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The neuroendocrine system occupies an important place in the systemic mechanisms of the body response to stress. The
paraventricular nuclei of the hypothalamus (PVH) are one of the most important links of the brain’s neuroendocrine system
which determine the reactivity of the hypothalamic-pituitary-adrenal axis (HPA) in response to the various stressors and thereby
ensure the development of adaptive reactions by the formation of body resistance to the stress.

The aim of the research was to study the functional state of the peptidergic neurons of the medial parvocellular nuclei of
the paraventricular hypothalamic nucleus (PVHmp) during the multi-day action of intermittent hypobaric hypoxia and in
the posthypoxic period.

Materials and methods. The research was conducted on 24 male Wistar rats. Intermittent hypoxia was modeled by a daily
6-hour stay of rats at an altitude of 6000 m (pO, = 9.8 %) for 15 days, the posthypoxic period lasted for 10 days. The distribution
of corticotropin-releasing hormone (CRH), [Arg®]-vasopressin (AVP), B-endorphin, cFos and HIF-1a proteins was studied by
quantitative immunofluorescence methods in serial frontal sections of the hypothalamus.

Results. The intermittent hypobaric hypoxia stimulated the developing of mild hypertrophy of PVHmp neurons and increased
the concentration of RNA in the cytoplasm by 37 %. An indicator of PVHmp neurons response to hypoxia was 2.5-fold in-
crease in the concentration of the HIF-1a protein in them. IHH elevated the concentration of cFos protein in PVHmp by 37 %,
increased the area of immunoreactivity to AVP by 2.5 times, to CRH and B-endorphin by 3 times. There was an increase in
the synthesis of neuropeptides in response to hypoxia, which led to the elevation in the concentration of AVP in PVHmp by
6.6 times, B-endorphin by 7 times, and CRH by 8.5 times. The immunoreactivity indicators for the HIF-1a protein and its con-
centration in PVYHmp remained at a high level in the posthypoxic period. At the same time, high immunoreactivity to CRH and
B-endorphin in PVHmp was noted, as well as a high concentration of these neuropeptides in neurons against the background of
AVP synthesis inhibition in neurons. It is possible that high rates of neurosecretory activity of PVHmp in the posthypoxic period
may indicate the formation of neuroendocrine mechanisms of adaptation of the HPA axis to the long-term effect of hypoxia.

Conclusions. Intermittent hypobaric hypoxia stimulates the neurosecretory activity of the PVHmp neurons, increases
the synthesis and secretion of CRH and AVP hormones that activate the HPA axis. Synthesis of the secretory response
indicator cFos protein and a central regulator of hypoxic responses HIF-1a protein is also increasing in the peptidergic
neurons of the PVHmp. High levels of the PVHmp neurosecretory activity at the posthypoxic period are preserved and indicate
the formation of neuroendocrine mechanisms of the HPA axis adaptation to the long term intermittent hypoxia exposures.

HeWpoeHAOKPHHHA peaKuia APiIOHOKAITUHHMX HEUPOHIB NapaBEHTPUKYAAPHOTO AApPa
rinoraramyca npu nepepuBYacTii Aii rino6apuuHoi rinokcii

B. 0. LWameHko, €. B. KapxapsH, A. B. AbpamoB

HelpoeHOoKprHHa cucTema Nociaae BaxIMBe MicLe B CUCTEMHUX MeXaHiaMax BignoBiai opraHiamy Ha ctpec. [apaBeHTpu-
KynsipHi sigpa rinotanamyca (PVH) BU3Ha4atoTb peakTUBHICTb rinoTanamo-rinodisapHo-aapeHoKOpTUKanbHOT OCi y BiAnoBiab
Ha pito cTpecopa Oyab-sKoi Npupoay Ta 3abesnevytoTb PO3BUTOK afanTauiHWX peakuii i (hOpMyBaHHS PE3UCTEHTHOCTI
OpraHiamy [jo CTpecy.

MeTta po6oTy — BUBUMTI OCOBNMBOCTI (PYHKLIOHANBHOTO CTaHy NENTUAEPTiYHUX HEMPOHIB MedianbHOro ApiGHOKMITUHHOMO
cy6’sgpa napaBeHTPUKYNsipHOro siapa rinotanamyca (PVHmp) npu GaratogeHHin gii nepepusyactoi rinobapuyHoi rinokcii
Ta B NOCTTIMOKCUYHUI Nepiof.

Matepianu Ta metoau. locnimkeHHs 3aivicHMM Ha 24 camugsax Lwypis niHii Wistar. MepepvByacTy rinokcito mogentoan
WofeHHM B-roanHHIM nepebyBaHHAM LypiB Ha BucoTi 6000 M (pO, = 9,8 %) npotarom 15 AHiB, NOCTHNOKCUYHMIA Nepion
TpueaB 10 AHiB. Po3nogin kopTukoTponiH-puniauHr ropmoHa (CRH), [Arg®l-BasonpecuHa (AVP), B-eHgopdiny, 6inkie cFos Ta
HIF-1a gocnimkyBanu metogamm KinbKicHoT iMyHodyopecLeHLii B cepiiHnx (ppoHTanbHuX 3piax rinotanamyca.

Pe3ynkraTtu. MNepepyisyacra rinobapuyxa rinokcist CTuMyntoBana noMipHy rineptpodito HelipoHis PVHmp i nigBuLLyBana koH-
ueHTpauito PHK y uutonna3ami Ha 37 %. IHavkatopom peakuii HeripoHis PVHmMPp Ha rinokcito Byno 3pocTaHHs B HUX KOHLEHTpaLyji
6inka HIF-1a'y 2,5 pasa. nokcyyHi BNnvBwW NigBuLLYBanu KoHLeHTpauito 6inka cFos y PVHmp Ha 37 %, 36inbLuyBanu nnoLy
imyHopeakTtusHocTi o AVP y 2,5 pasa, no CRH i B-eHgoopdiHy — BTpudi. BCTaHOBMM NOCUNEHHSA CUHTE3Y HelponenTuais
y BignoBiab Ha rinokcito, Lo Npu3Boauno Ao 36inblieHHs koHueHTpauii AVP y PVHmp y 6,6 pasa, B-eHoopdiHy B 7 pasis,
CRHy 8,5 pa3sa. Y nocTrinokcuyHuin nepiog 36epiranmncst Ha BUCOKOMY PiBHI MOKa3HMKKM iMyHopeakTuBHOCTI Ao Ginka HIF-1a
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i ioro koHueHTpauis B PVHmp. BctaHoBunw BUCOKI nokasHukn imyHopeakTueHocTi 4o CRH i B-eHgopdiny B PVHmMp, a
TaKOX BUCOKY KOHLIEHTPALLit0 LIMX HEeMpOnenTUAIB y HepoHax Ha Tri NPUrHiYeHHs cuHTesy AVP. MoXnvBO, BUCOKi MOKa3HMKK
HENpOCEKPETOPHOI akTMBHOCTI PVHMP y NOCTriNOKCMYHMIA Nepiog, MOXYTb CBIAYMTY NPO (POPMYBaHHS HEPOEHAOKPUHHUX
MexaHi3MiB aganTauii rinotanamo-rinogizapHo-agpeHOKOPTUKaNbHOI OCi 40 TPUBANOI Aii rinokKcil.

BucHoBku. [MepepuByacTa rinobapunyHa rinokcis CTUMymtoe HEMPOCEKPETOPHY aKTUBHICTb HEMpOHIB PVHMP, 36inbLuye cuHTe3
i cekpedito ropmoHiB CRH i AVP, Lo akT1BYI0Tb rinoTanamo-rinogisapHo-agpeHoKopTUkarbHy Bick. CuHTES Binki-inaukaTopis
CeKpeTOPHOI BiANOBIZi nenTuaepriYHX HepoHiB (Binka cFos) i kniTuHHOI peakuii Ha rinokcito (6inka HIF-1a) Takox HapocTae.
Bucoki nokasHuku HEMpPOCeKpeTOpHOI akTMBHOCTI PVHmMP y nocTrinokcnyHuiA nepiog 36epiratoteest i caigvate npo opmy-
BaHHS HEMPOEHZOKPMHHMX MEXaHi3MiB aganTauii rinotanamo-rinodisapHo-agpeHOKOPTUKaNbHOI OCi 40 TPMBANOI Aii FiNOKCil.

Heiipo3HAOKPUHHAA peakuUs MEAKOKAETOUHBIX HEMPOHOB NapaBeHTPUKYAIPHOrO AApa
runotanamyca npu npepbiBUCTOM A€CTBUU rMN0OaPUUYECKON TUNOKCUN

B. A. LLlameHkKo, E. B. KapxapsH, A. B. Abpamos

HelipoaHOoKpuHHAs cucTeMa 3aHUMAET BaXkHOE MECTO B CUCTEMHbIX MEXaHW3Max OTBETa OpraHuama Ha cTpecc. [lapaBen-
TPUKYNspHble fapa runotanamyca (PVH) onpenensoT peakTMBHOCTb rvnoTanamo-rnoduapHo-agpeHoKOPTYKanbHOM
0CU B OTBET Ha AieiicTBMe cTpeccopa Ntoboi Nprpodsl M obecneynBatoT TeM caMbiM pasBUTUE aganTaUMOHHbIX peakuuii 1
¢hopMMpOBaHUE PE3NCTEHTHOCTM OpraHn3ma K CTpeccy.

Llenb pa6oTbl — N3y4nTb 0COBEHHOCTU (DYHKLMOHAMNBHOTO COCTOSHWS NENTUAEPTNYECKUX HEAPOHOB MEAManbHOTO MENKO-
KneTo4Horo cybbsapa napaBeHTPUKYNSpHOro siapa runotanamyca (PVHmMp) npy MHOrOQHEBHOM AEWCTBUM NPEPLIBACTON
runobapuyeckoi r1rnoKCHM 1 B NOCTIUMOKCUYECKUIA NEPUOL,

MaTtepuanb! u meTogbl. Miccnenosanve nposegeHo Ha 24 camuax kpbic niuHmm Wistar. [pepbIBUCTYHO MNOKCHI0 MOAENMpO-
Banu exenHeBHbIM 6-4acoBbIM NpebbiBaHneM KpbiC Ha BbicoTe 6000 M (pO, = 9,8 %) B TeueHme 15 AHeil, NOCTIUMOKCMYECKMIA
nepvog anuncs 10 aHeit. Pacnpenenexne kKopTUkoTponuH-punuauHr ropmora (CRH), [Arg®]-Basonpeccuna (AVP), B-aHaop-
dmHa, 6enkos cFos n HIF-1a uccnegosanv MeToaamm KonmyYeCTBEHHOM MMMYHOGITYOPECLIEHLIMN B CEPUIAHBIX (DPOHTASBHBIX
cpesax rynoranamyca.

Pe3ynirathl. [pepbiBrcTas runobapunyeckas rmnokeus CTUMynmpoBara yMepeHHyto rnepTpodntio HermpoHoB PVHMp v noBbI-
Lana koHueHTpaumto PHK B uutonnasme Ha 37 %. MHaykaTopom peakuwmm HeiipoHoB PVHmMp Ha runokcuto 6bno HapactaHue
B HWX KOHUeHTpauuu Genka HIF-1a B 2,5 pasa. lNpepbiBUCTas rnokcus nosbilana KoHueHTpauuio benka cFos 8 PVHmp
Ha 37 %, yBenuuusana nnoLagb MMMyHopeakTuBHocTH K AVP B 2,5 pa3a, a k CRH u B-endorphin — B 3 pasa. OTmeyeHo
yCuneHne CHTe3a HeiponenTUAOB B OTBET Ha MMMNOKCUIO, YTO NPUBOAMIO K HapacTaHmto koHueHTpauum AVP B PVHmp B 6,6
pasa, B-aHgopdhuHa B 7 pa3, CRH B 8,5 pasa. B nocTrunokcuyeckuii neprog Ha BbICOKOM YPOBHE COXPaHANMUChL Nokasareni
UMMyHopeakTuBHOCTM Kk 6enky HIF-1a 1 ero koHueHTpauwms B PVHmMp. OTmeueHb! BbICOKME NoKasaTeny MMMYHOPEaKTUBHOCTM
k CRH v B-aHgopduHy B PVHmMPp, a Takke BbICOKas KOHLEHTpaLUs 3TUX HEMpPONenTUaoB B HEMPOHaxX Ha (POHe yrHeTeHns
cuHTe3a AVP. Bo3aMOXHO, BbICOKME NokasaTeny HeMpoCceKpeTOpHOW akTuBHOCT PVHMP B NOCTIMNOKCUYECKU Nepuos MoryT
CBWAETENbCTBOBATL 0 (hOPMUPOBAHWNW HEMPOIHAOKPUHHBLIX MEXaHM3MOB adanTaLmmn runoTanamo-runousapHo-aapeHoKop-
TUKaNbHOM OCU K ANUTENBHOMY AENCTBUIO MUMOKCUN.

BbiBogb!. MpepbiBucTas runobapuyeckas runokcust CTUMYNMpYET HEMPOCEKPETOPHYK akTMBHOCTb HelpoHoB PVHMP,
YBENUYMBAET CUHTES 1 cekpeLyto ropMoHoB CRH 1 AVP, akTMBMpYHOLLMX rUNoTanamo-runomusapHo-aapeHoKOPTUKAbHYH
0Cb. CuHTE3 GEMNKOB-MHANKATOPOB CEKPETOPHOIO OTBETA NENTUAEPrNYECKNX HEMPOHOB (Genka cFos) 1 KNETOYHON peakumum
Ha runokeuio (benka HIF-1a) Takke HapacTaet. Beicokme nokasatenu HepocekpeTopHol aktueHocT PVHmMp B noctru-
MOKCUYECKUIA NEPUOL, COXPAHSIKOTCS U CBUAETENLCTBYIOT O (DOPMMPOBAHUN HEMPOIHAOKPUHHBIX MEXaHU3MOB afanTauum
runoTanamo-runoduaapHo-aapeHOKOPTUKaNbHON OCK K ANUTENBHOMY AEMCTBUIO MUMOKCUN.

The brain is the central organ of the body adaptation to
various social and physical stressors, because it deter-
mines the strategy of neurophysiological, neuroendocrine
and behavioral reactions, which can be either destructive
or protective for the organism in conditions of acute or
chronic stress. Brain reactions are associated not only with
the stimulation of the hypothalamic-pituitary-adrenal axis
(HPA) and the autonomic nervous system, but also with
the regulatory effects of these systems on the metabolism
and the activity of pro- and anti-inflammatory components
of the immune system [1,2]. The paraventricular nuclei of
the hypothalamus (PVH) are one of the most important
links of the brain neuroendocrine system they determine
the reactivity of the HPA axis in response to the various
stressors and thereby ensure the development of adaptive
reactions by the formation of body resistance to the stress
[3.4]. The key mechanism of the HPA axis activation is
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formed due to the secretion of corticotropin-releasing
hormone (CRH) in the neurons of the medial parvocellular
nuclei of the PVH (PVHmp) [5,6]. The concentration of
ACTH and glucocorticoids in the blood increases because
CRH triggers the cascade of the integrated neuroendocrine
response of the adenohypophysis and adrenal cortex to
stress [5,7]. Adegree of glucocorticoid secretion elevation
significantly defines the strength and specificity of stress
action and the consequences of its influence on the organ-
ism [7,8]. The neurosecretory cells of PVHmp in addition
to CRH synthesize [Arg8]-vasopressin (AVP), which has
a stimulating and, together with CRH, permissive effects
on the ACTH and corticosteroids synthesis [4,9,10]. Also
these structures produce B-endorphin, which regulates
the intensity of the neuroendocrine stress response [11].

The hypoxic hypoxia due to the nature of its action on
the organism is considered to be a universal stressor. The
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long-term dosed hypoxic effects cause a stable increase
in the body overall resistance to many pathogens such as
acute hypoxia, hypercapnia, hyperoxia, hypokinesia, ionizing
radiation, physical activity [4,12,13]. The most effective way
to increase the body resistance is to use the intermittent
breathing regime with gas mixtures containing 14-16 % O, for
humans and 8-11 % for laboratory rats [12,14]. Single studies
carried out on rats showed that a single 2-hour (pO, =10 %)
[15], as well as a 3-week (6 hours, pO, = 9.8 %) [16,17]
hypoxic hypoxia action led to the hypertrophy of peptidergic
PVH neurons and to an increase inimmunoreactivity to CRH,
AVP and B-endorphin in the hypothalamus.

The aim

The aim of the work was to study the functional state of
the peptidergic neurons of the medial parvocellular nuclei of
the paraventricular hypothalamic nucleus (PVHmp) during
the multi-day action of intermittent hypobaric hypoxia and
in the posthypoxic period.

Materials and methods

Experimental animals. The study was carried out on adult
male Wistar rats 220-250 g weight, which were divided into
3 groups of 8 animals in each: 1) intact animals (control),
2) animals with 15-day hypoxic training, 3) animals with
10-day rest after hypoxic training (post-hypoxic period).
The animals were kept in standard vivarium conditions
under natural light without restriction of access to water
and food. The studies were conducted in accordance with
the requirements of international principles of the European
Convention (Strasbourg, 1985).

Simulation of intermittent hypobaric hypoxia.
Intermittent hypobaric hypoxia (IHH) was modeled by
daily 6-hour stay of rats in a ventilated pressure chamber
(volume 1.0 m3): from the 1% to the 5" days the exposure’s
altitude was increased daily by 1000 m, in the next 10 days
the animals were at the altitude of 6000 m (pO, = 75 mm
Hg, that corresponds to the concentration of 9.8 % oxygen
in air at normal atmospheric pressure).

Preparation for histology. All intact rats, and 24 h
after last IHH for animals from 2" experimental group,
and 24 h after 10 days of post-hypoxic period for animals
from 3 experimental group were deeply anesthetized
with thiopental sodium (50 mg/kg ip). The brains were
immediately removed and placed in Carnoy’s solution (3
brains from each experimental group, for histochemistry)
or Bouin’s solution (5 brains from each experimental group,
for immunofluorescence) for 20 h at room temperature.
The brains were poured into paraplast (McCormick, USA)
after standard histological processing. Coronal slices of
the brain 7 um for Carnoy’s fixation and 14 um for Bouin’s
fixation through the hypothalamic PVN were cut on a rotary
microtome Microm-325 (Microm Corp., Germany).

Histochemistry and morphometry. Serial histo-
logical slices were dewaxed with xylene and rehydrated
with descending concentrations of ethanol. Then, slices
were stained with hallocyanin and chromium alum by
the Einarson method during 48 h. The stained sections
were washed in water, dehydrogenated with ascending
concentrations of ethanol, xylem, and polymer medium
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EUKITT (O. Kindler GmbH, Germany) embedded. The
digital images of the PVHmp were taking using a CCD
microscope camera COHU-4922 (COHU Inc., USA) and
an Axioskop microscope (Carl Zeiss, Germany), and were
converted to a gray scale (0-255). Allimages were analyzed
using application-oriented image analysis system software
VIDAS-2.5 (Kontron Elektronik GmbH, Germany). More
than 100 neurons were examined in each experimental
group, and the following parameters were measured and
calculated: the area of neurons (mcm?), and the RNA con-
centration (relative units of optical density — U,;).

Immunofluorescence technique and quantitative
analysis. Serial histological slices were dewaxed and un-
masked in a citrate buffer solution (pH = 9.0) in the PT-mod-
ule (Thermo Scientific, USA). CRH, AVP, -endorphin,
cFos, and HIF-1a proteins in the PVHmp were detected
by immunofluorescence method using antibodies produced
by Santa Cruz Biotechnology (USA). Primary antibodies
were incubated in dilution 1:100 (wet chamber, T = +4 °C,
24 hours), secondary antibodies conjugated with FITC
were incubated in dilution 1:64 (wet chamber, T = +37 °C,
45 min). The slices were washed in phosphate buffer and
then enclosed in a mixture of glycerin/phosphate buffer
(9:1). Specificity of antibody binding was controlled in a
similar way, except for incubation with primary antibodies.
Immunofluorescence reaction was studied using the Axio-
Imager-M2 fluorescence microscope (Carl Zeiss, Germany)
with the 12-bit digital camera AxioCam-HRm (Carl Zeiss,
Germany) and with the use of the high-emission 38HE filter
(A= 470/40 nm, A= 525/50 nm) (Carl Zeiss, Germany).
Quantitative analysis of the immunofluorescence reaction
was carried out using digital image analysis system soft-
ware AxioVision-4.8.2 (Carl Zeiss, Germany). At least 4
hypothalamic regions with PVHmp were examined in each
brain, and the following parameters were measured and
calculated: the relative area of the immunopositive material
(the percentage of the immunopositive material in the area
of the PVHmp), and the concentration of proteins in endo-
crinocytes (the module of the logarithm of the background
fluorescence to the fluorescence of immunopositive material
ratio, expressed in relative units of fluorescence — U ).

Statistics. The results are reported as mean + S.E.M.
Experimental data were processed with the EXCEL 2003
(Microsoft Corp.) statistical analysis software package. The
significance of the differences between the experimental
groups was assessed using the Student’s criterion t, con-
sidering the differences to be reliable at P < 0.05.

Results

The intermittent hypobaric hypoxia (IHH) stimulated the devel-
oping of mild hypertrophy of PVHmp neurons. These changes
manifested by an increase in the neurons body area by 10 %
as well as the concentration of RNA in the cytoplasm by
37 % (Table 1). Itis known that normal parvocellular PVHmp
neurons in rats have poor cytoplasm, less neurosecretory
granules and low quantity of neuropeptides in the cytoplasm
which can be seen during immunohistochemical reactions.
Nevertheless, an increase in the area of the neuronal cy-
toplasm after IHH and the elevation in the RNA level may
be the evidence of the enhanced functional and secretory
activity of PVHmp. An indicator of the neurosecretory activity
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Table 1. Indicators of the functional activity of the PVHmp neurons (M + m)

Experimental groups of animals
Intermittent hypobaric hypoxia Post-hypoxic period

Indicators (Markers)

Area of neurons, mcm? 88.71+1.76 98.08 + 1.97* 123.21 + 2.45*
RNA concentration, U, 4.50 £0.16 6.16 £ 0.33* 5.87 +0.28*
CRH area of IRM, % 1.19+£0.21 3.56 +0.29* 1.88 £0.15*
concentration, U, 0.46 £ 0.08 3.92+0.33" 146£0.15%
AVP area of IRM, % 2271+ 243 55.72 + 1.58* 5.23 +0.19*
concentration, U 0.77 £0.07 5.13+0.32* 0.47 £0.03*
B-endorphin area of IRM, % 0.81+0.12 2.51+£0.25* 1.74 £ 0.19*
concentration, U 0.35+0.05 2.49 +0.26* 2.03+0.16*
cFos area of IRM, % 414 +0.32 4.63+0.25 3.92+0.26
concentration, U 1.83+£0.19 2.51+0.11* 1.88+0.21*
HIF-1a area of IRM, % 2.67+0.10 424 +0.37* 4.55+0.31*
concentration, U 0.20 +0.01 0.49 +0.03* 0.40 £ 0.03*

IRM: immunoreactive material, U_: units of optical density, U : units of immunofluorescence, significance P < 0.05 of differences in comparison with control (*) and with rats

after the finish of IHH (*).

of hypothalamic neurons is the cFos protein. Indeed, the IHH
elevated the cFos protein concentration in PVHmp by 37 %,
increased the area of immunoreactivity to AVP by 2.5 times
as well as to CRH and B-endorphin by 3 times. The icreasing
of immunoreactivity indicated the neuropeptides synthesis
enhancement and the elevation of the concentration of AVP
in PVHmp by 6.6 times, B-endorphin by 7 times and CRH
by 8.5 times in response to IHH.

We believe that the increasing of the neuroendocrine re-
action of PVHmp neurons is directly caused by hypoxia and
can be mediated by the hif-1a gene activation. Really, under
the influence of IHH the area of immunoreactivity to HIF-1a
in PVHmp was 60 % increased, as well as the concentration
of HIF-1a protein was 2.5 times elevated. The data obtained
indicate that IHH stimulates the neurosecretory activity of
PVHmp neurons and leads to an increase in the synthesis
and secretion of hormones that activate HPA.

It's an interesting fact that after a 10-day posthypoxic pe-
riod, signs of mild hypertrophy of PVHmp neurons persisted.
Moreover, the area of neurons increased by 25 % (P < 0.05)
in comparison with the IHH end date. The immunoreactivity
indices for the HIF-1a protein and its concentration in PVHmp
remained at a high level against the background of the resto-
ration of the concentration of the marker of the cFos protein
neurosecretory activity (Table 7). Despite this, high immu-
noreactivity to CRH and -endorphin remained in PVHmp,
as well as a high concentration of these neuropeptides in
neurons. At the same time, during the posthypoxic period,
the area of AVP immunoreactivity was 4 times reduced, and
the concentration of this neurohormone in PYHmp neurons
was decreased by 40 % as compared with the control. It is
possible that high rates of neurosecretory activity of PVHmp
in the posthypoxic period may indicate the formation of neu-
roendocrine mechanisms of adaptation of the HPA axis to
the long-term effect of hypoxia.

Discussion

Considering the mechanisms of the body adaptation to social
and physical stressors, it should be understood that the brain
is a key link in adaptation since it determines the specificity of
the stressor, its intensity and potential threat to the organism.
The brain stores in memory not only the fact of the stressor
action, but also the sequence of physiological and beha-
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vioral responses to the stress as well as the effectiveness of
the chosen response strategy, which can be either protective
or destructive for the body. One of the common stressors
the organism can be faced by is hypoxia. Even during em-
bryogenesis hypoxia stimulates neurogenesis and is neces-
sary for normal brain development, although intense hypoxia
can lead to brain damage. [18]. In adults, periodic hypoxia
is a concomitant pathogenic factor that accompanies many
clinical diseases, such as sleep apnea, chronic obstructive
pulmonary disease, pulmonary fibrosis and nocturnal asthma
[19]. At the same time, preconditioning and adaptation to
hypoxia protects the brain from acute hypoxic damage [18]
and also causes a persistent increase in the body overall
resistance to many pathogens [4,12,13].

Among the varied brain structures involved in response
strategy choice to the stress of diverse etiology, PVH seems
to be the most important structure that regulates HPA activity
through CRH secretion [1,2]. It has also been proven with
respect to the role of PVH and HPA in adapting to long
term hypoxia [20]. The physiological significance of HPA
in adaptation mechanisms is determined by the key role of
glucocorticoids, which can influence on neuronal plasticity
using genomic and non-genomic effects [2,21]. Glucocorti-
coids can directly stimulate release of excitatory amino acids
via membrane-associated receptors, and they can indirectly
regulate both glutamate and GABA release through induction
of local synthesis of endocannabinoids [22]. In addition, gluco-
corticoids can also regulate mitochondrial oxidation and free
radical formation and membrane potential, and affect apop-
tosis via Bcl-2/Bax proteins [23]. Furthermore, CRH, which
is synthesized in PVHmp, plays a key role in stress-induced
hippocampal dendritic remodeling in the CA1 region [24].

Our studies convincingly demonstrate that IHH con-
siderably elevates the neuroendocrine potential of PVH
not only at the end of hypoxic trainings, but also retains it
in the remote posthypoxic period. This preserves the in-
creased functional level of HPA activity for a long time and
reflects the formation of a stable systemic structural trace
of adaptation to hypoxia.

Conclusions

1. Intermittent hypobaric hypoxia stimulates the neu-
rosecretory activity of the PVHmp neurons, increases
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the synthesis and secretion of CRH and AVP hormones that
activate the HPA axis. Synthesis of the secretory response
indicator cFos protein and a central regulator of hypoxic re-
sponses HIF-1a protein is also increasing in the peptidergic
neurons of the PVHmp.

2. High levels of the PVYHmp neurosecretory activity at
the posthypoxic period are preserved and indicate the for-
mation of neuroendocrine mechanisms of the HPA axis
adaptation to the long term intermittent hypoxia exposures.

Prospects for further research. Future studies will
focus on the response of the neuroendocrine hypothalamus
to hypoxia by such factors as hypoxia-induced factors 1
and 3, vascular endothelial growth factor, both pro- and
anti-apoptotic stimulators of cell death.
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