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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or compu-
ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width, and 1.5 spacing
between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to Georgian and Russian
materials). With computer-printed texts please enclose a CD carrying the same file titled with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink (or
black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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

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%
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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 um 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
x 320 pum) 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.

15 1'n
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1(12) 3(15)  10(22) 30(42) 90[102)

Hk WMPO WLAC Ks EPOs HLACs

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
0of 430x320 mm. (M +m). 1 (12) -90 (102) day afier 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.

© GMN

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.

1(12)  3(15)

10(22) 30(42) 90(102)

Bk WPC MLAC WEKs EPOs MLACs

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 lefi, 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 Ibal+ 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 Ibal+ 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 Ibal+ 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
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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
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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.

PE3IOME

PEAKIIUU ACTPOLUTOB U MUKPOIVIMU CEH-
COMOTOPHOM KOPBI IPU NEPEBSI3KE COHHOM
APTEPUU, CEHCUBUJIN3ALIUU MO3I'OBbBIM AH-
TUTEHOM U UX KOMBUHAIIUU

SIpemenko JI. M., I'paGosoii A.H., Yepkacos B.I,
Jlaxraapip T.B., Hlenenes C.E.

Hayuonanenwiii meouyunckuii ynusepcumem um. A.A. Boco-

monvya, Kues, Yepauna

Llensp uccnenoBaHusl - ONPEACIUTh M3MEHEHHUSI COCTOSHUS
ACTPOLMTOB U MUKPOIVINH IIPU OJHOCTOPOHHEH MEepEeBsI3KE COH-
HOW apTepuu, CEHCHMOWJIM3AllMM MO3TOBBIM QHTUTCHOM U X
KOMOUHALUY B CCHCOMOTOPHOM KOpe Y KpbIC.

HUccnenoBanus mpoBezieHbl Ha 185 camiax OesbIX KpbIC JH-
Huu Buctap Becom 260-290 r. I'onoBHON MO3r HccnenoBaiu
coycrs 1, 3, 10, 30 u 90 cyTok mocie onepaTuBHOrO BMeIla-
TEJIbCTBA U, COOTBETCTBEHHO, ciycts 12 (1), 15 (3), 22 (10),
42 (30), 102 (90) nueit mocne ceHCUOMIM3aLUH (OIIEPATUBHOTO
BMEIIATENILCTBA).

I/IMMyHOFI/ICTOXI/IMI/ILleCKI/Ie p€akuu MnpoBOAUJIA B COOTBET-
CTBUM C TPOTOKOJIAMM HpOou3BoOIuTENsl. B mccienoBannu mc-
mosb30BaHbl nepBuuHbie antutena: S100 (Dako, Denmark);
GFAP (Dako, Denmark), Iba-1. [IpoBeneHs! neHCHTOMETpHYE-
ckue u3Mepenus sxcnpeccun S100 npu nomomu Image J1,46
u nozacuet konnuectBa MedeHslx GFAP u Iba-1 kierok. Cra-
THUCTHYECKYI0 00pabOTKy MPOBOAMIN HPH ITIOMOIIH t-KPUTEPHS
CThIOICHTA.

Habmonaemble peakiuu Mo3BOJSIIOT CYAUTh, YTO TPU JMC-
LUPKYJIATOPHBIX HApyLIEHUSAX B MO3T€ y KpPBIC BBIABICHHBIC
HU3MCHCHUSA aCTPOLUUTOB U MUKPOIJIMH ITPOABIAOT TCHACHLWIO
K 00paTHOMY Pa3BUTHIO. DTO MOXHO OOBSCHHUTH TEM, YTO KU-
BOTHBIC, I/ICl'IOJ'II)SyeMbIC B DKCIICPUMCHTE, 6]:[.1'[1/1 MpaKkTU4YCCKU
3[0pPOBBI M 00JIa/IaJId BBICOKMM KOMIIEHCATOPHO-IIPHCIIOCO0H-
TENBHBIM MOTEHLIHUAJIOM. Y 4eloBeKa Helb3sl OXKHMIATh M0100-
HOro 0OpaTHOrO pPa3BUTHSI TIIHAJBHBIX PEAKIMH, MOCKOJIBKY
runonepdy3usi Mo3ra/JUCHMPKYISILMS pa3BUBaeTcsi Ha (GoHe
M3MEHEHHI COCYIHCTOrO pycia, KOTOpble, KaK IPaBuiIo, ele 1
nporpeccupytor. COOTBETCTBEHHO, AHAJIOTUYHBIC W3MEHECHUs
[JIMM MO3Ta y 4eJOoBeKa BBICTYNAIOT KaK BTOPUYHBIC (hAKTOPBI,
CIIOCOOCTBYIOIIME HEHPOIereHePaTUBHBIM ITPOLIECCAM.

CpaBHHUTEIBHO HEOOJBIINE HAPYIICHUS IEMOLUPKYISALNH B
MO3re IpH OJHOCTOPOHHEH MepeBsS3Ke COHHOW apTepuH CIIO-
COOHBI BbI3BaTh AKTHBALMIO ACTPOLMTOB M MHKporiuu. [lpu
9TOM pEeaKIysi aCTPOLUTOB, BhisiBIIsieMast 110 dkcnpeccuu GFAP,
Oosiee BhIpakeHa, 4yeM [ba 1+-ki1eToK, 4To, MO BCEil BEPOSTHO-
CTH, CBSI3aHO C TECHBIM KOHTAaKTOM aCTPOLMTOB C KPOBEHOC-
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HBIMH COCyAaMH. 3HAUUMYIO pOJIb B U3MEHEHUSAX IVIMH UIPaeT
CCHCUOMIM3AIMSI MO3TOBBIMM AHTUTCHAMH, pa3BUBAIOLIASICS
OpY HApyLUICHUSX TeMOLUPKY/SIIUK B MO3Te M yCHJIMBAIOLIast
MOBPEXKJICHUS, BbI3BAHHbIC €10. [Ipu AKCTpanosisiuyu Ha 4eso-
BEKa CJICJYeT MoJjiararth, 4YT0 CCHCUOMIN3AIMS MOXKET BHOCHTD
CYLIECTBEHHBIN BKJIAJ] B Pa3BUTHE IOBPEXKICHUN MO3ra IPH CO-
CTOSIHUSIX, CBSI3aHHBIX C rHnonepdy3uneil.
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THE PHYSIOLOGICAL BASIS FOR ASSESSMENT OF HAEMODYNAMIC PARAMETERS
BY MEANS OF ARTERIAL PRESSURE PULSE WAVEFORM ANALYSIS IN PERIPHERAL ARTERIES

'Pugovkin A., 'Erkudov V., *Sergeev 1., *)Khananashvili Y.

St.Petersburg State Pediatric Medical University; ’I.P. Paviov 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

© GMN

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 (CBYV), 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,
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