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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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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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VESTIBULAR NUCLEUS NEURONS UNDER THE CONDITIONS OF STIMULATION OF
THE HYPOTHALAMUS NUCLEI

Danielyan M.H'*, Karapetyan K.V!, Sarkisyan S.H!, Nebogova K.A!, Isoyan A.S!, Chavushyan V.AL
!Orbeli Institute of Physiology NAS RA, Yerevan 0028, Armenia.

Abstract.

Prolonged vibration exposure leads to alterations of the
central control mechanisms of both the vestibulo-ocular and
the vestibulo-autonomic systems, including a change in the
hypothalamic-vestibular relationships associated, in particular,
with the supraoptic nucleus and paraventricular nucleus. Post-
vibration disturbances of the vestibular function are largely due
to adaptive changes in neurotransmitter activity. The dynamics
of spike activity of single neurons of the superior vestibular
nucleus (SVN) in response to high-frequency stimulation of the
paraventricular and supraoptic hypothalamic nuclei after long-
term vibration exposure were analyzed. Analysis of impulse
activity revealed the prevalence of tetanic potentiation in the
responses of SVN neurons to high-frequency stimulation of
paraventricular and supraoptic nuclei of rats. Exposure of
animals to vibration led to a decrease in the number of neurons
with tetanic potentiations and significant dominance of post-
tetanic potentiation. Morphological and histochemical results
showed that under hypothalamic stimulation in the SVN neurons
of rats exposed to vibration, there is an increase in metabolism
and dephosphorylation processes in the cellular structures of the
studied brain area, which ultimately provides optimal conditions
for the processes of cell survival and regeneration.

Key words. Superior vestibular nucleus, vibration, single
neuronal activity, tetanic stimulation.

Introduction.

The vestibular system is a substrate for the interaction of
numerous afferent and efferent pathways that connect them
with the cortex and a number of subcortical structures [1]. The
converging vestibular, visual, and somatosensory afferents have
been observed at the level of the vestibular nuclei [2,3].

Vibration disease can occur even with weak vibration exposure
(VE), affecting the nervous, cardiovascular, and motor systems.
Prolonged VE leads to vestibular system disorders, manifested
in the form of subjective complaints of dizziness, impaired
coordination of movements, etc. [4]. VE leads to alterations
of the central control mechanisms of both the vestibulo-ocular
and the vestibulo-autonomic systems, including a change in
the hypothalamic-vestibular relationships associated with the
supraoptic nucleus (SON) and paraventricular nucleus (PVN).
Moreover, hypothalamic neuropeptides can act as pathogenic
modulators of the disorders of the hypothalamic-vestibular
connection.

Projections from the vestibular nucleus (VN) to the PVN
and SON have been described suggesting that this pathway is
likely polysynaptic [5]. These results provide morphological
evidence for the existence of a vestibular stress pathway in
rat brain and support the view that the HPA axis is modulated
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by vestibular stress [6]. In addition, the responses of PVN
neurons induced by vestibular stimuli also suggest a pathway
from the VN to the PVN [7]. Vestibular stimuli will increase
the expression of arginine vasopressin in the PVN [8] and its
secretion into the blood [9,10]. Correction of the functions
based on the use of endogenous neurohumoral peptides may
serve as a fundamentally new approach to address the problem
of regulating the activity of the CNS in pathology.

In the present work, the VE model was used to study the
parameters of the impulse activity of SVN neurons caused
by the stimulation of the PVN and SON. Morphological and
histochemical studies were performed to support the results of
the electrophysiological studies.

Materials and methods.

Animals:

The work was performed using albino rats (mean weight 250
+ 30 g) from the vivarium of L.A. Orbeli Institute of Physiology
NAS RA, which were kept under standard vivarium conditions.

Electrophysiology:

Plasticity of the hypothalamic-vestibular connections was
studied by analyzing the spike activity of single neurons of the
SVN in conditions of high-frequency stimulation (HFS) of PVN
and SON in rats. Animals were divided into two groups (n=6
per group): naive rats that served as a control group and rats that
were exposed to vibration (15 days, 2 hours/day, on a vibrating
stand (frequency 60 Hz, vibration amplitude 0.4 mm).

In acute -electrophysiology experiments animals were
immobilized with 1% dithylin (25 mg/kg, i.p.) with artificial
respiration being performed. After fixing the skull in the
stereotaxic apparatus, an isolated brain areca was obtained by
dorsal laminectomy and spinal cord transection (T2-T3) under
local Novocain anesthesia. Bipolar concentric electrodes with
a tip diameter of 30 um were used to stimulate the PVN and
SON. The distance between the electrodes was between 0.5-0.8
mm. The parameters of electrical stimulation were as follows:
rectangular current, pulse duration 0.05 msec, amplitude
0.12 - 0.18 mV, frequency 100 Hz, duration 1 sec. A glass
microelectrode with a width of the tip of 1-2 um, filled with 2M
NaCl solution, was inserted into the SVN to record the impulse
activity of single neurons as a response to the HFS of the PVN
and SON from the ipsi- (i) and contralateral (c) sides.

Recording and stimulating electrodes were inserted into rat
brain (the right side - ipsilateral and left side - contralateral)
according to the stereotaxic coordinates [11] SON (AP- 1.3,
ML =+ 1.8, DV + 9.4 mm); PVN (AP -1.8, ML £+ 0.6, DV +
7.6 mm), and SVN (AP-11.5, ML £ 2.5, DV + 6.4 mm). The
analysis of spike activity revealed the acceleration of impulse
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flow during HFS (tetanic potentiation, TP) and post-stimulus
time (post-tetanic potentiation, PTP), as well as the deceleration
of the impulse flow during HFS (tetanic depression, TD) and
post-stimulus time (post-tetanic depression, PTD). Different
combinations of responses, such as TP-PTP, TP-PTD, TD-
PTD, TD-PTP were recorded. In each experimental group, the
relative contribution of excitatory or inhibitory responses was
calculated as a percentage share of the analyzed neurons with
the corresponding type of response. The intensity levels of these
responses were estimated based on the mean levels of the spike
activity frequencies before stimulation (Mbs), after stimulation
(Mps), in the course of HFS (Mhfs) in real time. The intensity
levels of TP, PTP, TD and PTD were calculated as: TP = Mhfs/
Mbs; PTP = Mps/Mbs; TD = Mbs/Mhfs; PTD = Mbs/Mps,
respectively.

Histochemistry:

To obtain the brains for histochemical analysis, the animals
were lethally anesthetized by intraperitoneal injection of
sodium pentobarbital (60 mg/kg body weight), brains were
extracted and fixed for 2-3 days in 5.0 % paraformaldehyde in
0.1 M phosphate-buffered saline (PBS), pH 7.4. Then the tissue
was cut into 40-50 pm-thick frontal sections using a cryostat
and processed using a method for detecting the activity of Ca**-
dependent acid phosphatase (AP) [12]. The frontal slices were
washed in distilled water and transferred into an incubation
mixture containing 0.4% lead acetate, 1 M acetate buffer (pH
5.6), and 2% sodium glycerophosphate for 2-3 h at 37° C. After
incubation, the slices were washed in distilled water. Since
they are translucent, the slices were transferred to 3% sodium
sulfide solution for visualization, rewashed in distilled water
and embedded into Canada balsam, a commonly used mounting
medium, to prepare permanent slides. This methodological
approach is based on the identification of intracellular
phosphorus-containing compounds that occupy key positions in
metabolic energy processes aimed at the preservation and self-
reproduction of the vital systems. When AP activity is tested,
the phosphate ions released under the action of the enzyme can
freely move in the mixture and react with different structures,
regardless of their spatial arrangement, and after incubation in
the solution of sodium sulfide it turns into a visible dark brown
precipitate of lead sulfide.

Statistical analysis:

The significance of the changes in the duration of interspike
intervals before and after stimulation was assessed using a
nonparametric criterion for the homogeneity of two independent
samples by the Wilcoxon-Mann-Whitney two-sample criterion.
The statistical analysis of the results was carried out using the
variation statistical Student’s t-test. The results are presented as
mean + SEM. The shape of the sliding frequency graphs was
used to assess the stationary process of the background impulse
activity using the non-parametric Kolmogorov—Smirnov
criterion [13]. The comparison of critical values with tabular
values of the normal distribution at significance levels of 0.05,
0.01, and 0.001 (for various tests) shows that, as a result of
the HFS, for most neural activity spiking samples, there is a
statistically significant change with at least a significance level
of 0.05.
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Results.

Electrophysiological study:

The character of the changes of 98 SVN neurons of intact
animals to HFS of the PVN and SON was analyzed. Among
them 44 neuron activities were recorded in the right-side
(ipsilateral) and 54 in the left-side (contralateral) of the SVN.
From all recorded neurons, 13.6 + 5.4% showed no response to
the stimulation of the PVN and 16.7% = 4.5% were nonreactive
to the stimulation of the SON.

Amongst all reactive neurons (n=38) of the right-side SVN
stimulated by the contralateral PVN (c-PVN) and ipsilateral
SON (i-SON), only 21.0 £ 2.0% demonstrated monomodal
character; the other recorded units that responded to HFS of
both hypothalamic nuclei showed bimodal characteristics.
Responses of the majority of bimodal neurons (71.0 £ 5.5%)
were unidirectional while multidirectional reactions were
present only in 8.0 + 3.0% of the cells (Figure 1, white bars).

Analysis of the reactive neurons (n=54) on the left side SVN to
the stimulation of the ipsilateral-PVN (i-PVN) and contralateral-
SON (c-SON) revealed the presence of 35.6%+3.6% of
monomodal neurons, 62.2 + 3.2% of bimodal neurons with
unidirectional reaction and around 2% were bimodal neurons
with unidirectional responses (Figure 1, black bars).

Figure 1. Reactions of the neurons in the left-sided (black bars) and
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right-sided (white bars) SVN to the stimulation of the hypothalamic
nuclei in the control group: monomodal neurons (mono), bimodal
neurons with unidirectional reactions (bi-unidir), bimodal neurons
with multidirectional (bi-multidir) responses. * — p < 0.05, ** — p
<0.01 (Student’s t-test).

Analysis of the character of the right-side SVN neuronal
response to the HFS revealed a high percentage of tetanic
potentiation (TP) upon stimulation of the ipsilateral-SON
(i-SON) (89.5 = 9.9%) and the contralateral-PVN (c-PVN)
(84.2 £ 5.8%), as well as post-tetanic potentiation (PTP) which
together (TP + PTP) amounted up to 23.7 + 0.8%, and 3.2 +
0.2%, respectively (not shown in Figure 2). In neurons of the
left-side SVN, the percentage of TP during stimulation of c-SON
was 77.8 + 4.4%, i-PVN — 84.4 £ 1.9%, and TP + PTP—22.2 +
0.6% and 20.0 + 0.7%, respectively (not shown in Figure 2). In the
control group animals, tetanic depression (TD) was recorded only
after HFS of the PVN and amounted to 5.2 + 0.32% for c-PVN and
2.2+ 0.13% for i-PVN, respectively (Figure 2a).
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Figure 2. The percent of inhibitory, excitatory, and non-reactive neurons in the right- and left-sided SVN to HF'S of the hypothalamic nuclei of
intact control animals (a) and after exposure to long-term vibration (b). i-PVN — is ipsilateral PVN relative to the recording electrode side, c-PVN
- is contralateral PVN relative to the recording electrode side, the same as i-SON and c-SON. Inhibitory -TD, TD+PTD, TD+PTP; excitatory —TP,

TP+PTP.

After exposure to vibration for 15 days, 80 SVN neurons
were examined: 42 on the right side and 38 on the left side,
from which 2.9 + 0.14% and 5.9 + 0.25% (c-PVN and i-SON)),
17.1 £0.45% and 11.4 + 1.1% neurons (i-PVN and c-SON), were
nonreactive to hypothalamic stimulation, respectively (Figure 2).

%

Vibration group

n-

left right left
mono

right left
bi-multidir

bi-unidir
Figure 3. Reactions of the neurons in the left-sided (black bars) and
right sided (white bars) SVN to the stimulation of the hypothalamic
nuclei in the group of animals with vibration exposure: monomodal
neurons (mono), bimodal neurons with unidirectional reactions (bi-
unidir), bimodal neurons with multidirectional (bi-multidir) responses.
*p <0.05, **p <0.01 (Student’s t-test).

Analysis of the character of the neuronal response of the
right side of the SVN to the c-PVN HFS after long term VE
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revealed decrease in monomodal units. The bimodal neurons
with unidirectional reactions were represented by 55.8+5.1%
of the cells, 35.4+10.8% of the cells were multidirectional and
8.8 £ 0.6 % were monomodal (Figure 3, white columns). On
the left side the bimodal neurons with unidirectional reactions
comprised 31.4 + 0.2%, whereas 40.0 + 1.4% of the cells had
multidirectional reactions and 28.6% were monomodal. (Figure
3, black bars).

The proportion of the right side SVN neurons with TP, PTP
and TP + PTP reaction (excitatory) to c-PVN stimulation after
long term VE was 85.4 = 1.3% (in total); whereas stimulation
of i-SON revealed excitatory responses up to 82.4 + 1.1% ( in
total) in the right side SVN (Figure 2b).

Compared with controls, a high percentage of TD reactions
was revealed for stimulation both of PVN and SON. An equal
number of neurons (11.7 + 0.9%) responded with depressive
effect to the HFS of the c-PVN and i-SON in the right side SVN:
TD - 11.7 £ 0.8% and TD + PTD - 2.9%. The number of PTD
responses were relatively high in the left side SVN: i-PVN -
22.9£0.9% (TD - 8.6%, TD + PTP - 14.3%), c-SON - 17.2 +
3.2% (8.6% each, respectively) (Figure 2b).

Histochemical study:

The morphological and histochemical analysis revealed that
in the frontal slices of the Varoli’s pons of the intact rats the
SVN clearly stands out from the lower part of the cerebellar
peduncle as a grey mass consisting of non-bundled, medium-
sized polygonal cells with high AP activity in the soma and
processes (Figure 4a). Their nuclei were round, large, bright,
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surrounded by a cytoplasmic border in which the granular
precipitate of lead sulfide is distributed evenly, which is formed
during the development of sections in a solution of sodium sulfide
with cell bodies being stained more intensely than the processes
(Figure 4A).

10 pm

.’/‘

Figure 4. The neurons of the SVN of control animals. (4, a) and after
exposure to vibration (B-1) (the nuclei of the glial cells are shown by
the arrows). Results of detection of the activity of Ca+2-dependent
acid phosphatase. Magnification: %400 (a, b, D, E, f, h); x1000 (4,
B CF G HI).

The shape of most neurons was not altered in response to the
15-day vibration, however; intracytoplasmic granulation was
enhanced in response to VE (Figure 4B). Processes with rare
branches in the given section plane were observed for some
neurons at a rather long distance from the body with such a
lesion (Figure 4D, E). Often, there were areas where enclosed
satellite glial cells were visible in the marginal regions of the
cytoplasm and on the processes (Figure 4 B, D, E). The staining
intensity was enhanced in the soma of most nerve cells, which
gives the impression of a homogeneous color (Figure 4 F, I).
A distinct swelling of nerve cells was not observed; however,
a disproportionately large swollen nucleus manifested its
disturbed state and adaptations to the metabolic changes.
Moreover, in most cases, it moved to the periphery of the cell. In
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very rare cases, there was a sharp increase in AP activity in the
nuclei of neurons (Figure 4C), which probably indicates acute
activation of nerve cell biochemical reactions [14].

Pathological changes in the nerve cells led to the appearance
of a satellite neuroglia reaction, which is very sensitive to the
changes in the nervous tissue. The nuclei of neuroglia increased
in size, the shape became variable, amoeboid, and granulation
appeared in the form of large grains and threads (Figure 4 B-E).
The nuclei of neuroglia encompassed all sides of the soma and
processes of the nerve cell like nodes (Figure 4F). Chromatin
was located on the periphery and, as it were, glued to the nuclear
membrane in some nuclei. This might manifest to a protective
reaction of glial cells in relation to the neurons, which reflects
the existence of close interaction between the neuronal and glial
cells as of an integral unit.

The appearance of satellite neuroglia is of great importance in
the metabolic processes in the nervous tissue [15]. In response
to vibration, neuroglia react by proliferation, probably to clear
this area of the cleavage products due to degenerative lesions

Discussion.

The hypothalamus is the highest integrative center of
autonomic functions. It operates through numerous reciprocal
direct and polysynaptic connections with vegetative centers of
the brain, in particularly with the bulbar nuclei and the thoracic
segments of the spinal cord. Interestingly, the largest number of
labeled cells in the PVN of the hypothalamus and the highest
distribution density of the latter were observed on the ipsilateral
side (right-side) [16]. At the same time, analysis of our results,
under the conditions of persistent reproducible TP reactions
in repeated trials, revealed that, responses of SVN neurons to
HFS of the PVN and SON are non-significantly higher during
stimulation on the ipsilateral side compared to that on the
contralateral side (62.2% and 65.8% of cells against 60.5% and
51.1%, respectively, p<0.08).

After VE for 15 days, as compared with controls, the intensity
levels of SVN neurons with TP were decreased (3.0- and 2.5-
fold during the stimulation of the i-PVN and i-SON, and 1.5-
and 1.6-fold, during the stimulation of the c-PVN and c-SON,
respectively, p<0.05). In addition, the number of units with PTP
was increased, and the intensity of PTP at i-PVN stimulation
raised 13-fold at c-PVN stimulation 3-fold, and at stimulation
of c-SON 5-fold (p<0.05). No neurons with such response were
recorded after HFS of i-SON in control animals. However, they
were observed after 15 days of VE and the proportion of such
neurons was around 2.4 %.

The disturbance of the vestibular function that occurs in
the post-vibration period is largely the result of the changes
in neurotransmission activity. As it is known, VE causes
multidirectional changes in the activity of norepinephrine
and serotonergic systems, the regulation of which is due to
increased activity of some or inhibition of other monoaminergic
systems [17]. In turn, the activation of the GABAergic system
in the vestibular nuclei should be associated with cerebellar
inhibitory impulse from Purkinje cells, which is one of the most
important mechanisms of neurotransmitter adaptation during
vibration [18]. Activation of the cholinergic system of the
hypothalamus in the post-vibration period is probably caused
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by the stimulating effect of dopaminergic terminals involved in
the central regulation of endocrine functions [19]. Although the
biochemical nature of the descending projections (containing
oxytocin, vasopressin, somatostatin, enkephalin or tyrosine
hydroxylase) is heterogeneous [20], immunocytochemical
studies in rats showed that the fibers of the caudal hypothalamic
pathways of the PVN are predominantly oxytocinergic and only
a small fraction of the fibers going to the nucleus as a single
bundle contain vasopressin [21,22]. This indicates the inclusion
of the central mechanisms of regulation of the hypothalamic-
hypophysis-adrenocortical system in response to VE, the
main regulator of which is corticoliberin, which is mainly
synthesized by neurosecretory cells of the PVN and SON. In
contrast, scientists found reciprocal connections between the
vestibular nuclei and the hypothalamus in their experiments,
suggesting a potential vasopressinergic pathway from the
PVN to the vestibular nucleus [23,24]. The restriction of the
negative effects of vibration stress is enhanced by the activation
of GABAergic interneurons, which form inhibitory synapses on
dendrites of cells of hypothalamic nuclei [25]. In addition, the
location of the vestibular nucleus that dorsally borders the floor
of the fourth cerebral ventricle is convenient for the potential
modulation by vasopressin from the cerebrospinal fluid [26]. It
is possible that high expressions of vasopressin receptors in the
vestibular nucleus contribute to the development of vestibular
compensation after vibration.

In the present work, it was found that under hypothalamic
stimulation in the SVN neurons of rats exposed to vibration,
there is an increase in AP activity testifying to some extent to
increased metabolism and to an increase in dephosphorylation
processes in the cellular structures of the studied area of the
brain. Our results suggest that hypothalamic hormones, acting
on the biochemical processes in the brain, regulate Ca2+-
dependent AP and enhance its activity in SVN neurons [27].
Glia is known to play an important role in the survival of neurons
and is involved in the regulation of the ionic composition of the
environment, which is necessary for the physiological function
of neurons. It is in some way an intermediary between blood
vessels and nerve cells and is also a specific support system.
In response to external factors, in this case, vibration exposure,
neuroglia responds against pathohistological changes occurring
in the nervous parenchyma in the form of reactive proliferative
processes. Probably, here there is a manifestation of a protective
reaction of glial cells in relation to neurons, which corresponds
to modern ideas about the existence of a close interaction
between a neuron and a glial cell as an integral unit for a new
qualitative differentiation in pathological conditions. Probably,
here there is a manifestation of a protective reaction of glial cells
in relation to neurons, which corresponds to modern ideas about
the existence of a close interaction between a neuron and a glial
cell as an integral unit for a new qualitative differentiation in
pathological conditions [15].

Evidence from animal studies indicates that the effects of
vibration on the central vestibular pathways are important in
promoting compensatory synaptic and neuronal plasticity in
the vestibular system [28] and these processes are increasingly
recognized as important in the management of vestibular
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dysfunction in humans.
Conclusion.

The analysis of impulse activity revealed the prevalence of
tetanic potentiation in the responses of neurons in the SVN
to high-frequency stimulation of the PVN and SON in intact
animals. Exposure to vibration results in a decrease of the
number of neurons with tetanic potentiation and significant
dominance of post-tetanic potentiation. Post-vibrational
changes in the character of reactions of SVN neurons during
tetanic stimulation of hypothalamic SON and PVN are possibly
determined by the pre- and postsynaptic character of the inputs
to neurons of the hypothalamic nuclei, which might limit the
negative effects of vibration.
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Bausinme pauTeabHOW BHOpanUM Ha  AKTHBHOCTH
HEHPOHOB BepPXHEro BecTHOYJISIPHOTO SIAipa B YCJIOBHSAX
CTHMYJISIIHHA siIeP THIOTaJIaMyca

HNanueasn M.A', Kapanersu K.B!, Capkucan C.I',
He6orosa K.A',

Hcosin A.C', YaBywsiH B.A'.

'Hnemumym gusuonozuu um. Opbenu HAH PA, Epesan 0028,
Apmenus

JurensHoe  BUOpAlMOHHOE BO3JCHCTBHE TIPHBOIUT K
W3MEHEHMSIM I[EHTPAIBbHBIX MEXaHM3MOB pPETYISIIMHA  Kak
BECTHOYJIO-OKYJSIDpHOH, Tak ®  BECTHOYJIO-BEereTaTHBHOU
CHCTEM, B TOM YHCJIC H3MEHEHHUIO THIIOTAJIaMO-BECTHOYIISIPHBIX
B3aMMOOTHOIIIEHUH, CBSI3aHHBIX, B YaCTHOCTH, c
CYIpPaONTHYECKUM SIPOM U TIapaBEHTPHUKYISAPHBIM SIIPOM.
[TocTBUOpanoHHbIE HapyIICHHsT BECTHOYNApHOW (yHKIMN
BO MHOTOM OOYCJIOBJIEHBl aJaNTHBHBIMH H3MEHECHUSIMU
HellpoMeanaTopHOU AKTUBHOCTHU. [Mpoananu3upoBana
JUHAMMKA CIIAiiKOBOM aKTHBHOCTH OJMHOYHBIX HEHPOHOB
BEPXHEro BeCTHOYJSIPHOTO si/Ipa B OTBET Ha BHICOKOYACTOTHYIO
CTUMYJSILIMIO NAPAaBEHTPUKYISIPHOTO M CYyNpPaoHNTHUECKOTO
saep TUIOTajaMyca MOCie IMTEJFHOr0 BHOpAaMOHHOTO
BO3JICHCTBHUA. AHalNM3 WMITYJIbCHOH aKTUBHOCTH BBISBHII
npeoONaaHie TETAaHWYECKOH TIOTEHIMAlMM B OTBETax
HEHPOHOB BEPXHET0 BECTHOYISIPHOTO sI7[pa Ha BLICOKOYACTOTHYIO
CTUMYISILIMIO  TIapaBEHTPHUKYJISAPHBIX W CYNPAaONTHUYECKUX
saep B HopMme. BoszgelicTBue BHOpanuu TPHBOIMIO K
YMEHBIIIEHUIO YUCIIa HEHPOHOB C TETAHUYECKOHW MOTeHIuaIen
W 3HaUUTENBHOMY  IpeoONaJlaHHI0  MOCTTETaHHYECKOU
noreHanuu.  Mopdonorndeckne W TUCTOXHMHYECKHE
pe3ynbTaThl COTNACyOTCA C IPEACTaBIEHHEM O 3aMKHYTOM
B3aMMOJICHCTBUU HEIPOHOB U INIHAIBHBIX KJIETOK KaK €IMHOTO
LEJIOTO ¥ OOHApY>KMBAIOT MOBBIIMICHHE AKTHBHOCTH KHCIIOW
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