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COMPARATIVE ANALYSIS OF MOTOR AND EMOTIONAL BEHAVIORAL DISORDERS IN
CONDITIONS OF EXPERIMENTAL CHRONIC ISCHEMIC AND CHRONIC CONVULSIVE
SYNDROMES
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Chronic cerebral ischemia is a phenomenon and pathological process, and, accordingly, patients with chronic cerebral
ischemia represent the vast majority of cases and episodes of cerebrovascular pathology. With chronic cerebral ischemia, the
regulatory processes in the brain are significantly disrupted, the course of which is provided by vestibular, visual, cutaneous,
proprioceptive and other sensory cortical projections and central control. The aim of the work is to determine in a comparative
aspect the rat’s types of motor and emotional behavior disorders in the dynamics of both chronic cerebral ischemia and Kindling-
induced chronic convulsive activity. The data obtained indicate that rats with a model of chronic ischemia already during the 1%
day of the experiment revealed the expressed changes in motor and postural behavior, muscle and coordination activity, as well as
severe neurological and emotional disorders. The obtained results of motor and emotional types of behavior changes in rats under
conditions of chronic cerebral ischemia coincided with the results of similar types of behavior testing in rats with picrotoxin
kindling. We consider the identity of the registered indexes in conditions of ischemic and convulsive brain damage to be
fundamentally important, which testifies the common pathogenetic mechanisms of chronic cerebral ischemia and kindlind-induced
chronic convulsive syndrome. The authors believed that a comprehensive pathogenetically based pharmacological correction of
motor behavior and emotional sphere will result in anti-ischemic and anticonvulsant effects achievement.

Key words: chronic cerebral ischemia, chronic convulsive syndrome, kindling, motor and emotional behavior disorders,
pathogenetic mechanisms, complex pathogenetically based pharmacological correction.
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HOPIBHSIBHUM AHAJII3 PO3JIAJIIB MOTOPHOI TA EMOIIMHOI MOBEJAITHKHA
3A YMOB BIITBOPEHHSA B EKCIHEPUMEHTI XPOHIYHOT'O CYJOMHOI'O
TA XPOHIYHOI'O INEMIYHOI'O CUHPOMIB

XpoHivHa imeMis MO3Ky sIK ()eHOMEH 1 IaToNoriuyHuil mporec, i, BIAMOBIAHO, NALIEHTH 3 XPOHIYHOIO 1LIEMI€I0 MO3KY
MIPE/ICTABIISIIOTH TIEPEBaXKHY Macy BHIIAJKIB 1 emizomiB nepeGposackyisapHoi maronorii. [Ipm xpoHiuHii imemii MO3Ky iCTOTHO
MOPYLIYIOTBCS PEryIsATOPHI TPOLECH B MO3KY, Mepedir skux 3a0be3medyeThcsi BeCTHOYISIPHOIO, 30pPOBOIO, IIKiPHOIO,
IIPOTIPIONETITHBHOIO 1 IHITUMY CEHCOPHUMH KOPTHKAJIBHUMU IPOEKIIISIMH 1 IEHTPAIbHIM KOHTpoJIeM. MeTa poO0oTH — BU3HAYCHHS
B ITOPIBHSUIFHOMY aCIeKTi pi3HOBH/IIB ITOPYIIEHHS MOTOPHOI Ta eMOLIHHOI HOBEIIHKH IIypiB B JHHAMIII XpOHIYHO] imeMii MO3Ky
Ta KiHUTIHr-iHIyKOBaHOT XPOHIYHOT CyAOMHOT akTBHOCTI. OTpHMaHi AaHi CBiAYaTh PO Te, U0 Y LIypiB i3 MOACIIIO XPOHIUHOT
imemii Bxe mpoTsaroM 1-i 1oOM IOCHILy PEeCTPYIOThCS BHPAaXKEHI 3MIHM MOTOPHOI Ta ITO3HOI IOBEHIHKH, M'I30BOi Ta
KOOpJIMHANIHHOI aKTUBHOCTI, @ TaKOX BHPa)KECHI HEBPOJIOTIYHI MOPYIICHHS Ta eMOUiiHi po3nagu. OTpUMaHi pe3yasTaTH 3MiHU
MOTOPHOT Ta eMOLIiHOT Pi3HOBU/IIB MOBEAIHKH LIYPIB 32 YMOB XPOHIYHO] ilIeMil MO3Ky CHiBrajaiu 3 pe3yabTaTaMi TeCTyBaHHS
AQHAJOTIYHUX PI3HOBHIB IIOBEAIHKH Yy IIypiB i3 MIKPOTOKCHHOBUM KiHUTIHTOM. TOTOXXHICTB 3apeecTpOBaHUX NOKa3HUKIB 32 YMOB
IIEMIYHOTO Ta CYIOMHOTO YPa)KeHHS MO3KY BBaKAa€MO MPHUHIMIIOBO BAXJIMBUM, IO CBIIUUTh HAa KOPHCTH CIUIBHHX
MATOreHETHYHUX MEXaHi3MiB (OpMyBaHHS XPOHIYHOI imieMii MO3KYy Ta XPOHIYHOTO CYJOMHOIO CHHIPOMY 3a YMOB KiHJUIIHTY.
BBaskaeMo, 110 KOMITJIEKCHA NTaTOT€HETHYHO 00rpyHTOBaHa (DapMaKoJIOTidHA KOPEKIlis MOTOPHOI IIOBEAIHKY Ta eMOLIHHOT chepn
Oyyzie TakoX CIpsIMOBaHa HA (POPMyBaHHS AHTUIIMEMIYHOTO Ta MPOTHCYIOMHOTO €(EKTIB.

KurouoBi cjoBa: xpoHiuHa imeMis MO3KY, XPOHIYHHH CyZOMHHMH CHHIPOM, KiH/UTIHI, MOPYILCHHS MOTOPHOI Ta
€MOII{HOT TOBE[IHKHU, TATOTeHETHYHI MEXaHi3MH, KOMIUIEKCHA AaTOI€HETHYHO OOTPYHTOBaHa (hapMaKOIOTiYHa KOPEKIIis.

The work is a fragment of the research project “Development of new therapeutic and prophylactic methods and
pathogenetic background of their use in inflammatory periodontal diseases together with metabolic syndrome”, state registration
No. 0120U0021970.

Cerebrovascular pathology has now grown from a medical problem to a social one, because,
according to medical statistics, in all countries it is one of the main causes of mortality, disability and the
overall decline in the quality of life of patients [4, 10]. In this case, chronic cerebral ischemia is a
phenomenon and pathological process, and, accordingly, patients with chronic cerebral ischemia represent
the vast majority of cases and episodes of cerebrovascular pathology [8, 13]. In this aspect, the treatment
of chronic forms of cerebral insufficiency becomes especially relevant.

There are disappointing data on the steady increase in the incidence of cerebrovascular pathology,
the involvement in this pathological process of new contingents of persons, which significantly affects the
structure of morbidity [12, 13]. This vascular pathology is difficult to diagnose in the early stages of the
disease, in the late — it is very difficult to prescribe effective treatment regimens. The tendency to «rejuvenate
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patients with cerebrovascular pathology is largely associated with socio-economic instability in the country,
the presence of extreme conditions, insufficient implementation of the program for the prevention of socially
significant diseases such as hypertension, diabetes, cerebral atherosclerosis, etc. [6, 15].

In the formation of cerebral ischemia, and especially in its dynamics, which is a characteristic
feature of chronic cerebral ischemia, in experimental and clinical conditions, in addition to the death of the
biological organism, there is a pronounced reduction and/or disorganization of motor and sensory functions
[2, 4, 6]. We also note the development in the dynamics of chronic cerebral ischemia disorders of spatial
orientation, verticalization, coordination, the work of the motor analyzer, which participates in these
processes [7, 15]. From a fundamental point of view, it is important to imagine that in chronic cerebral
ischemia, the regulatory processes in the brain are significantly disrupted, and their course is provided by
vestibular, visual, cutaneous, proprioceptive and other sensory cortical projections and central control [3, 14].

Usually doctors do not pay attention to the above disorders, because the priority is the lives of
patients. However, mainly under the conditions of the experiment it was shown that the behavior of rats in
chronic cerebral ischemia should be considered in terms of diagnosis, as they may be the earliest signs of
impending cerebral catastrophe. Moreover, the correction of the detected behavioral disorders in the
conditions of chronic cerebral ischemia will help to improve the functioning of the whole organism and its
recovery from ischemic manifestations.

To test the hypothesis regarding the pathogenetic significance of behavioral disorders in the
diagnosis and complex pharmacorrection of chronic ischemic syndrome, we performed a series of
experimental studies to determine the dynamics of motor and emotional behavior under these conditions.
The obtained data were compared with previously known behavioral shifts under the conditions of a
Kindling-induced model of chronic epilepsy, the manifestation of which also shows ischemic damage to
brain neurons.

The purpose of the study was to determine in a comparative aspect the rat’s types of motor and
emotional behavior disorders in the dynamics of both chronic cerebral ischemia and Kindling-induced
chronic convulsive activity.

Materials and methods. The experiments were performed under a chronic experiment on male
Wistar rats weighing 180-250 g, which were fed a standard diet. Rats were provided with free access to
food and water; they were kept in standard conditions with a natural 12-hours change of light and darkness,
humidity of 60 % and temperature of 22+1° C. The work with laboratory animals was carried out in
compliance with generally accepted requirements for laboratory and other experiments with the
participation of experimental animals of different species.

The model of chronic cerebral ischemia was reproduced by dissection of the skin, isolation and
bilateral ligation with ligatures of the carotid arteries [2]. There were 2 groups of animals: 1 group — control
(n=7; intact rats, which had only their skin cut, and ligation of the carotid arteries was not performed) and 2
group — experiment (n=17; rats with ligation of carotid arteries). Rats were observed for 7 days after ligation
of the carotid arteries.

To reproduce the chronic convulsive syndrome, a model of chemical kindling was used, which was
reproduced by 24-day administration of picrotoxin (PCT; Sigma-Aldrich, Germany) at a subthreshold dose in
the range from 0.9 to 1.1 mg/kg. There were 2 groups of rats: 1 group — control (n=6), which was injected with
saline solution of sodium chloride. Group 2 — Kindling rats (n=20). Rats were observed for 24 days — this
period is necessary for the formation of kindling,

During the above period, motor activity in rats with chronic cerebral ischemia and kindling rats was
determined in the “open field” test (Lazarenko NS, 1982) for 2 minutes.

Muscle activity was determined by the time during which rats were able to use the front and rear limbs
to hold on to two horizontally spaced sticks [5]. The test for coordination of movements is final in the ability
of rats to hold on to a rotating rod (diameter — 25 mm, length — 60 cm, divided by 5 disks into 6 parts). The
number of animals that were able to hold on to the rod, which rotates at a speed of 15 revolutions per minute,
was determined for 120 seconds. To determine the ability of rats to coordinate movements the “summed grid”
test was used.

Neurological status was assessed by calculating the severity of neurological deficit on a scale for
assessing motor changes modified by [1].

Additionally, the severity of emotional disorders in the test of aggressive defensive behavior was
determined by the nature of the behavioral response of animals to the attempt to take in hand and expressed in
points on a scale proposed by R. M. Post et al. (1981). The average severity of aggressive-defensive reactions
was taken into account.

The obtained results were calculated statistically using the parametric ANOVA criterion, which was
accompanied as a correspondence by the Newman-Keuls test, and the nonparametric Kruskal-Wallis test. The
minimum statistical probability was determined at p<0.05.
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Results of the study and their discussion. The results obtained in this part of the experiments are
presented in Fig. 1. The dynamics of significant reduction of indices of horizontal and vertical motor activity
in the “open field” test in the dynamics of chronic ischemic syndrome during 7 days of observation (p<0.01)
is clearly observed. It is also interesting that our comparable indices of white were observed in the group of
kindling rats, the dynamics of the formation of chronic convulsive syndrome in which was accompanied by a
gradual decrease in the number of crossed squares “open field” (from the 8th day; p<0.05) and vertical racks
(from the 16th day; p<0.05; fig. 1).
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Fig. 1. Comparative characteristics of motor (horizontal — fragments A and C and vertical — fragments B and D) activity of rats
with chronic convulsive and chronic ischemic syndrome. Indications: on the abscissa axis — the day of observation (duration of the
experiment). On the y-axis: (fragments A and C) — the number of crossed squares in the «open field» test, (fragments B and D) — the
number of vertical racks in the «open field» test. * — p<0.05, ** —p<0.01 — the significant differences of the studied indexes compared
with the analogous data in control observations (ANOVA-+Newman-Keuls test).

Table 1
Dynamics of neurological deficit (%) in rats with chronic ischemic and chronic convulsive syndrome
Animal groups Lethargy, slow Weakness “Manege” Paresis - Paralysis. .
movements of movements movements of 1-4 extremities | of 1-4 extremities

1st day Chronic brain ischemia
Control, n=7 14 0 0 0 0
Ischemia, n=17 88** .2 100%** 65%* -6 12 (2) 6 (1)

3rd day
Control, n=7 0 14 0 0 0
Ischemia, n=16 88** -2 100** 63** -6 12 0

Sth day
Control, n=7 14 0 0 0 0
Ischemia, n=15 87** 2 93 ** 54%* -7 13 0

7th day
Control, n=7 0 14 0 0 0
Ischemia, n=14 93%* -1 100** 64 (-5)* 13 0
4th day Pharmacology Kindling
Control, n=6 0 17 0 0 0
Kindling, n=20 60* (12) 0 20 0 0

12th day
Control, n=6 17 0 0 0 0
Kindling, n=20 75** (15) 50%** 28* (7) 0 0

20th day
Control, n=6 0 0 0 0 0
Kindling, n=18 89** (16) 50%** S50** 11(-2) 0

24th day
Control, n=6 0 0 0 0 0
Kindling, n=17 94** (16) 82** (14) 47** (8) 11(-2) 0

Indications: The decrease in the number of rats in the groups was due to their death

Notes: * — p<0.05 and ** — p<0.01— the significant differences of the studied indexes compared with the analogous data in
control observations (ANOVA+Newman-Keuls test).
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Behaviorally, rats with ischemia also showed constant left and right rotations with an average
frequency of 5 to 7 per minute. We found the maximum number of rotations on the 4th day of the
experiment — 6.7+0.8, and the number of rotations during the entire observation period did not change
significantly. With less pronounced predominantly left-hand rotations, we found in Kindling rats, and
their maximum number was in the range from 3 to 4, starting from the 18th day of the experiment.

In the study of the severity of neurological deficits, none of the rats in the control observations
did not show lethargy, slowness or weakness of movements (only 1 rat on the 1st, 3rd and 7th day),
“manege movements”, paresis and paralysis of the limbs (table ). One day after the onset of ischemia,
15 rats showed lethargy and slowness of movement, all rats showed weakness of movements, 11 rats
showed “manege movements”, which was significantly higher compared to the corresponding indices in
the control group (p<0.01). Similar results without dynamics of increase or decrease were registered
during the whole observation period (Table 1).

When determining the neurological deficit in Kindling rats, starting from the 12th day of the
experiment, rats began to show movement deficits and mainly left-sided manege movements, these indices
in the experimental group significantly exceeded those in the control (p<0.05).

Thus, at the time of the formation of kindling, 16 rats out of 17 showed lethargy, slowness of
movement, 14 of 17 registered weak movements, 8 rats showed manage movements — these indices
significantly exceeded those in the control group of rats.

Kindling rats showed almost the same indices of muscle activity, which for 24 days of observation
were unable to stay on horizontally located sticks and on a rotating rod (p<0.05; Fig. 2.).
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Fig. 2. Comparative characteristics of muscle activity in rats with chronic convulsive and chronic ischemic syndrome. Indications:
on the abscissa axis — the day of observation (duration of the experiment). On the y-axis: (fragments A and C) — the number of rats that can be
kept on two horizontally arranged sticks, (fragments B and D) — the number of rats that can be kept on a rotating rod (in % in all cases).

All intact rats throughout the observation period were kept on the surface of the metal mesh brought
to an angle of 80° (fig. 3, A). Already on the 1st day after bilateral occlusion of the carotid arteries 2 rats
out of 17 held on to the surface of the “summed grid”, after 2 days — 2 rats out of 16, which was significantly
less than the corresponding control indices (p<0.01). Similar indices were maintained for 7 days of
experiment (fig. 3.).

Kindling rats retained the ability to coordinate activity: only on the 16th day of the experiment, 16
rats out of 19 could not stay on the surface of the 80° metal mesh, which remained like this until the end of
the experiment (p<0.05, fig. 3. A, B).

All rats of the control group when trying to take in hand tried to hide vocalized (2 rats tried to bite
the palm of the researcher) and showed an average expression of emotional behavior in the range from 2
to 3 points. In rats with reproduced cerebral ischemia on the 2nd day of the experiment when trying to pick
up the response was more pronounced: only 1-2 rats tried to hide, all the rest tried to bite the palm of the
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researcher, i.e. showed maximum emotional behavior, which significantly exceeded the corresponding
indices in the control (p<0.01, Fig. 3, B).

Testing of emotional behavior in kindling rats showed similar indices, however, the activation of
aggressive emotional behavior in Kindling rats occurred at the stage of advanced Kindling and lasted until
the 24th day of the experiment (p<0.05, fig. 3, D).
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Fig. 3. Comparative indices of coordination activity (fragments A and C) and emotional behavior (fragments B and D) of rats with
chronic convulsive and chronic ischemic syndrome. Indications: on the abscissa axis — the day of observation (duration of the experiment). On
the y-axis: (fragments A and B) — the number of rats that can stay on the raised grid (in%), (fragments B and D) — the severity of aggressive-
protective behavior of rats (points)

Therefore, we note that rats with a reproduced model of chronic ischemia during the 1st day of the
experiment registered pronounced changes in motor and late behavior, muscle and coordination activity.
Most rats develop severe neurological disorders and emotional disorders. In this context, it is interesting
that similar behavioral and emotional disorders are diagnosed in the clinic in patients with ischemic stroke,
the clinical manifestations of which are relevant to our model of ischemic brain damage [2].

Interestingly, the detected motor, late, rotational, and muscular, coordination and emotional
disorders almost equally maximally expressed throughout the observation period.

Our actual results of changes in motor and emotional behaviors in rats with chronic cerebral
ischemia coincided with the results of testing similar behaviors in rats with picrotoxin kindling. Similar
results in some way are similar to the ones obtained earlier, but important is the matter of the identicality of
the registered actual indices under the conditions of two models of brain damage — ischemic and
pharmacological/convulsive. We consider the last fact to be fundamentally important, which testifies in
favor of common pathogenetic mechanisms of formation of chronic cerebral ischemia and chronic
convulsive syndrome under conditions of kindling. These data are in accordance with the analogous clinical
observations [9, 11] and certain experimental trials [5].

Based on the analysis of the results, we consider it appropriate to emphasize the importance and
probability of taking into account behavioral disorders and emotional changes in patients as clinical signs of
impending ischemic stroke, as well as severe convulsive ictal processes that should develop in the brain.

We are also supporters of the concept regarding the pathogenetic orientation of neuropathological
syndromes pharmacological treatment [2], which include behavioral manifestations that were tested in this
paper under the conditions of two relevant models. Therefore, given the data obtained, we consider them
as an experimental basis for the clinical testing of the effects of pharmacological compounds that can
normalize behavioral motor, late and muscular disorders, as well as restore the emotional sphere of patients
with chronic cerebral ischemia and/or convulsive syndrome. We are confident that in this case, a complex
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pathogenetically sound pharmacological correction of motor behavior and emotional sphere will also be
aimed at the formation of anti-ischemic and anticonvulsant effects.

Ko o

1. In rats with a reproduced model of chronic ischemia already during the 1st day of the experiment,
pronounced changes in motor and late behavior, muscle and coordination activity are registered. Most rats
develop severe neurological disorders and emotional disorders.

2. The obtained results of changes in motor and emotional types of behavior of rats under the
conditions of chronic cerebral ischemia coincided with the results of testing similar types of behavior in
rats with picrotoxin kindling.

3. The identicity of the registered indices in the conditions of ischemic and convulsive brain
damage is considered fundamentally important, which indicates in favor of common pathogenetic
mechanisms of formation of chronic cerebral ischemia and chronic convulsive syndrome in the conditions
of kindling.

4. The obtained data are considered as an experimental basis for the feasibility of clinical testing
of the effects of pharmacological compounds that can normalize behavioral motor, late and muscular
disorders, as well as restore the emotional sphere of patients with chronic cerebral ischemia and/or
convulsive syndrome.

Prospects for furthers researches include comprehensive pathogenetically sound pharmacological correction of motor
behavior and emotional sphere will be aimed at the formation of anti-ischemic and anticonvulsant effects.

B85

1. Dariy VI, Stoyanov AN, Vizir IV, Sikorskaya MV, Serikov KV, Tomah NV, Syitnik MG. Neyrovizualizatsionnye osobennosti
vtorichnykh stvolovykh krovoizliyaniy u bolnykh s polusharnym intratserebralno oslozhnennym ishemicheskim mozgovym
insultom na fone gipertonicheskoy distsirkulyatornoy entsefalopatii. Problemy bezperervnoyi medychnoyi osvity ta nauky. 2020;
2 (38): 47-52 [In Russian]

2. Stoyanov AN, Vastyanov RS, Maschenko SS, Antonenko SA, Skorobreha VZ. Vozmozhnosti modelirovaniya ishemii
golovnogo mozga u melkikh zhivotnykh. Mezhd nevrol zhurnal. 2019; 6 (108): 3036 [In Russian]

3. Stoyanov OM, Kalashnlkov VI, Vastyanov RS, Broshkov MM, Kalashnlkova IV, Bakumenko IK, GaluzInska MI, Shirlkalova
AO. Osoblyvosti vegetatyvnoyi ta sudynnoyi regulyatsiyi mozkovoho krovotoka u patsientiv z holovnym bolem napruzhennya.
Svit medytsyni ta biolohiyi. 2019; 4 (70): 168—172 [In yUkrainian]

4. Andjelkovic AA, Stamatovic SM, Phillips CM, Martinez-Revollar G, Keep RF. Modeling blood-brain barrier pathology in
cerebrovascular disease in vitro: current and future paradigms. Fluids Barriers CNS. 2020; 17 (1): 44.

5. de Sousa RF, Gazzola JM, Gananga MM, Paulino CA. Correlation between the body balance and functional capacity from
elderly with chronic vestibular disorders. Braz. J. Otorhinolaryngol. 2011; 77 (6): 791-798.

6. Ibrahimi M, Nozaki H, Lee A, Onodera O, Reichwein R, Wicklund M, El-Ghanem M. A CARASIL patient from americas with
novel mutation and atypical features: case presentation and literature review. Cerebrovasc Dis. 2017;44(3—4):135-140.

7. Kalashnikov VI, Stoyanov AN, Pulyk OR, Bakumenko IK, Skorobrekha VZ. Features of cerebrovascular reactivity in patients
of young age with migraine. Wiad Lek. 2020; 73 (11): 2443-2446.

8. Khramtsov D, Stoyanov O, Muratova T, Pulyk O. Neurorehabilitation in the Early Recovery period of Ischemic stroke.
Pharmacology support. Acta Balneol. 2021; 63 (163): 22-25.

9. Leavy A, Jimenez Mateos EM. Perinatal Brain Injury and Inflammation: Lessons from Experimental Murine Models. Cells.
2020; 9 (12): 2640.

10. Muratova T, Khramtsov D, Stoyanov A, Vorokhta Yu. Clinical epidemiology of ischemic stroke: global trends and regional
differences. Georgian Medical News. 2020; 2 (299): P. 83-86.

11. Reyes-Corral M, Sola-Idigora N, de la Puerta R, Montaner J, Ybot-Gonzalez P. Nutraceuticals in the Prevention of Neonatal
Hypoxia-Ischemia: A Comprehensive Review of their Neuroprotective Properties, Mechanisms of Action and Future Directions.
Int J Mol Sci. 2021; 22 (5): 2524.

12. Sondergaard CB, Nielsen JE, Hansen CK, Christensen H. Hereditary cerebral small vessel disease and stroke. Clin Neurol
Neurosurg. 2017; 155: 45-57.

13. Tsai HH, Kim JS, Jouvent E, Gurol ME. Updates on prevention of hemorrhagic and lacunar strokes. J Stroke. 2018; 20 (2):
167-179.

14. Vancheri F, Longo G, Vancheri S, Henein M. Coronary Microvascular Dysfunction. J Clin Med. 2020; 9 (9): 2880.

15. Weber SA, Patel RK, Lutsep HL. Cerebral amyloid angiopathy: diagnosis and potential therapies. Expert Rev Neurother. 2018;
6: 503-513.

Crarrs Hagiiinoma 10.05.2020 p.

188



