinical Pharmacology; Junior Research 
Officer at the Laboratory of Targeted Intra-Brain Drug Delivery, veronika.prihodko@pharminnotech.com, 
http://orcid.org/0000-0002-4690-1811; 

Daria D. Shits – student, darya.shic@spcpu.ru; 
Maria M. Puchik – student, mariya.puchik@spcpu.ru, https://orcid.org/0000-0003-1281-4354; 
Sergey V. Okovityi – Dr. Sc. (Med.), Professor, Head of the Department of Pharmacology and Clinical Pharmacology; Head of 

the Laboratory of Targeted Intra-Brain Drug Delivery, sergey.okovity@pharminnotech.com, https://orcid.org/0000-
0003-4294-5531. 

 
Вклад авторов: 
Сысоев Ю. И. – концепция исследования, развитие методологии, проведение экспериментов, написание оконча-

тельного текста статьи. 
Приходько В. А. – проведение экспериментов, написание окончательного текста статьи. 
Шиц Д. Д. – проведение экспериментов, написание драфта статьи. 
Пучик М. М. – проведение экспериментов, написание драфта статьи. 
Оковитый С. В. – научное руководство, написание окончательного текста статьи. 
Contribution of the authors:  
Sysoev Yu. I. – research concept; methodology development; investigation; revision of the text. 
Prikhodko V. A. – investigation; revision of the text. 
Shits D. D. – investigation; writing the draft. 
Puchik M. M. – investigation; writing the draft. 
Okovityi S. V. – scientific management; revision of the text. 
 
Авторы заявляют об отсутствии конфликта интересов 
The authors declare no conflicts of interests. 


