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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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Today it is widely recognized that a decrease in cerebral blood 
flow is an important risk factor for the development of neuro-
degeneration, cognitive impairment and dementia [5, 12,]. The 
morphological substrate of neurological disorders, the most pro-
nounced are damage to the myelinated nerve fibers of the white 
matter [24, 14]. In addition, neuronal death in the hippocampus 
[3] and in the cerebral cortex [26, 27, 22] is observed. These 
processes are observed against the background of the activation 
of microglia and astrocytes [6, 3, 25, 27, 29]. The data obtained 
in the experiments showed that different areas of the brain react 
differently and at different time intervals [22, 23].

The vast majority of data on pathogenetic mechanisms and 
cellular reactions in brain tissue during hyperperfusion were 
obtained on experimental models. Moreover, in most studies, 
severe cerebral hypoperfusion was simulated, most often repro-
duced by bilateral simultaneous ligation of the carotid arteries 
[11, 25]. The rigid model was the model of delayed ligation of 
the second carotid artery [3]. Only a few studies were performed 
with soft models of brain hypoperfusion based on bilateral ca-
rotid artery stenosis [25, 20] or unilateral carotid artery ligation 
[22, 31].

As you know, brain tissue is normally separated from the im-
mune system by a blood-brain brain. However, from 5 to 92% of 
people, according to several authors, in the blood there are anti-
brain antibodies that can cause brain damage, initiate or enhance 
neurological manifestations [7, 15].

Our previous studies [10] showed some changes in the cellular 
composition of the sensorimotor cortex in rats in the long term 
after ligation of the left carotid artery (after 1 and 3 months). 
This circumstance was the reason for conducting an immuno-
histochemical study to identify the details of these changes, and, 
first of all, in the early stages after circulatory disorders.

The aim of the work is to identify changes in the state of astro-
cytes and microglia with unilateral ligation of the carotid artery, 
sensitization with the cerebral antigen and their combination in 
the sensorimotor cortex in rats.

Materials and methods. Studies were performed on 185 
males white Wistar rats weighing 260-290 g. Animals were kept 
in a vivarium of 3-4 individuals per cage on a standard diet with 
free access to food and water, and a constant light-darkened reg-
imen. All experiments were carried out according to the “Guide 
for the Care and Use of Laboratory Animals” [2]. Male rats 
were used in the experiments, since estrogen levels influence the 
course of ischemic brain damage [13].

Rats were randomly divided into 6 groups: group K – control, 
animals (conditionally intact), did not experience any action (n 
= 10); group PO – pseudo-operated, rats were given access to the 
left common carotid artery and its mobilization, after which the 
wound was sutured (n = 35); group LCA – ligation of the com-
mon carotid artery (n = 35), rats were accessed and mobilized 
to the left common carotid artery, a ligature was placed on it, 
and then the wound was sutured; group Ks, control sensitized 
(n = 35); group POs, PO with preliminary sensitization (n = 
35); groups LCAs, LCA with preliminary sensitization (n = 35). 
Animals of the groups Ks, POs and LCAs were sensitized 12% 

before the operation with 20% aqueous-salt extract (antigen) of 
homologous brain tissue (protein content 0.33-0.5 mg / ml ac-
cording to Loury) [28]. The rats were injected subcutaneously: 
on the 1st day - 0.5 ml, on the 2nd day - 1 ml on the 3rd day - 1.5 
ml of the extract [28].

All the operation interventions were done under thiopental an-
esthesia (50 mg / kg). Animal euthanasia was performed using 
thiopental in overdose (200 mg / kg).

The brain was examined 1, 3, 10, 30, and 90 days after surgery 
and, accordingly, 12 (1), 15 (3), 22 (10), 42 (30), 102 (90) days 
after sensitization (surgical intervention). After the introduc-
tion of thiopental overdose, the rat skull was quickly opened, 
the brain was isolated, it was divided into three parts by the 
frontal section. The middle part was immersed in 10% buffered 
cold formalin (pH 7.4, 4 ° C) for 24 hours. The samples were 
compacted into para-lapst and frontal sections 4 μm thick were 
made, which were stained with Azure II-eosin to assess the gen-
eral condition of the cerebral cortex

Immunohistochemical reactions were carried out in accor-
dance with the manufacturer’s protocols. Primary antibodies 
were used in the work: rabbit polyclonal to S100 protein (Dako, 
Denmark), ready for use; rabbit polyclonal to glial fibrillary 
acidic protein (GFAP) (Dako, Denmark), ready to use; rabbit 
polyclonal to Iba-1 (Molecular Probes, USA), at a dilution of 1: 
750. The reaction products were visualized using an EnVision 
FLEX detection system (Dako, Denmark) with diaminobenzi-
dine (DAB).

Incubation of sections with antibodies was carried out at 22 ° 
C, with primary for 10 minutes, with secondary for 5 minutes. 
Slices of rat brain with established positive activity were used 
as a positive control. Procedures were performed for negative 
control, but without the use of primary antibodies. Sections in-
tended for densiometry were enclosed in a water-soluble me-
dium Dako Ultramount Aqueous Permanent Mounting Medium 
(Dako, Denmark) under a coverslip. Other sections were addi-
tionally stained with Gill hematoxylin and enclosed in Canadian 
balsam.

The resulting preparations were studied and photographed with 
the an Olympus BX51 microscope, an Olympus C3040ZOOM 
digital camera, and Olympus DP-Soft 3.2 software. Densito-
metric measurements of S100 expression were performed on 
a digital image (x200, x400, 1280x960 RGB pixels, lighting 
mode - photo, standard exposure) using the ImageJ 1.46 image 
analysis system: (Wayne Rasband (NIH), USA); and counting 
the number of labeled GFAP and Iba-1 cells (over an area of 430 
× 320 μm) in five test fields of the 5th layer of the sensorimotor 
cortex of the left hemisphere of the brain.

The obtained digital data was processed by standard statistical 
methods with the calculation of the arithmetic mean. To assess 
the significance of differences in the average values of indicators 
between groups, Student t-test was used. The differences were 
considered statistically significant at p ˂ 0.05.

Results and discussion. Performed observations showed that 
sensorimotor cortex of rat’s brain from the control group has 
that cells with small dense nuclei and thin, moderately branch-
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ing processes were detected by GFAP expression. Both in struc-
ture and in fact of GFAP expression, they corresponded to astro-
cytes [8, 9, 30]. In addition, numerous small fibrous and granular 
GFAP + structures were detected in the neuropil, which can be 
regarded as fragments of the processes of astrocytes. Around the 
blood microvasculature, GFAP-labeled the glial limiting mem-
brane were also detected.

With group PO (Fig. 1), 1 and 3 days after the start of the 
experiment on the part of the operation, the number of GFAP + 
cells in the cerebral cortex significantly increased compared to 
K. After 10 days of the experiment, it decreased to control val-
ues. After that, on the 30th day of the experiment, their specific 
number again increased and became significantly higher than 
group K. After 3 months of the experiment, the number of these 
cells decreased, but remained significantly higher than in group 
K. Visually, some of the astrocytes had slightly enlarged bodies 
and thickened processes. Some thickening of the glial limiting 
membrane was also sometimes noted.

Fig. 1. The number of GFAP+ cells in the fifth layer of the 
sensorimotor cortex in rats after ligation of the common carotid 
artery on the left, sensitization with brain antigen, and a com-
bination of these damaging factors. Groups: k - control; PO -; 
LAC -; Ks -; POs -; LACs -; n is the number of cells in the area 
of 430x320 mm. (M ± m). 1 (12) -90 (102) day after surgery (day 
after sensitization)

Under group LCA conditions (Fig. 1), the detection of GFAP 
in the left hemisphere also showed a significant increase in the 
number of labeled gliocytes compared with K after 1 and 3, and 
with PO - 3 days after the start of the experiment. In this case, 
more often than with PO, an increase in the bodies of astrocytes 
was observed, a thickening of their processes and perivascular 
glial membranes.

Sensitization by brain antigen (Ks) led (Fig. 1) to a significant 
increase in the number of GFAP + cells in the studied cortical 
area 12 days after the start of antigen administration and gradu-
ally increased until the end of the third month of observation. 
Moreover, the severity of these changes was greater than with 
group LCA. This also applied to the increase in the size of la-
beled hypertrophic astrocytes with thickened processes were 
more common. Also, an uneven thickening of glial limiting 
membranes was more often observed. However, the latter some-
times showed discontinuity.

The pseudo operation performed in sensitized animals did not 
lead to a significant change in the number of astrocytes com-
pared with the group Ks (Fig. 1).

At LCAs (Fig. 1) showed a gradual uniform increase in the 
number of GFAP + cells compared to group K from the first to 
30 days and a slight decrease by 90 days after the operation. But, 
in comparison with LCA on the 1st and 3rd day after the opera-
tion, their number was significantly lower, and on the 10th and 
30th it became significantly larger, followed by a slight decrease 
by 90 days. Compared to group Ks, the increase was slower, and 
on day 30 of the experiment it became reliably large, and by 90 
the indices in these groups were practically compared.

A densitometric evaluation of S100 expression showed (Fig. 
2) that its significant changes were not observed in any of the 
groups. However, the tendency was observed that at group Ks 
one day after the operation, it was lower than in the control and 
subsequently, up to 30 days, it gradually increased. There was 
also a tendency to increase S100 expression in group LCAs from 
1 to 3 days, which persisted up to 30 days. In this case, sig-
nificant differences were noted between Ks and LCAs groups 
after 1 (12) and 3 (12) days of the experiment. Visually, the 
expression of S100 in group K looked like diffuse, small, of-
ten merging flakes in the neuropil. At the same time, it was 
practically impossible to identify the bodies and processes of 
individual astrocytes. With group LCAs against a background 
that did not visually differ from other groups, it was some-
times possible to distinguish individual cells whose bodies 
and processes were somewhat more intensely labeled.

Fig. 2. - Densitometric evaluation of S100 expression in the 
fifth layer of the sensorimotor cortex in rats after ligation of the 
common pubic artery on the left, sensitization with brain anti-
gen, and a combination of these damaging factors (conventional 
units, M ± m). Groups: k - control; PO -; LAC -; Ks -; POs -; 
LACs -; 1 (12) -90 (102) a day after surgery (a day after sensi-
tization)

Evaluation of the number of detected Iba1+ cells in the senso-
rimotor cortex showed (Fig. 3) that, with group PO, their num-
ber does not change significantly during the experiment.

With group LCA, their specific number after 1 and 3 days 
after the operation becomes significantly larger than in K, and 
after 3 days - than with group PO (Fig. 3). Visually, an increase 
in some labeled cells was noted due to the volume of their bod-
ies and thickening of the processes. Subsequently, their number 
decreased to the level of control values.
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Fig. 3. The number of Iba1+ cells in the fifth layer of the sen-
sorimotor cortex in rats after cerebrovascular accident and its 
reproduction after preliminary sensitization. n is the number of 
cells in the area of 430x320 mm (M ± m). Groups: k - control; 
PO -; LAC -; Ks -; POs -; LACs -; 1 (12) -90 (102) days after 
surgery (day after sensitization)

After 12 and 15 days after sensitization with the brain antigen 
(Fig. 3), there was a slight, not significant, increase in the num-
ber of labeled microglia cells in the sensorimotor cortex, after 
which it decreased by 22 and 42 days of observation. However, 
after 102 days, the number of these cells in the Ks group turned 
out to be significantly larger than in group K. In the PO group, 
unlike the indicators in the Ks group, the number of these cells 
increased by 3 (15) days of the experiment and remained at this 
level until the end of the observations.

With LCAs group (Fig. 3) showed a statistically significant 
increase in the number of microgliocytes compared to K group 
from the first day after the operation, which increased slightly 
by the 30th day of the experiment. Moreover, on 10 (22) and 30 
(42) days, it was significantly larger than with POs group. In this 
group, there was also a tendency toward an increase in the size 
of part of the microglia cells and a thickening of their processes.

When comparing the data obtained with LCA and PSAs 
groups, it was revealed that in the last 10 (22) days of the experi-
ment, the number of Iba1+ cells was significantly larger. At the 
same time, there was no distinct tendency towards its decrease.

Thus, the studies showed that such relatively small disorders 
in the brain that occur during unilateral ligation of the carotid 
artery cause reactions from astrocytes and microglia. Moreover, 
even such manipulations as immobilization of the carotid artery 
(in our case, group PO) can cause episodic significant increases 
in the number of these glial cells. The use of immunohistochem-
ical markers allows us to identify these changes more fully and 
earlier than using general histological methods [10].

With LCA group, a more pronounced reaction of astrocytic 
glia, in comparison with microglia, is noteworthy. If a signifi-
cant increase in the number of cells of the latter was observed 
only after 1 and 3 days, then the number of astrocytes was found 
to be increased after 3 months of the experiment. Moreover, the 
dynamics of the latter was uneven, and was characterized by 
a decrease in this indicator on 10 and 30 days after the opera-
tion. This may indicate different mechanisms for increasing the 
number of astrocytes expressing GFAP. It can be assumed that 
not all cells of this type normally express GFAP, and impaired 

hemocirculation leads to their activation, which leads to the 
manifestation of these properties. The growth in the number 
of astrocytes after one month of the experiment, it must be 
assumed is already connected with a real increase in their 
number due to proliferation [28].

It should also be noted that despite the fact that the amount of 
microglia from 10 days of the experiment did not significantly 
differ from the control, a certain part of these cells could be con-
sidered as reactively [4,17,29]. The latter was manifested by an 
increase in cell bodies, a decrease in the number, but a thickening 
of the processes. Considering that a number of authors indicate 
that the microglia reaction precedes changes in astrocytes, in 
our case it can be assumed that microglia cell hyperplasia is ac-
companied by an increase in the production of pro-inflammatory 
factors [20, 25] without a significant increase in its number. On 
the other hand, given that astrocytes are intimately associated 
with blood vessels [18], it can be assumed that this determines 
their more pronounced reaction with relatively small circulatory 
disorders in the sensorimotor cortex with LCA.

In our observations, in general, it was not possible to identify 
a significant increase in S100 expression in the sensorimotor 
cortex, although a tendency to its growth was noted. However, 
its increase in some parts of the cells, which made them notice-
able against the background of more or less uniform expression 
in the sensorimotor cortex, nevertheless coincides with the data 
of other observations [3,27]

Despite the presence of a blood-brain barrier, in the blood 
from 5 to 92% of the examined people who had no history of 
cerebrovascular accidents, antibodies to tissue components of 
the brain are detected [7,15]. Our sensitization of rats with a 
brain antigen performed by us to model this phenomenon was 
not accompanied by clear signs of neurological deficit. How-
ever, significant increases in blood levels of anti-brain antibod-
ies and circulating immune complexes were noted [1]. It should 
be noted that they also increased with LCA, but to a much lesser 
extent [1]. Morphologically in the sensorimotor cortex, sensi-
tization led to an increase in the number of reactively named 
neurons during the first month of observation and to a slight in-
crease in the number of gliocytes after one and three months of 
observation [10].

Our studies revealed a reliable, gradually increasing increase 
in the number of GFAP + cells in the sensorimotor cortex af-
ter sensitization with the brain antigen. In rats of this group, as 
in PSA, the increase in astroglia was greater than microglia. A 
comparison of these results with those of LCA showed their sig-
nificantly greater value during the first month of the experiment. 
Assessment of the number of microglia cells in Ks showed a 
gradual increase in their number, which became reliably large 
compared to K group only three months after sensitization. As 
for the assessment of S100 protein expression, no significant 
quantitative changes were observed in the LCA group.

The combination of software and sensitization also did not re-
veal significant changes in S100 expression. The increase in the 
number of labeled astrocytes was not significantly different from 
Ks group. The number of microglia cells significantly increased 
both in comparison with K and Ks groups.

Sensitization significantly stimulated an increase in the num-
ber of both astrocytes and microglia in the sensorimotor cortex. 
At certain stages of observation, they were significantly higher 
than those for Ks and, in the vast majority, for LCA. Also, in these 
animals, a significant increase in S100 expression was observed af-
ter 3 (15) days of the experiment compared with Ks, although such 
a point increase does not seem to be generally convincing.
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A comparison of the levels of changes in the studied param-
eters with a combination of sensitization and LCA suggests that 
sensitization plays a more significant role in them.

In general, the observed reactions suggest that with discircula-
tory disturbances in the brain in rats, revealed changes in astro-
cytes and microglia tend to reverse. This can be explained by 
the fact that the animals used in the experiment were practically 
healthy and had high compensatory-adaptive potencies. In hu-
mans, a similar reverse development of glial reactions cannot be 
expected, since cerebral hypopefusion / dyscirculation develops 
against the background of changes in the vascular bed, which, 
as a rule, also progress [21]. Accordingly, similar changes in hu-
man glia of the brain will act as secondary factors contributing 
to neurodegenerative processes [16,19].

Conclusion. Relatively small hemocirculation disorders in 
the brain with unilateral ligation of the carotid artery can cause 
activation of astrocytes and microglia. In this case, the reaction 
of astrocytes detected by the expression of GFAP is more pro-
nounced than Iba 1 + cells. Perhaps this is due to the close con-
tact of astrocytes with blood vessels. A significant role in glia 
changes is played by sensitization by cerebral antigens, which 
develops with impaired hemocirculation in the brain and poten-
tiates the damage caused by it. When extrapolated to humans, it 
can be assumed that sensitization can make a significant contri-
bution to the development of brain damage in conditions associ-
ated with hypoperfusion.
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SUMMARY

REACTIONS OF ASTROCYTES AND MICROGLIA OF 
THE SENSORIMOTOR CORTEX AT LIGATION OF 
THE CAROTID ARTERY, SENSITIZATION OF THE 
BRAIN ANTIGEN AND THEIR COMBINATION

Yaremenko L., Grabovoi A., Cherkasov V., Lakhtadyr T., 
Shepelev S.

Bogomolets National Medical University, Kiev, Ukraine

The aim of the work is to identify changes in the state of astro-
cytes and microglia with unilateral ligation of the carotid artery, 
sensitization with the cerebral antigen and their combination in 
the sensorimotor cortex in rats.

Studies were performed on 185 male Wistar white rats weigh-
ing 260-290 g. The brain was examined 1, 3, 10, 30 and 90 days 
after surgery and, respectively, 12 (1), 15 (3), 22 (10 ), 42 (30), 
102 (90) days after sensitization (surgical intervention).

Immunohistochemical reactions were carried out in accor-
dance with the manufacturer’s protocols. Primary antibodies 
were used in the work: S100 (Dako, Denmark); GFAP (Dako, 
Denmark), Iba-1. Densitometric measurements of S100 expres-
sion were performed using ImageJ 1.46 and counting the num-
ber of labeled GFAP and Iba-1 cells. Statistical processing was 
performed using t-student test.

In general, the observed reactions suggest that with discircula-
tory disturbances in the brain in rats, the detected changes in as-
trocytes and microglia tend to reverse. This can be explained by 
the fact that the animals used in the experiment were practically 
healthy and had high compensatory-adaptive potencies. In hu-
mans, a similar reverse development of glial reactions cannot be 
expected, since cerebral hypopefusion / dyscirculation develops 
against the background of changes in the vascular bed, which, 
as a rule, also progress. Accordingly, similar changes in human 
glia of the brain will act as secondary factors contributing to 
neurodegenerative processes.

Comparatively small hemocirculation disorders in the brain 
with unilateral ligation of the carotid artery can cause activation 

of astrocytes and microglia. In this case, the reaction of astro-
cytes detected by the expression of GFAP is more pronounced 
than Iba 1 + cells. Perhaps this is due to the close contact of 
astrocytes with blood vessels. A significant role in glia changes 
is played by sensitization by cerebral antigens, which develops 
with impaired hemocirculation in the brain and potentiates the 
damage caused by it. When extrapolated to humans, it can be 
assumed that sensitization can make a significant contribution to 
the development of brain damage in conditions associated with 
hypoperfusion.

Keywords: carotid ligation, discirculatory disorders, S100, 
GFAP, Iba-1.

РЕЗЮМЕ

Реакции астроцитов и микроглии сен-
сомоторной коры при перевязке сонной 
артерии, сенсибилизации мозговым ан-
тигеном и их КОМБИНАЦИИ

Яременко Л. М., Грабовой А.Н., Черкасов В.Г., 
Лахтадыр Т.В., Шепелев С.Е.

Национальный медицинский университет им. А.А. Бого-
мольца, Киев, Украина

Цель исследования - определить изменения состояния 
астроцитов и микроглии при односторонней перевязке сон-
ной артерии, сенсибилизации мозговым антигеном и их 
комбинации в сенсомоторной коре у крыс.

Исследования проведены на 185 самцах белых крыс ли-
нии Вистар весом 260-290 г. Головной мозг исследовали 
спустя 1, 3, 10, 30 и 90 суток после оперативного вмеша-
тельства и, соответственно, спустя 12 (1), 15 (3), 22 (10), 
42 (30), 102 (90) дней после сенсибилизации (оперативного 
вмешательства).

Иммуногистохимические реакции проводили в соответ-
ствии с протоколами производителя. В исследовании ис-
пользованы первичные антитела: S100 (Dako, Denmark); 
GFAP (Dako, Denmark), Iba-1. Проведены денситометриче-
ские измерения экспрессии S100 при помощи Image J1,46 
и подсчет количества меченых GFAP и Iba-1 клеток. Ста-
тистическую обработку проводили при помощи t-критерия 
Стьюдента.

Наблюдаемые реакции позволяют судить, что при дис-
циркуляторных нарушениях в мозге у крыс выявленные 
изменения астроцитов и микроглии проявляют тенденцию 
к обратному развитию. Это можно объяснить тем, что жи-
вотные, используемые в эксперименте, были практически 
здоровы и обладали высоким компенсаторно-приспособи-
тельным потенциалом. У человека нельзя ожидать подоб-
ного обратного развития глиальных реакций, поскольку 
гипоперфузия мозга/дисциркуляция развивается на фоне 
изменений сосудистого русла, которые, как правило, еще и 
прогрессируют. Соответственно, аналогичные изменения 
глии мозга у человека выступают как вторичные факторы, 
способствующие нейродегенеративным процессам.

Сравнительно небольшие нарушения гемоциркуляции в 
мозге при односторонней перевязке сонной артерии спо-
собны вызвать активацию астроцитов и микроглии. При 
этом реакция астроцитов, выявляемая по экспрессии GFAP, 
более выражена, чем Iba 1+-клеток, что, по всей вероятно-
сти, связано с тесным контактом астроцитов с кровенос-



	
Georgian Medical News  
No 7-8 (304-305) 2020

© GMN 127 

ными сосудами. Значимую роль в изменениях глии играет 
сенсибилизация мозговыми антигенами, развивающаяся 
при нарушениях гемоциркуляции в мозге и усиливающая 
повреждения, вызванные ею. При экстраполяции на чело-
века следует полагать, что сенсибилизация может вносить 
существенный вклад в развитие повреждений мозга при со-
стояниях, связанных с гипоперфузией.

reziume 

sensomotoruli qerqis astrocitebisa da mik-
rogliis reaqcia saZile arteriis gadakvanZvis, 
tvinis antigeniT sensibilizaciis da maTi kom-
binaciis dros

l. iaremenko, a. grabovoi, v. Cerkasovi, 
t. laxtadiri, s. Sepelevi

a. bogomolcis sax. erovnuli samedicino univer-
siteti, kievi, ukraina

kvlevis mizans warmoadgenda virTagvebis sen-
somotorul qerqSi astrocitebis da mikrogliis 
mdgomareobis cvlilebebis Sefaseba saZile ar-
teriis calmxrivi gadakvanZvis, tvinis antigeniT 
sensibilizaciis da maTi kombinaciis dros.
kvleva Catarda Wistar-is xazis 260-290 gr masis 

185 TeTr mamr virTagvaze. Tavis tvinis kvleva 
ganxorcielda operaciuli Carevidan 1, 3, 10, 30 da 
90 dRis Semdeg da, Sesabamisad, sensibilizaciidan 
12 (1), 15 (3),  22 (10),  42 (30),  102 (90) dRis Semdeg.
imunohistoqimiuri reaqciebi Catarda mwar-

moeblis protokolebis Sesabamisad. kvlevaSi 
gamoyenebuli iyo pirveladi antisxeulebi: S100 
(Dako, Denmark), GFAP (Dako, Denmark), Iba-1. Catarebu-
lia S100-is eqspresiis densitometriuli gazomva 

Image J1,46-is gamoyenebiT da gansazRvrulia ni-
Sandebuli GFAP da Iba-1 ujredebis raodenoba. 
Sedegebi statistikurad damuSavda stiudentis 
t-kriteriumis gamoyenebiT.
ganviTarebuli reaqciebi miuTiTebs, rom vir-

Tagvebis Tavis tvinis discirkulaciuri dar-
Rvevebis dros astrocitebisa da mikrogliis cv-
lilebebs axasiaTebs ukuganviTarebis tendencia. 
es SeiZleba aixsnas imiT, rom eqsperimentSi gamo-
yenebuli cxovelebi iyo praqtikulad janmrTeli, 
maRali kompensaciur-SemgueblobiTi potencial-
iT. adamianis organizmSi gliis reaqciis aseTi 
ukuganviTarebiTi xasiaTi mosalodneli ar aris, 
radganac tvinis hipoperfuzia/discirkulacia 
viTardeba sisxlZarRvovani kalapotis cvlile-
bebis fonze, romelic, rogorc wesi, amave dros 
progresirebs kidec. Sesabamisad, adamianis tvinis 
gliis cvlilebebi neirodegeneraciuli proce-
sebis xelSemwyob meorad faqtors warmoadgens.
tvinSi hemocirkulaciis SedarebiT mcire dar-

Rvevebma saZile arteriis calmxrivi gadakvan-
Zvis dros SeiZleba gamoiwvios astrocitebis 
da mikrogliis aqtivacia. amasTan, astrocitebis 
reaqcia, gamovlenili GFAP-is eqspresiiT ufro 
gamoxatulia, vidre Iba 1+-ujredebisa. SesaZloa, 
es dakavSirebulia astrocitebis mWidro kon-
taqtTan sisxlZarRvebTan. gliis cvlilebebSi 
mniSvnelovan rols asrulebs sensibilizacia 
tvinis antigenebiT, romelic viTardeba tvinis 
hemocirkulaciis darRvevis dros da aZlierebs 
mis mier gamowveul dazianebebs. adamianis orga-
nizmze eqstrapolaciis dros unda vivaraudoT, 
rom SesaZloa sensibilizaciam mniSvnelovani 
wvlili Seitanos tvinis dazianebis ganviTareba-
Si hipoperfuziasTan dakavSirebuli mdgomareo-
bebis dros.

THE PHYSIOLOGICAL BASIS FOR ASSESSMENT OF HAEMODYNAMIC PARAMETERS 
BY MEANS OF ARTERIAL PRESSURE PULSE WAVEFORM ANALYSIS IN PERIPHERAL ARTERIES

1Pugovkin A., 1Erkudov V., 2Sergeev I., 3Khananashvili Y.

 St.Petersburg State Pediatric Medical University; 2I.P. Pavlov Institute of Physiology, 
Russian Academy of Sciences, St. Petersburg; 3State Medical University, Rostov-on-Don, Russia

Online control of the major haemodynamic parameters – sys-
temic arterial pressure (SAP) and cardiac output (CO) is an ac-
tual problem both in the intensive care and open-chest surgery. 
The common obstacle in the implication of various clinical ap-
proaches for measuring and monitoring of these parameters is 
the problem of combination of precision, practical simplicity 
and minimal damage. This can be provided by means of non-
invasive pulse waveform analysis in peripheral arteries with fur-
ther reconstruction of the pressure and flow pulse waveforms in 
the major arterial vessels [12, 20, 31, 33]. This methodology was 
suggested long ago [16, 7, 25], but its practical implementation 
remained limited for decades by the absence of suitable com-
puter software. Progress in computer programming has made 

this methodology accessible both in clinical practice and experi-
mental research.

Correlation between simultaneous and corresponded periodi-
cal processes in the cardiovascular system that follow pulsatile 
heart performance can be expressed in terms of transfer func-
tions – differential operators that describe such correlations 
[2, 9, 11, 20, 21, 22, 26, 32, 33, 34, 43]. According to com-
mon views [4, 6, 7, 13, 14, 29, 45] this approach is effective 
only under steady-state conditions in the cardiovascular system. 
Physiological responses evoked by changes in circulation blood 
volume (CBV), action of vasoactive agents, surgical manipula-
tions and various pathological states critically increase technical 
and calculating errors of such estimations [19, 28, 37, 38, 39, 


