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In is known, that one of the main regulators of the blood pressure (BP) is hypothalamus. The efficiency of the BP regulation in
a changeable environment is dependable on its coherence and coordination. This intrahypothalamic coordinator is an arcuate
nucleus. One of the main conditions of the proper neuronal function is combination of their functional stability and plasticity,
which is strictly dependable on adequate blood supply, metabolic and trophic processes. One of the key regulators of the above
mentioned features is nitric oxide (NO).

The purpose was to establish the pathogenetic link of NO synthases isoforms imbalance in Arc of hypothalamus with formation
of hypertension in etiologically different models of essential hypertension (SHR) and endocrine-saline model (ESM).

Materials and methods. Study was conducted on 48 mature male rats with weight of 250-270 gram and age of 13—14 months,
which were allocated into 3 experimental groups of 16 animals: the 1%t group was control with Wistar rats; the 2" group comprised
of Wistar rats with ESM and the 3 was made of SHR.

Results. Formation of the hypertension in ESM and SHR rats led to similar changes of the pattern of NOS isoforms expression.
We found the significant increase of the IRM content to nANOS and iNOS, but decrease to eNOS. In the same time, the constitutive
isoforms concentration (NNOS and eNOS) was significantly lower compared with control group, and iINOS concentration in both
groups with hypertension was higher than in control group (6 % and 9 %, p<0.05, respectively).

Conclusions: In rats with normal BP in Arc, the most expressed NOS isoform was the endothelial one. We found the typical
changes in the pattern of the NOS isoforms allocation. We also found the increase of the content of all isoforms with the decrease
of the concentration of constitutional ones (NNOS and eNOS), but the increase of the INOS concentration.

MarepH ekcnpecii isopopm NOS B apKyaTHoMy AApi rinoTaramyca
Npu eKcnepuMeHTaAbHIW apTepiaAbHil rinepTeHsii

0. M. KonecHuk, O. B. laHueBa, C. B. TilLeHko

Bigomo, L0 0CHOBHUM LieHTpanbHUM perynsaTopoM apTepiansHoro Tucky (AT) € rinotanamyc Ta ioro sapa. Big snaromkeHocTi
Ta CKOOPAMHOBAHOCTI iXHIX AiN 3anexatnme epeKkTUBHICTb perynsuii aptepianbHOro TUCKY B YMOBAX, LLO 3MIHIOKOTLCA. Takum
BHYTPILUHbOTINOTaNami4H1M KOOPAMHATOPOM € apkyaTHe sApo. Baxnneoto yMOBOKO edheKTUBHOCTI pobOTH HEMPOHIB Y CTPYK-
Typi € NOEAHaHHS PYHKLOHANBHOI CTabiNbHOCTI 3 NNACTUYHICTIO HEMPOHANBHIX NPOLIECIB, LU0 3a6e3neYyeTbCs afekBaTHUM
KpoBOMoCTa4YaHHsM, 0OBMiHHUMK Ta TPodhiuHMMK npouecamu. OaHUM i3 KITHOYOBUX PErymnSTOPIB ONUCaHWX BULLE NPOLECIB Y
LIHC € okcug asoty (NO).

MeTa po60TH — BCTAHOBUTW NaTOreHETUYHUI 38’30k AncbanaHcy isocdhopm NOS B ApA rinotanamyca 3 hopmyBaHHsM ap-
TepianbHoi rinepTeHsii npy eTionoriyHo piHKX ii Mogensx — eceHuianbHin (Lwypu NiHii SHR) Ta eHaokpuHHO-conbogin (ECT).

Matepianu Ta meToaum. [locnipxkeHHs 3aincHunm Ha 48 ctateBo3pinux Lypax-camusx macoto 250270 r, Bikom 13—14 micsuis,
sIki Gynv NoAinNeHi Ha TpW ekcrnepUMeHTanbHi rpynv Mo 16 TBapUH Y KOXHIN: 1 KOHTPONbHa — Wypw nikil Wistar, 2 — wypw ninii
Wistar 3 eHL,OKpUHHO-CONBOBOK MOAENHO rinepTeHsii; 3 — wypu NiHii SHR 3i cnoHTaHHOO rinepTeHsieto.

Pesynisratn. Cchopmosana Al y wypis nikii SHR i ECIT npusBogmna o ogHakoBMx 3MiH y natepHi ekcnpecii isopopm NOS.
CnocTepiranocs BiporigHe 36inbLueHHs BmicTy IPM o nNOS Ta iNOS, ane 3HuxeHHs ioro 1o eNOS. Mpu LboMy KOHLEHTpalii
KOHCTUTYTUBHWX i30cpopMm hepmeHTy NNOS Ta eNOS cTaBanm BiporigHO HUKYMMMU, HiX Y KOHTpON, @ koHueHTpauis iINOS B
o6ox rpynax 3 A" nepesuLLMna 3Ha4YEHHS LLYPIB i3 HOpMaribHUM apTepianbHumM Tuckom Ha 9 % (p<0,05) y SHR i B wwypis 3
ECI—Ha 6% (p<0,05).

BucHoBkW. Y LypiB i3 HOpManbHUM apTepianbHiM Tuckom B ApA rinotanamyca Hambinbl npeacTaBneHoo 3 i3ohopm e
eHpoTenianbHa opma epmeHTy. Mpu pisHMX 3a eTionoriyHuM hakTopom Al (eceHuianbHa abo eHIOKPUHHO-COMNbOBA) B
ApA rinoTanamyca cnocTepiratoTbCst OAHOTUMHI 3MiHK B natepHi poanoginy izocdopm NOS. XapakTepHo 30inbLUeHHs BMICTY Y
CTPYKTYpi Apa BCiX TpbOX (hOpM (HEPMEHTY 3i 3HKEHHAM KOHLeHTpauii IPM go koHcTuTyTMBHMX i30dpopm NNOS Ta eNOS,
ane 36inbweHHam ii 4o iNOS.

MatTrepH akcnpeccuu usopopm NOS B apkyaTHOM AApe rMnoTaramyca
NpyY 3KCNEePUMEHTaAbHOM apTepUaAbHON rMNEPTEH3UN

10. M. KonaecHuk, O. B. laHuyeBa, C. B. TULLEeHKO

13B€CTHO, 4TO OCHOBHbIM LIEHTParbHbLIM PErYNSTOPOM apTepuanbsHoro AasnexHus (ALl) sBnsieTcs runotanamyc v ero sgpa. Ot
COrMacoBaHHOCTU U CKOOPAMHUPOBAHHOCTM X AeNCTBUSA OyaeT 3aBuceTb 9hPeKTUBHOCTL perynsaunn ALl B M3MEHSIIOLLMXCS
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ycroBusix. TakuM BHyTpUrMMoTanamMmmyeckum KOOPAMHATOPOM SBRSIETCS apkyaTHoe siApo. BaxHbiM ycrnoBuem apdekTmBHO-
CTV paboTbl HEMPOHOB B CTPYKTYPE SBMAETCA COMETaHWE (PYHKLUMOHANBHON CTAabUMBHOCTY C NMACTUMHOCTbLIO HEMPOHATbHbIX
npoLeccoB, YTo obecneunBaeTcst afekBaTHbIM KpoBOCHabxeHeM, 0BMeHHbIMU 1 Tpodnyeckumm npoueccamu. OpHUM 13
KIKOYEBbIX PErynsTopoB BbilleonucaHHbIx npoueccos B LIHC asnsetca okeng asorta (NO).

Llenb paboTbl — yCTaHOBUTL NATOrEHETUYECKYH CBA3b AncbanaHca nsodopm NOS B ApS runotanamyca ¢ hopMUpOBaHNEM
apTepuanbHON MMNepTeH3nn Npy 3TMONOMMYECKN Pa3HbIX €€ MOZENsAX — 3CCEeHUManbHON (Kpbichbl NMHMM SHR) 1 3HAOKpYH-
Ho-conesow (ACI).

Matepuanbl u metoabl. VccnenosaHue Bbino npoBedeHo Ha 48 nornoBo3penbix Kpbicax-camuax maccon 250-270 r, Bo3-
pacT — 13—-14 mecsueB, KoTopble ObinM pasaeneHsl Ha TPU SKCNEPUMEHTarbHbIE TPYNMbl MO 16 XMBOTHBLIX B KaXaoM: 1 KOH-
TponbHas — Kpbicbl nnHUKM Wistar, 2 — kpbicbl iHMK Wistar ¢ 3HAOKPUHHO-CONEBON MOAENbI0 TMNEPTEH3NN; 3 — KPbIChI MUHUN
SHR co cnoHTaHHON runepTeHsnen.

Pe3ynkratbl. ChopmupoBaHHas Al y kpbic iuHMM SHR 1 ¢ OCI™ nprBoamna kK 0gHOTUNHBIM U3MEHEHUSM B NATTEPHE 3KC-
npeccun nzocopm NOS. Habntoganock goctoepHoe yeenuderne copepxanus MPM k nNOS 1 iNOS, Ho cHuxeHve ero k
eNOS. [Mpu 3TOM KOHLEHTpaLMK KOHCTUTYTUBHBIX M3ochopMm hepmeHTa NNOS 1 eNOS cTaHOBWUNUCH AOCTOBEPHO HUXKE, YeM
KOHTPOMb, a KoHueHTpauus iINOS B obenx rpynnax ¢ A" npesbicuna 3HaveHus Kpbic ¢ HopmanbHeiM ALl Ha 9 % (p<0,05) y
SHR 1y kpeic ¢ 3CI — Ha 6 % (p<0,05).

BbiBoabl. Y kpbic ¢ HopmanbHbiM ALl B ApA runotanamyca Hanbonee npeacTaBneHHomN 13 n3odhopm SBnseTcs sHaoTenmans-
Hast hopma hepmeHTa. Mpu pasHbIx No aTronornydeckomy daktopy Al (ScceHUmanbHas unu 3HAOKpPUHHO-coneBast) B ApA
runoTanamyca HabniogatoTCs OQHOTUMHBIE U3MEHEHNS B NaTTepHe pacnpeaeneHus nsodopm NOS. XapakTepHo yeennyeHme
cofepxaHus B CTPYKTYpe sapa BCex TpEx hopm hepMeHTa CO CHIKEHEM KOHLeHTpaLmn IPM K KOHCTUTYTUBHBIM M30odopMam

nNOS 1 eNOS, Ho yeennyernem eé k iNOS.

It is known, that hypothalamus is one of the main central
regulators of the blood pressure (BP) [1]. Agreat number of
its nuclei are involved in this function: ventromedial, para-
ventricular, supraoptic, periventricular, and arcuate (Arc)
nucleus [2]. The BP regulation in changing conditions is
dependable from coordination and consistency of these nu-
clei. The intrahypothalamic coordinator is arcuate nucleus
[3]. Due to the topographical features and the abundance of
the projections to other nuclei, this structure is considered
as integrative and commutative center, which maintains
interaction of both intra- and extrahypothalamic structures,
which regulate autonomic function. Peruzzo called Arc the
“window to hypothalamus” [4]. The important precondition
of the effective neuronal activity is the combination of
functional stability and plasticity provided by the adequate
blood supply, metabolic and trophic processes [5].

It is proved for now, that one of the key regulators of
the processes stated above in central nervous system
(CNS) is nitric oxide (NO) [2,5,6]. There are data about
the NO involvement into the sympathetic regulation,
neurotransmission, vasodilation and apoptosis induc-
tion [2,6,7]. The implementation and direction of the NO
effects depends not only on the amount and place of
its synthesis, but also on the enzyme isoform mediated
this synthesis. There are three isoforms of NO synthas-
es: neuronal (nNNOS), inducible (iNOS) and endothelial
(eNOS). Thus, nNOS modulates a lot of physiological
processes including learning, memory formation, and
neurotransmission. Additionally, there are data about the
involvement of nNNOS into central BP regulation [8—10].
eNOS is a powerful vasodilator, also well-known inhibitor
of platelets adhesion and aggregation, thus playing an
important role in adequate blood supply [11]. In CNS,
iNOS produced by activated macrophages and glial cells
provides the toxic effect on microorganisms and tumor
cells, but in the case of hyperactivity it also induces
apoptosis and necrosis [12,13]. Thus, it was proved the
NO produced with the iINOS activity causes peroxyni-
trite-mediated neuronal apoptosis [12-14].
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We assume the change of the balance of NOS iso-
forms in the Arc may lead to violation of central hypothala-
mic domain of BP regulation and, probably, to the formation
and development of hypertension (HT).

Considering stated above we believe that deep and
detailed study of the NOS isoforms balance in Arc in HT
caused by different factors will contribute to understanding
the pathophysiological mechanisms of HT formation and
to the search of new molecular targets of antihypertensive
therapy.

The purpose of our study was to find out the patho-
genetic link between the NOS isoforms imbalance and the
formation of hypertension in etiologically different models:
the essential in spontaneously hypertensive rats (SHR)
and endocrine-saline model (ESM).

Materials and methods

Study was performed on 48 mature male rats with weight
of 250-270 gram in age of 13—-14 month, which were
allocated to 3 experimental groups of 16 animals: the 1
control group comprised of Wistar rats; the 2 consisted
of Wistar rats with endocrine-saline model of hyperten-
sion; the 3 group — of SHR. Experiment was performed
according to the national “General ethical principles of
the animal experiments” (Ukraine, 2001), concerted with
Council Directive 2010/63/EU of the European Parliament
and of the Council of 22 September 2010 on the protection
of animals used for scientific purposes.

For modelling of ESM the Wistar rats were treated with
prednisolone intramuscularly at 7 o’clock in dose of 2 mg/
kg and at 20 o’clock in dose of 4 mg/kg during 30 days
combined with the force watering with 5 ml of saline (2.3 %).
From the beginning of the experiment and each 7 days
we performed the BP assessment using the non-invasive
system BP-2000 (Visitech Systems, USA). Rats of the
15t group showed the systolic pressure of 110+5 mm Hg.
The 2™ group showed 110+5 mm Hg at the beginning of
experiment, 145+5 mm Hg on the 7" day and 165+5 since
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21 days of the modelling. The systolic pressure in the 3
group was 165+5 mm Hg.

The object of the study was hypothalamus of experi-
mental animals. We performed the immunofluorescence
assessment of the NOS isoforms expression in serial
paraffin-embedded slices, which were incubated with
rabbit IgG (Santa Cruz Biotechnology, USA) to nNOS,
iINOS and eNOS, respectively in dilution of 1:200. Then
slices were incubated in plastic chambers during 24
hours (T=+4 °C), then we applied mouse anti-rabbit IgG
conjugated with FITC (Santa Cruz Biotechnology, USA) in
dilution of 1:200 and incubated them 2 tweis (T=+37 °C)
during 45 minutes, and then covered them in glycerol/FBS
(9:1). The specificity control was performed as described,
but with previous application of blocking peptide to the
corresponding antibodies in dilution of 1:50.

The assessment of immunofluorescence was per-
formed in ultraviolet spectrum of emission 390 nm using
38HE light filter with high emission (Carl Zeiss) in Axioscope
microscope (Carl Zeiss). The images obtained using 8-bit
camera AxioCam-ERc5s (Carl Zeiss) were analyzed with
ImageJ in interactive way. We marked the regions of interest

in the field of view of 15 000 um?, where we calculated the
contain of the immunoreactive material (IRM) in conditional
units ofimmunofluorescence (U,) as well as IRM concentra-
tionin 1 um?(U,/ ). We assessed no less than 200 areas
of view in each series. The obtained data was analyzed in
EXCEL-7.0 (Microsoft Corp). We counted the mean and its
standard error. With the aim to assess the differences in the
study results we used Student’s t-criterion with evaluation
of significant differences according to Student’s tables.
Statistically significant difference was considered at p<0.05.

Results and discussion

During the immunofluorescence analysis of hypothalamus
of rats with topographic identification of anterior hypotha-
lamic field [15] we found that IRM to NOS isoforms were
allocated predominantly in dorsolateral of Arc diffusely in
neuronal cytoplasm and axons. High intensity of fluores-
cence was found in granules of IRM in neurons of control
group and ESM on the periphery of cytoplasm and in
axons (Fig. 1-3), whereas in SHR we found no granules
to nNOS (Fig. 1B).

Fig. 3. Pattern of the INOS expression in neurons of Arc in Wistar (A), SHR (B) and ESM (C). Indirect immunofluorescence, 400x. Arrows show IRM to nNOS.

40
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After the statistical analysis of the expression of NOS
isoforms in control group we found that the highest figures
of IRM contain and concentration were for eNOS. The
lowest IRM contain was for n(NOS compared with eNOS
and iNOS (45.8 % and 24.7 % respectively, p<0.05). The
lowest IRM concentration was found for iNOS (Table 1).

Hypertension in rats of SHR and ESM groups leads
to the same type of changes in the expression pattern of
NOS isoforms. We observed significant increase of IRM
concentration and contain both to nNOS and iNOS, but
decrease to eNOS (Table 1). The concentration of consti-
tutive isoforms of NANOS and eNOS were significantly lower
than in the control group, and INOS concentration in both
hypertensive groups were higher than in Wistar (9 % for
SHR and 6 % for ESM, p<0.05, Table 1).

Comparison of the NOS isoforms expression in SHR
and ESM groups showed the absence of significant of IRM
contain of all isoforms, whereas the IRM concentration
to nNOS was significantly lower (4 %, p<0.05) in ESM
compared with SHR (Table 1).

The predominance of the eNOS expression in Arc
seems to be logic and expected. It is well known, that the
main role of its isoform is local production of vasodilative
NOS [5], which is necessary for the regulation of cerebral
blood supply and neuroptrophic processes [5,6].

The fact of the same type changes of the expression
of all isoforms in etiologically different hypertension be-
came discussible. Both in essential and endocrine-saline
models we found increase of both neuronal and inducible
isoforms. However, in majority of clinical and bench studies
the another consistent pattern was found: the forms of hy-
pertension were accompanied with the decrease of activity
and contain of constitutive isoforms and with the increase
of iINOS [16,17]. We believe in could be explained with
short term and absence of affection of target organs in our
experiment. Additionally, the prevalence of INOS isoform
was found also in our data, and the concentration was
only higher iniNOS, and constitutive ones were decreased
(Table 1). Finally, due to features of functioning, vasculariza-
tion and innervation of hypothalamus [2—4] we assume that
higher contain of all the isoforms in hypertensive rats, and
first of all, the constitutive ones, are compensatory with aim
to provide adequate blood supply and interneuronal interac-
tions and plasticity [5], whereas the INOS hyperexpression
is pathologic and provides the induction of nitrosative and
oxidative stress, exhaustion of antioxidant defense, leads
to violation of DNA reparation mechanisms and to the neu-
rodegeneration progression [18-20].

Conclusions

1. In normotensive rats, the most predominant form of
NOS in Arc is endothelial.

2. In etiologically different hypertensions, there are
the same type changes in the expression pattern of NOS
isoforms to be observed in Arc. The increase of contain
of all the isoforms with the decreased concentration to
constitutive isoforms but the increase of INOS s typical.

Perspectives. We plan to study the features of
expression of pressor and depressor neuropeptides in
Arc and find out the pathogenetical link of their state with
hypertension formation.

Maronoris. —2017. — T. 14, Ne 1(39)
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Table 1. Indexes of the expression of NOS isoforms in Arc in rats of experimental

groups (M+m)

Expression figures Groups

Wistar, n=16 SHR, n=16 ESM, n=16
nNOS
IRM contain, U, 967.7+21.3 1304.5+16.7" 1272.6+18.4'
IRM concentration, U/, 2 78.6+1.8 73.3£1.2 70.2£0.9'2
iNOS
IRM contain, U, 1207.5+25.1 1371.3+26.1' 1395.4+15.3'
IRM concentration, U/, 2 745£1.7 81.6£1.7 78.8£0.9'
eNOS
IRM contain, U, 1410.1+46.4 1289.77£18.1" 1296.7+20.5'
IRM concentration, Uw/um2 80.9+2.6 73.3x1.1" 729+1.2

" significant differences (p<0.05) compared with control group;
2 significant differences (p<0.05) compared with SHR group.
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