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Effects of stress leads to activation of the hypothalamo-pituitary-adrenocortical system. The central link of this system is
neuroendocrine cells of the hypothalamus, which synthesize corticotrophin-releasing hormone (corticotrophin), as well as
the proopiomelanocortin derivative - beta-endorphin. The aim of this research was to determine the peculiarities of the
functional state and synthesis of corticotrophin and beta-endorphin by neurons of the medial parvocellular subnucleus of
the paraventricular nucleus in rats with the experimental diabetes and with combined influence of intermittent hypoxia.
The research was carried out in 30 male Wistar rats with the weight of 230-250 g. Diabetes mellitus in rats was modeled by
a single injection of streptozotocine in the dose of 50 mg/kg. Corticosterone and insulin in the blood serum was identified
by the immunoenzyme method and the glucose concentration was determined by the glucose oxidase method. Intermittent
hypoxic trainings were carried out in the vented pressure chamber by 6 hours exposure in rats on the “altitude” of 6000
m (p0,=9.8%) within 15 days. Neuropeptides were detected by the inmunofluorescent method of analysis. Development
of diabetes in rats within 4 weeks led to the persistent hyperglycemia, hypoinsulinemia and increase of the corticosterone
level by more than 2.5 times. Imnmunoreactivity to corticotrophin in paraventricullar nuclei (PVN) raised by 2.1 times and
the corticotrophin concentration had 3.7 times increase in the immunoreactive zone. The specific area of immunoreactiv-
ity to beta-endorphin increased by 2.6 times and the beta-endorphin concentration increased by 3.8 times. Development of
diabetes mellitus in rats resulted in 8 times increase of the specific content of corticotrophin in PVN and 10 times increase
of beta-endorphin. Hypoxic trainings led to decrease of the area of immunoreactivity to corticotrophin in PVN by 64%
and to beta-endorphin by 53%. The concentration of corticotrophin in neurons decreased by 47% and the concentration
of beta-endorphin decreased by 35%. Therefore, the content of corticotrophin decreased by 80% and the content of beta-
endorphin decreased by 69%. Hypoxic trainings of the diabetic animals cause decrease of the activity of the stress-limiting

beta-endorphinergic hypothalamus system less than the corticotrophinergic one.

A;l important link of the neu-
oendocrine response of the
organism on the stress factor is
activation of the stress-realizing
component presented primarily by
the corticotrophinergic neurons
of the hypothalamus paraventri-
cullar nucleus (PVN) localized ma-
inly in the dorsal part of the me-
dial parvocellular subnucleus of
PVN. Corticotrophin leads to in-
crease in the activity of the pitui-
tary-adrenal system and finally, it
elevates the blood glucocorticoids
level [12]. At the same time neu-
roendocrinocytes of PVN synthe-
size the proopiomelanocortin de-
rivative — beta-endorphin, which
regulates the intensity of the neu-
roendocrine stress response [13].
As was shown previously, the use
of the multi-day hypoxic trainings
led to decrease of the blood glu-
cose level and corticosterone con-
centration in diabetic rats [8]. How-

ever, the peculiarities of the cor-
ticotrophinergic and beta-endor-
phinergic neurons reaction in dia-
betes mellitus and with combined
effect of intermittent hypoxia prac-
tically have not been studied yet [7].
The aim of the present research
was to determine the peculiarities
of the functional state and syn-
thesis of corticotrophin and be-
ta-endorphin by neurons of the
medial parvocellular subnucleus
of the paraventricular nucleus in
rats with the experimental dia-
betes and with combined influ-
ence of intermittent hypoxia.

Materials and Methods

The research was carried out in
30 male Wistar rats with the weight
of 230-250 g. Diabetes mellitus in
rats was modeled by a single injec-
tion of streptozotocine (50 mg/kg,
SIGMA Chemical, USA). Only rats
with the blood glucose level more
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than 9 mmol/L were taken to re-
search. Corticosterone and insu-
lin in the blood serum was iden-
tified by the immunoenzyme me-
thod with the help of the com-
mercial kit (DRG, USA), and the
glucose concentration was deter-
mined by the glucose oxidase me-
thod. Intermittent hypoxic train-
ings were carried out in the vent-
ed pressure chamber by 6 hours
exposure in rats on the “altitude”
of 6000 m (p0,=9.8%) within 15
days. The brain of animals was fix-
ed in the Bouin'’s fluid and then
filled in paraplast (McCormick, USA).
The serial frontal sections with the
thickness of 14 mcm were used
for immunofluorescentive colour-
ing for neuropeptides; then they
were incubated with polyclonal
antibodies to corticotrophin-re-
leasing hormone (Sigma Chemi-
cal, USA) and to beta-endorphin
(Santa Cruz Biotecnology, USA) in
dilution of 1:200 in a damp cham-
ber (T = +4°C, 24 hours). The next
step in identification was to incu-
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Table 1

Blood biochemical parameters in rats
with diabetes (M+m, n = 10)

Series of studies Glucose, Insulin, Corticosterone,
mmol/L mcME/ml ng/ml
Control 3.99+0.10 8.72+0.63 218.0+32.6
Diabetes 17.69+1.11* 5.99+0.34* 585.1+59.9*
Diabetes + hypoxia 14.8+1.45%* 8.36+0.46" 427.0+32.4*

Note: significance of differences (p<0.05) to control (*) and to diabetes (*);

n —is the number of animals in the group.

Table 2
Indexes of immunoreactivity to corticotrophin
in paraventricullar nucleus (M+m, n = 10)
Area of the Concentration | Content of the
. . . . of the immunoreactive
Series of studies | immunoreactive | . . -
material. 9 immunoreactive material,
7 material, U U,/100 mmc?
Control 1.19+0.21 0.38+0.01 0.46+0.08
Diabetes 2.57+0.23* 1.42+0.08* 3.67+£0.33*
Diabetes + hypoxia| 0.96+0.19** 0.75+0.08** 0.73+0.14**

Note: significance of differences (p<0.05) to control (*¥) and to diabetes (*);

n —is the number of animals in the group.

bate these histological sections with
secondary antibodies conjugated
with FITC (Sigma Chemical,USA)
in dilution of 1:64 in a damp cham-
ber (T =+37°C, 45 min). At the end
all sections were put in the mix-
ture of glycerin/phosphate buffer
(9:1). The sections were studied
in the UV spectrum using Axiolma-
ger-M2 microscope (Carl Zeiss, Ger-
many). Analysis of the immuno-
fluorescentive reaction was per-
formed using the system of digi-
tal image analysis AxioVision 4.8.2
(Carl Zeiss, Germany) where the

absolute area of the immunore-
active material (mcm?), its rela-
tive value (%) in the standard zone
of vision with the area of about
40 000 mcm? were calculated. The
densitometric characteristics such
as the concentration and specific
content of neuropeptide were also
determined. The calculated para-
meters were determined by the
intensity of fluorescence (U,). The-
re were not less than 200 zones
of visions in each series. The data
obtained were analyzed with the
package of statistical programm-

Table 3

Indexes of immunoreactivity to beta-endorphin
in paraventricullar nucleus (M+m, n = 10)

Area of the Concentration Content of the
Series of studies | immunoreactive | . of the . |mmunorgact|ve
material. 9 immunoreactive material,
7 material, U U,/100 mmc?
Control 0.81+0.12 0.43+0.03 0.35+0.05
Diabetes 2.15+0.16* 1.66+0.14* 3.56+0.27*
Diabetes + hypoxia 1.0+0.13% 1.07£0.14** 1.08+0.14**

Note: significance of differences (p<0.05) to control (*) and to diabetes (*);

n - is the number of animals in the group.

es. To assess the significance of dif-
ferences in the groups Student’s
t-test was used.

Results and discussion

Development of diabetes in rats
within 4 weeks led to the persis-
tent hyperglycemia, hypoinsuline-
mia and increase of the level of
corticosterone - the main gluco-
corticoid in rats - by more than
2.5 times (Table 1). It was previ-
ously shown that formation of dia-
betes was accompanied with se-
vere disorders not only of the car-
bohydrate metabolism, but also
of the protein, lipid metabolism
and the hormonal-cytokine sta-
tus in experimental rats [5, 6]. Thus,
immunoreactivity to corticotro-
phinin paraventricullar nuclei (PVN)
raised by 2.1 times and the corti-
cotrophin concentration had 3.7
times increase in the immunore-
active zone (Table 2). It is charac-
teristic that immunoreactivity of
the stress-limiting link of the neu-
roendocrine stress response repre-
sented by beta-endorphin synthe-
sizing neurons increased in PVN
at about the same level: the spe-
cific area of immunoreactivity to
the neuropeptide increased by 2.6
times and the beta-endorphin con-
centration by 3.8 times (Table 3).
Development of diabetes mellitus
in rats resulted in 8 times increase
of the specific content of cortico-
trophin the paraventricullar nuc-
leus (PVN) and 10 times increase
of beta-endorphin. Such an increase
in the activity of the neuroendo-
crine hypothalamus leading to the
hypercorticosteronemia confirms
the legitimacy of representations
of diabetes as a metabolic stress
to the organism.

We have previously shown that
the use of dosed hypoxic effects
promotes the activation of the in-
sular system both in healthy rats
and in animals with experimen-
tal diabetes [9]. Indeed at the end
of 2 weeks of hypoxic trainings the
insulin concentration was resto-
red to the control level in the blood
of the experimental animals, and
the glycemia level decreased by
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16%. The mechanism of such sa-
nogenic effect of intermittent hy-
poxia may be due to the direct hy-
poxia influence on endocrinocy-
tes and induction of synthesis of
antiapoptotic proteins, decrease
of the beta-endocrynocytes apo-
ptotic index and activation of their
proliferation [1, 4]. In the hypo-
thalamus of diabetic animals the
hypoxic trainings decreased the
area of immunoreactivity to cor-
ticotrophin in PVN by 64%, its con-
centration by 47% and its content
in PVN by 80%. As a result of the
limitation of the hypothalamic ac-
tivation of the pituitary-adrenal
system the concentration of the
contrinsular hormone corticoste-
rone decreased by 27% in the di-
abetic rats blood. It also helped
to reduce the blood glucose level.
The limitation of the activity of the
stress-realising corticotrophiner-
gic system of the hypothalamus

by the end of hypoxic trainings led
to decrease of the PVN beta-en-
dorphinergic neurons activity. It
was expressed in reduction of the
immunoreactivity area to the pep-
tide by 53%, decrease of its con-
centration in neurons by 35% and
decrease of the beta-endorphin
content in PVN by 69%. It is cha-
racteristic that the degree of limi-
tation of the stress-realising com-
ponent activity after hypoxic train-
ings was higher than the depres-
sion of the stress-limiting link of
the neuroendocrine reaction in di-
abetes. The data obtained show
that the dosed hypoxic loads can
have a corrective effect on the me-
chanisms of pathological process-
es; in its turn, it can be used with
the sanogenic purpose, in parti-
cular for the treatment of diabe-
tes [11]. Besides the mechanisms
of intermittent hypoxia influence
can be released at the peripheral
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CONCLUSIONS
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leads to decrease of the blood cor-
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the experimental diabetes decre-
ase the activity of the stress-limit-
ing beta-endorphinergic hypotha-
lamus system less than the corti-
cotrophinergic one.
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PEAKIIA HEUPOEHIOKPUHHOI'O T'IIIOTAJIAMYCY HA IIEPEPUBYACTY T'IIIOKCIIO ¥ II[YPIB
I3 CTPENITO30TOLMHOBUM AIABETOM

I0.M.KonecHuk, €.B.Kadoicapsin, A.B.A6pamos, 0.B.MeavHiKoga
3anopi3zvkuil depircagHuii MeduuHuil yHigepcumem
Katwouosi caoea: einomanamyc; yykposuii diabem; nepepusuacma 2inokcis

Bnaue cmpecy npussodums do akmusayii 2inomasamo-zinogizapHo-adpeHokopmukaabHoi cucmemu. LlenmpaasHoro
JNaHKOM if € HellpoeHdoKkpuHoyumu, Wo CuHme3yrms KOpmukomponin-puaiziHz-20pMoH (KopmukonibepuH), a makoic
noxioHe npooniomenaHoKopmuHy — 6ema-eHdopdin. Memoto docaidxrceHHs: 6y10 8cmaHo8/eHHs 0cobausocmeti cuHme3sy
KopmukosibepuHy ma 6ema-eHdopginy HelipoHamu MedianbHo20 Opi6HOKATMUHHO20 cy6’s1I0pa napaseHmpuKyAsipHO20
A0pa npu po3suMKy ekcnepumeHma/bHo2o diabemy ma npu noedHaHHi nepepugyacmoi 2inokcii. [locaidsicenHs npoge-
deHo Ha 30 camysx wypis ainii Bicmap eazoto 230-250 2. lJykposuii diabem modent08aau 00HOKpamMHUM 88e0eHHIM
cmpenmo3omoyuHy 6 003i 50 mz/ke. KopmukocmepoH ma iHcyaiH y cuposamyi kposi usHa4aau iMyHogepmeHmHuM
MemodoM, a pigeHb 2/110K03U KPOBI — 2/110K030KCUOA3HUM MemodoM. [lepepusyacmi 2inokcu4Hi mpeHysaHHs nposoouau
y 6apokamepi 6-200uHHO ekcnho3uyieto Ha «gucomi» 6000 M (p0,=9,8%) npomsizom 15 duis. Heliponenmudu eusHavanu
imyHogtoopecyeHmuum memodom. Pozgumok diabemy npomsizom 4-x musicHie npuzgodus do cmilikoi einepaaikemii,
2inoincyninemii ma nidsuweHHs pigHs KopmukocmepoHy 6iabWl Hixc y 2,5 pa3u. IMyHopeakmusHicmb do Kopmukoibe-
puHy y IIBA 36invuysanacs npubausHo y 2,1 pasu, a KOHYyeHmpayis Kopmuko1ibepuHy y 30Hi iMmyHopeakmugHocmi nio-
suwysasaacs y 3,7 pasu. [lumoma naowa imyHopeakmugHocmi 0o 6ema-endopiny sapocmanay 2,6 pasu, a KOHyeHmpa-
yis 6ema-eHdopiny -y 3,8 pasu. B peayabmami po3sumok yykposozo diabemy npu3godus 0o 36i1bWeHHsI NUMOMO20
emicmy kopmukonibepuHy & IIBA y 8 pasis, a 6ema-endopdiny -y 10 pasia. I'inokcuyHi mpeHy8aHHs 3MeHUWY8aAU NAOWY
imMyHopeakmusHocmi do kopmukosibepuHy Ha 64%, a do 6ema-eHdopginy - Ha 53%. Konyenmpayis y HetllpoHax kopmu-
Kos1ibepuHy 3Huxcysanacs Ha 47%, a 6ema-eHdopdiny — Ha 35%. BionosidHo emicm kopmukoaibepury y [IBA smeHwuscs
Ha 80%, a 6ema-eHdopdiny - Ha 69%. I'inokcuuHi mpeHysaHHs diabemu4HUX M8ApUH BUKAUKAOMb 3HUNCEHHS aKmus-
Hocmi cmpec-aimimyroyoi 6ema-eHdopginepeivuHoi cucmemu 8 MeHWill Mipi, HijC KOpMuKoibepuHepaiyHoi.

PEAKLUA HEIPO3HIOKPUHHOIO T'MIIOTAJIAMYCA HA ITPEPBIBUCTYIO FTMIIOKCHIO Y KPbIC
CO CTPENITO30TOLMHOBBIM IMABETOM

I0.M.KonecHuk, E.B.KadxcapsiH, A.B.A6pamos, 0.B.MeavHukosa
3anoposcckuii 2ocydapcmeeHHblii MeduyuHCKuUll yHUgepcumem
Katouesvle ca08a: cunomasamyc; caxapHuili duabem; npepbleucmasi 2Uunokcust

Bosdeticmeue cmpecca npugodum K akmusayuu 2unoma.namo-2unogu3apHo-adpeHoKoOpmMuKaabHol cucmemsl. Llenmpans-
HbIM 386€HOM ee s18/510MCsl Hellp03IHOOKPUHOYUMb! 2UNOmMaaamycd, CuHme3supyroujue KopmukomponuH-puau3uHa-2op-
MOH (KopmukoaubepuH), a makaice npou3godHoe npoonuoMesaHoKopmuHa - 6ema-aHdopgdun. Ljeawto uccaedosanus
6bL10 yCMAHOBUMb 0COOEHHOCMU CUHME3A KOPMUKOAUOGEepUHA U 6ema-3H00p@uHA HelIpOHAMU MedUAIbHO20 MeJKOKAemou-
HO20 cy6B10pa napaseHMpUKyAsIPHO20 10pa NpuU IKCnepuMeHmaabHoM duabeme u covemaHHoM delicmauu npepblgucmou
eunokcuu. Uccaedosanue npogedeHo Ha 30 camyax Kpwic auHuu Bucmap maccoti 230-250 2. CaxapHblli duabem modeaupo-
8a/1Uu 00HOKpamMHbIM 88edeHUeM cmpenmo3omoyuHa 8 dosze 50 me/kz. KopmukocmepoH u UHCYAUH 8 CblBOpOMKE KpO8U
onpedeasau UMMyHOPEepMEHMHbIM MemodoM, a KOHYeHMpayuio 2/A10K03bl — 2/1K030KCUOA3HbIM MemodoM. [Ipepubisu-
cMmble 2unokcuveckue mpeHuposKu nposoduau 8 bapokamepe 6-4acosoil skcnosuyuet Ha «gbicome» 6000 m (p0,=9,8%)
8 meueHue 15 dHell. Heliponenmudsl onpedeasiiu UMMyHo@p.1r00pecyeHmHbimM memodom. Pazsumue duabema 6 meuerue
4-x Hedeab npusodu10 K cmolikoli 2unepaaukeMuu, 2UNOUHCYAUHEMUU U HAPACMAHUI YPOBHSI KOpmuKocmepoHa 6o.1ee
uem 8 2,5 paza. UmmyHopeakmusHocmb kK kopmukoaubepuHy 6 I[1BA yseauuusasace 6 2,1 pasa, a KoHyeHmpayus Kop-
muko/aubepuHa 8 30He UMMYHOpeaKmusHocmu nossluanacs 8 3,7 pasa. YoeavHas naowadb UMMYHOPeAKMuU8HoOCmu K
6ema-sndopduHy sospacmana 8 2,6 pasa, a KOHYyeHmpayus 6ema-sHdopgduHa - 8 3,8 pasa. B peaynemame pasgumue
caxapHozo duabema npugodu/o K ygeaudeHulo yoeabHo20 codepicaHusi KopmukoaubepuHa e I[1BA 6 8 pas, a 6ema-aH-
dopduHa - 6 10 pa3s. ['unokcuueckue mpeHUpoOSKU yMeHbWaAU Naowads UMMYHOPEAKMUBHOCMU K KOPMUKOAUOEPUHY
6 [IBA Ha 64%, a k 6ema-sHdopduHy — Ha 53%. KoHyenmpayus 8 HellpoHax KopmukoaubepuHa cHuxcaacsb Ha 47%,
a 6ema-andopduHa - Ha 35%. CoomeemcmeeHHO codepicaHue kopmukoaubepuHa 8 I1BA cHu3usioce Ha 80%, a 6ema-
sHdopguHa - Ha 69%. ['unokcuveckue mpeHuUposKku duabemu4eckux HUBOMHbIX 8bI3bIBANOM CHUNCEHUE AKMUBHOCMU
cmpecc-aumumupyrouweti 6ema-3Hdop@duHepauyeckoll cucmembsl 2unomManaMmyca 8 MeHvllell cmeneHu, 4em KOpMuKoaAU-
6epuHepauyeckoll.



