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The aim of this study was to characterize the nitric oxide isoforms profile in rats’ nucleus tractus solitarii (NTS) and dorsal motor nucleus
(DMN) of vagus nerve in arterial hypertension (AH) of various origin (essential (EAH) — rats of SHR line, and endocrine-salt AH).

Materials and methods. The study was performed on 30 aged male rats. Among them, 20 Wistar rats were divided into two groups —
control (10 rats) and 10 rats with simulated endocrine-salt AH (ESAH) and 10 SHR rats. An immunohistochemical method was used to
study the of nitric oxide synthase isoforms expression features in DMN and NTS. The following parameters were determined: the content of
immunoreactive material (IRM) for the studied peptides (U,), the relative area of the IRM (%) and the IRM concentration in 1 ym? (U /um?).

Results. It was found that in rats with both models of AH, the expression indices of all three nitric oxide synthase (NOS) isoforms in
the studied structures increased. In our opinion, this is due to the activation of the studied structures in AH conditions. This must be
considered as an important element of high blood pressure compensating. It is achieved through the implementation by a complex of
mechanisms like reducing of the sympathetic tone and increasing of the parasympathetic tone by activating a system of secondary mes-
sengers; improving neurotrophy due to the high activity of constitutive NOS isoforms; iNOS-mediated NO overproduction, as a factor in
compensating for its bioavailability in conditions of local ischemia in AH.

Conclusions. Regardless of the AH etiopathogenesis in both experimental groups, the expression of all three NOS isoforms increases in
the DMN and NTS structures. In rats with EAH in the DMN and NTS structures, the expression indices of NOS isoforms have their own
characteristics. So in the first structure, the largest changes in the indices of the immunoreactive material content and concentration are
observed for eNOS, and the relative area for INOS. At the same time, in the NTS structure, the largest changes in the content indices
are observed for INOS, and the concentration and relative area for eNOS. In rats with ESAH in the DMN structure, the highest changes
in the indices of IRM content and concentration are observed for the endothelial isoform of NOS, and the relative area - for inducible. In
the NTS structure, the IRM content changed the most for NANOS, and the concentration and relative area for iINOS.

I3ochopmuuin npochinb drepmeHty NOS y cTpyKTypi coniTapHO-BaranbHOro KOMNJIEKCy LypiB
npw apTepianbHin rinepTeHsii pisHoro reHesy

M. B. aHykano, O. B. laH4eBa

Meta poboTu — fatn xapakTepucTuky i30oopmHoro npodinto cuHtasm okeugy as3oty (NOS) y cTpykTypax sigpa ConiTapHOro TpakTy
(ACT) i popcanbHoro motopHoro sagpa (OMSA) wypis npu apTepianbHin rinepteHsii (Al) pisHoro reHesy (eceHuianbHin — EAI) — wypu
ninii SHR, Ta eHAOKPMHHO-CONbOBIN Al

Matepianu Ta metoau. [locnimkeHHs 3aincHMnm Ha ctateBo3pinux 30 wypax-camusix, cepen Hux — 20 TBapumH niii Wistar, skvx noginunu
Ha Agi rpynu: koHTponb (10 wypis) i 10 WwypiB 3i 3MogensLoBaHoK eHAoKpuHHO-conboBoto Al (ECAT), 10 wypis niHii SHR — i3 reHeTU4HO
deTepmiHoBaHoto Al [Ins gocnigxeHHs ocobnmeocTelt ekcnpecii isochopm NOS y AMA ta ACT BUKOpUCTOBYBANM iMyHOTICTOXIMIYHWIA
meToA. BusHadanu napameTpu: BMICT imyHopeakTusHoro matepiany (IPM) no aocnimkysanux nentugie (Og, Gb), BigHOCHY niowy IPM (%)
i KOHLEHTpaLjilo gocnigpKysaHoi pedosuHn B 1 Mkm? (Op, dp/MKMz).

Pezyniratu. MpoTarom JOCNimKeHHA BCTAHOBWNK, LLO B LLypiB 060X Mogenen 3 Al' noka3Huku ekcrpecii BCix Tpbox i3odopm NOS y
[ocnigXyBaHUX CTPYKTypax 36inbLuytoTbes. Ha Hally aymKy, Lie NOB’'Si3aHO 3 akTuBaLjieto CTPYKTYp, Lo gocnigmnu, nig vac Al Lie He-
06XiHO pO3rnaaaTy ik BaXMBUIA eNEMEHT KoMMeHcaLii NiaBULLEHOTO apTepianbHOro TUCKY, AKUIA 3OiCHIOETLCS BHACNIZOK peanisallii
KOMMIEKCY MEXaHI3MIB: 3HWXXEHHS TOHYCY CUMNATWYHO| HEPBOBOI CUCTEMM Ta NiABWLLEHHS TOHYCY NapacuMnaTWyHO| HEPBOBOI CUCTEMM
LUMSXOM aKTUBaLii HEMPOPErynaToOpHMX MporpaM KopekLii CYAMHHOMO TOHYCY Yepe3 CUCTEMY BTOPUHHWX MECEHMXEPiB; NOMiMWEeHHs
HenpoTpodiky BHACNIAOK BUCOKOI akTUBHOCTI KOHCTUTYTMBHUX i3odhopm NOS; iINOS-onocepeakosaHoi rinepnpoaykuii NO sk dpaktopa
KOMMeHcalui oro 6iofoCcTynHOCTI B yMOBax nokanbHoi ilemii nig yac Al
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BucHoBku. HesanexHo Big etionatoreHesy Al' B 060x ekcnepumMeHTansHuX rpynax y ctpyktypax AMA ta ACT 36inbLuyeTbes ekcnpecis
BCix Tpbox isochopm NOS. Y wypis 3 EAl y ctpyktypi AMA 1a ACT nokasnukm ekcnpecii isodopm NOS matotb ocobnmsocTi. Tak, y
NepLLii CTPYKTYpi HaNBInbLUi 3MiHK NOKa3HWKIB YMICTY Ta kKoHueHTpauii IPM cnoctepiranu ans eNOS, a BigHocHoi nnowi — ans iNOS. Y
cTpykTypi ACT HanbinbLi 3miHM nokasHukis BMICTY BuaHauunu ans iNOS, a koHueHTpaLii Ta BigHocHoi nnowi — ang eNOS. Y wypis 3
ECAT y ctpykTypi AMA HanbinbLwi 3MiHM BMICTY Ta KOHUEHTpaLii BU3Hauunu ans engotenianbHoi isogopmu NOS, a BigHOCHOI nnowwi —
ans iHgyumbensHoi. Y ctpykTtypi ACT ymict IPM Hainbinbwe aminvees ans nNOS, a koHueHTpaLia Ta nnowa — anst iNOS.

KntouoBi criosa: cuHTa3a okcugy a3oTy, §Apo CONiTapHOro TpaKTy, AopcarnbHe MOTOPHE S4p0, CTOBOYP MO3KY, apTepianbHa rinepTeHsis, Lypwy.

AxTyanbHi nuTaHHA dpapMaLeBTUYHOI | MeaWYHOI Hayku Ta npakTuku. 2020. T. 13, Ne 1(32). C. 78-83

U3odopmHbIn npodunb cepmeHTa NOS B CTpyKTYpe conuTapHO-BaranbHOro KOMMeKca Kpbic
Mpv apTepranbHON r’MNepTEH3UN pasnuyHOro reHesa

M. B. laHykano, O. B. laH4eBa

Llenkb paboTkl — JaTb XapakTepPUCTVKY M30opMHOro npoduns cuHTasbl okcmaa asota (NOS) B CTpyKkTypax sapa COnMTapHOro TpakTa
(ACT) n popcansHoro moTopHoro siapa (AMA) kpeic npu apTepuanbHom runepteHsaunm (AlN) pasnuyHoro reHesa (acceHumansHom — QAN —
Kpbicbl MnHUMKM SHR, 1 3HOoKpUHHO-coneBon Al

Marepuansi u metoabl. MiccnegoaHue npoeeaeHo Ha nonoso3pensix 30 kpbicax-camuax, cpeam koTopbix 20 XKMBOTHLIX NnHun Wistar,
nopdenexHble Ha ABe rpynnbl: KOHTporb (10 kpbic) 1 10 kpbIC C CMOAENMPOBaHHON 3HAOKPUHHO-coneBor AlT (QCAT), 10 KpbIC MUHMK
SHR - ¢ reneTuyeckn getepmmHupoBanHon Al [Ins uccnenoanus ocobeHHocTen akcnpeccun nzocopm NOS B AMA n ACT ucnonb3o-
Banm MIMMYHOTUCTOXMMUYECKUIA MeTog,. Onpeaensnu napaMmeTpel: coaepkaHue MMMyHopeakTueHoro Matepuana (VIPM) k uiccnegyemsim
nentugam (Eum), OTHOCUTENbHYO nrowanb MPM (%) 1 KOHLEHTpaLuuio uccneayemoro BelyecTsa B 1 MkM? (Eum/MKMZ).

Pesynkrathl. B xoae uccnenoBaHus ycTaHoBUIU, YTO Y Kpbic 06enx mogeneit ¢ Al nokasaTtenu akcnpeccum Bcex Tpex usocopm NOS
B U3y4aeMbixX CTPYKTypax yBenuumsaroTcs. [10 Hallemy MHEHWI, 3TO CBA3aHO C akTuBaumeli aTux cTpykTyp npu Al 3To Heobxogumo
paccMaTpuBaTh Kak BaXHbIi 3NIEMEHT KOMMEeHcaLmmn noBbIlLeHHOro Afl, KOTOPbIN OCYLLECTBASETCA 3a CHET peanv3aLmm Komnnekca me-
XaHU3MOB: CHIKEHUSI TOHYCA CUMMNATUYECKOW HEPBHOWM CUCTEMBI U MOBBILLEHWS! TOHYCA NapacuMnaTMYeCKon HEPBHOW CUCTEMbI MyTeM
aKTUBaLMM HENPOPEryNATOPHbLIX NPOrpaMM KOPPEKLMWM COCYAMCTOr0 TOHyCa Yepe3 CUCTEMY BTOPUYHBIX MECCEHIXEPOB, YNyyLleHNs
HEMpOTPOMKN 38 CHET BLICOKOW aKTUBHOCTW KOHCTUTYTUBHBIX M3othopm NOS; iINOS-onocpeaosarHoi runepnpogykumm NO kak caktop
KOMMeHcauuu ero 61ofoCTyNHOCTU B YCMOBHUSIX NIOKanbHOM uiemum npu Al

BriBogkl. BHe 3aBucumocTy oT aTonatoreHesa Al B 06enx akcnepuMeHTanbHbix rpynnax B ctpyktypax AMA n ACT yesennumnsaetcs
akcnpeccus Bcex Tpex uodopm NOS. Y kpbic ¢ AT B cTpykType OMA n ACT nokasatenu akcnpeccum nzocdopm NOS nmetoT ocobeH-
HocTW. Tak, B NepBON CTPYKTYpe HanbomnbluMe M3MEHEHUs nokasaTenei cogepkaHns U koHueHTpauum MPM otmeveHbl ana eNOS, a
oTHocutenbHow nnowaau — ans iNOS. B ctpykTtype ACT Hanbonbluve nsMeHeHus nokasateneii cogepxanns ycraHosneHsl ans iNOS,
a KOHLeHTpaumn n otHocuTenbHoi niowaamn — ans eNOS. Y kpbic ¢ SCAT B cTpykType IMSA HanbornbLume N3MEHEHNS CoaepXaHus u
KOHLIEHTPALMM OTMEYEHbI ANS 3HAoTennansHoi naogopmel NOS, a oTHOCUTENBHO Nnowaau — ans nHayumndensHon. B ctpyktype ACT
copepxarue IPM Hanbonee nsmenunock ans nNOS, a koHueHTpauus u nnowaab — ans iNOS.

KnioueBble crnoBa: cuHTa3a okcuaa asoTa, SApO CONMTApHOrO TpakTa, AopcanbHOe MOTOPHOE SiAPO, CTBOM MO3ra, apTepuarnbHas
TUNEPTEH3US], KPbIChI.

AxTyanbHble Bonpockl hapMaLieBTUYECKOW U MeAULMHCKON Hayku u npakTuku. 2020. T. 13, Ne 1(32). C. 78-83

Arterial hypertension (AH) is characterized by a variety of
etiological factors and multicomponent links of pathoge-
nesis. Most researchers agree that its development is based
on disturbances in the functioning of blood pressure (BP)
regulation systems [1]. The most important BP coordinators
are brainstem structures, as primary analyzers of the afferent
information about the condition of vascular tone. Moreover,
they provide an efferent response that supports BP homeosta-
sis in the case of its change. These structures, first of all, are
the nucleus of the solitary tract (NTS) and the dorsal motor
nucleus (DMN) n. vagus. They regulate BP by activating a
number of reflexes; the most important of them is the baro-
reflex. In this context, NTS is considered as an important
afferent link, while DMN is an efferent component [2]. So,
it is logical to assume that a change in the NTS and DMN
functional state will be displayed on the BP regulation.

It has been established today that gaseous transmitters act as
important regulators of the neurons’ functional activity. The
most studied of them is nitrogen monoxide (NO). A number

of researchers have already demonstrated disturbances in
the NO system in the BP regulatory centers of the brain in
AH. It was found that they are associated with both quanti-
tative and qualitative features of NO systems’ components
(presence of substrate, isoform profile of the enzyme,
bioavailability of NO) [3,4]. Unfortunately, the process of
directly determining NO amount in tissues is expensive and
time-consuming. Therefore, indirectly, the NO amount in
tissues can be measured by the level of nitric oxide synthase
(NOS) isoforms expression. It is proved that each isoform is
involved in the implementation of a certain complex of NO
effects. The nitrogen monoxide produced by the endothelial
isoform of NOS leads to vasodilation, inhibition of aggre-
gation and adhesion of platelets and leukocytes, activation
of endothelial progenitor cells, stimulation of angiogenesis;
neuronal isoform — regulates synaptic transmission, acts as a
neuroprotector and neurotransmitter; inducible isoform — to
the production of a large number of free radicals and their
mediated cytotoxicity.
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In this regard, it can be argued that in order to obtain a
holistic picture of NO-dependent processes, it is important to
study the entire NOS isoform profile in the structures under
study. All three NOS isoforms were found in NTS and DMN
[6], but data about the features of their expression in brainstem
regulatory centers in AH are insufficient.

Aim
Therefore, the aim of this work was to characterize the NOS

isoform profile in rats’ NTS and DMN structures in arterial
hypertension of various origins.

Materials and methods

The study was performed on 20 mature male Wistar rats and 10
male rats of the SHR line (generally accepted model of essen-
tial AH (EAH) in humans [7], mean weight —249.9 + 12.0 g).
10 male Wistar rats were in a control group (mean weight —
187.2+ 6.3 g), in other 10 we modeled endocrine-saline hy-
pertension (ESAH), which is analogue of endocine-assosiated
AH in humans (mean weight —263.7 + 7.2 g).

The rats used in the study were obtained from the nursery
“Biomodelservice” Kyiv. The experimental part of the study
was carried out in accordance with the “General Ethical
Principles of Animal Experiments” (Ukraine, 2001), which
are adjusted with the statement of Europe Parliment Coun-
cil 2010/63EU and Council from 22 of September 2010
on the protection of animals used for scientific purposes
(Council Directive 2010/63EU of the European Parliament
and of the Council of 22 September 2010 on the protection
of animals used for scientific purposes).

ESAH was modeled by intraperitoneal injection of medication
prednisolone (30 days, 2 times a day, 7.00 am—2 mg/kg, 8.00 pm—
4 mg/kg, with forced intake of S ml of a 2.3 % solution of NaCl)
[8]. To measure BP, the animal is housed in special immobiliza-
tion boxes located on a platform, which is heated and constantly
maintains a constant temperature of 37-39 °C. The peculiarity
of the boxes is that they are light-tight. This minimizes the ad-
ditional irritation and shaking of the animal. The blood pressure
measurement procedure is carried out in absolute silence. The
average time to register BP is 3—7 minutes. During this time it
is possible to take 3—5 preliminary measurements and 3—5 con-
trol measurements. The unit automatically calculates systolic,
diastolic pressures and heart rates [9]. BP indices in the control
were 110/75+5 mmHg; in EAH - 165/100 + 5 mmHg, ESAH
was 155/90 + 5 mmHg.

The object of the study was the brain stem of experimental
animals. Decapitation was performed under thiopental anes-
thesia (40 mg/kg intraperitoneally). Topographic identifica-
tion of the NTS and DMN structures was carried out with
the help of stereotaxic rat brain atlas [10].

Histochemical processing for immunohistochemical exam-
ination of NTS and DMN structures was conducted in a next
way. After decapitation immediately, within 2-3 minutes,
the brain was removed and it was placed for 20 hours in a
Buen solution which was prepared ex tempore from a saturated
aqueous solution of picric acid (1.2 %), concentrated formal-

dehyde (3540 %) and glacial acetic acid inaratioof 15:5: 1,
respectively. After 20 hours of fixation, the brain was subjected
to 2 hours of washing under cold running water to wash out
picric acid. The procedure was followed by dehydration of
the organ in ascending concentrations of ethanol, namely:
50 %, 60 %, 70 %, 80 %, 90 %, 96 %, 100 % -1, 100 % -2,
then in solutions: ethanol 100 % + chloroform 2 : 1, ethanol
100 % + chloroform 1 : 1, ethanol 100 % + chloroform 1 : 2,
chloroform, chloroform + paraplast (MkCormick, USA) 1 : 3
(T=+37°C), placed in liquid for 1 hour paraplast (MkCormick,
USA) (T =+56 °C) and then placed in paraplast blocks.

The expression of NOS isoforms was studied by an immu-
nohistochemical method. All antibodies used were diluted
1 : 200 (Santa Cruz Biotechnology, USA). Serial 7 um brain
stem sections after above described histochemical processing
were incubated with rabbit IgG to nNOS, with rabbit IgG to
eNOS, with mouse IgG to iNOS conjugated to FITC. Then,
secondary murine anti-rabbit IgG antibodies conjugated with
FITC were applied to glasses coated with primary IgG to nNOS
and eNOS (after 3 times washing in phosphate buffer solution)
and placed in a mixture of glycerol / phosphate buffer (9 : 1).

Specificity control was carried out by applying blocking
peptides corresponding to primary antibodies. Further stages
of immunohistochemical staining were carried out similarly
to the method described above [11].

Immunofluorescence studies of brainstem sections prepared
by the above-described method were performed in the ultra-
violet spectrum using a 38 HE filter (Zeiss, Germany) on Ax-
iolmager-M2 microscope (Zeiss, Germany) through a sensitive
camera AxioCam-5HRm (Zeiss, Germany). Images obtained
in this way were processed interactively, with a determination
of the zone corresponding to an NTS and DMN with statisti-
cally significant fluorescence. In the selected zone of interest,
the content (U, ), relative area of the immunoreactive material
(IRM) (%) and the concentration of the studied NOS isoform
in 1 pm? (Uif/um?) were determined. The microphotographs
of the NTS and DMN were processed using the image anal-
ysis program — Image J [12]. To determine the reliability of
the differences in the samples studied, the Student’s test and, if
necessary, the Whitney-Mann criterion were used, respectively.
Differences were considered significant for P <0.05 [13].

Results

A comparative analysis of NOS isoforms expression indices
in the DMN structure showed significant differences between
the control and experimental groups. Thus, nNOS expression
values showed that in EAH rats, the content, concentration
and relative area of the IRM were higher than the control val-
ues by 34.4 %, 30.5 %, and 18.0 %, respectively. At the same
time, in ESAH rats only the content and concentration of IRM
to nNOS were significantly higher by 70.9 % and 13.0 %,
respectively (Table I).

A comparison of nNOS expression values in animals of ex-
perimental groups with AH showed their different directions.
Thus, in ESAH rats, compared to EAH rats, a significantly
higher IRM content was noted by 27.1 %, but significantly
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Table 1. Parameters of NOS isoforms expression in the DMN structure of experimental animals (M + m)

Experimental groups Content of IRM (Unit, ) Concentration of IRM (U,/m?) Relative area of the IRM (%)

nNOS
Control 244.24 +10.65 59.88 +1.38 45.74 £1.30
EAH 328.41 £17.36* 78.19 £2.34* 54.00 £ 0.63*
ESAH 417.56 + 14.03* 67.67 + 1.06* 44.94 + 0.56*
iNOS
Control 266.43 £ 11.78 57.24 £1.21 4464 1.1
EAH 375.57 + 12.69* 73.89 +1.08" 54.20 £0.75*
ESAH 447.28 + 13.86* 64.38 + 0.62** 48.42 £ 0.56**
eNOS
Control 269.38 + 10.92 57.45+1.33 45.27 £1.02
EAH 517.99 + 14.45* 75.66 + 0.96* 54.99 +0.61*
ESAH 470.36 £ 14.09* 67.09 + 0.99* 4443 +0.73"

*: significant difference in parameters (P < 0.05) of rats of the experimental groups in relation to the control; #: significant difference in parameters

(P < 0.05) of rats between groups with experimental arterial hypertension.

Table 2. Parameters of NOS isoforms expression in the NTS structure of experimental animals (M + m)

Experimental groups Content of IRM (Unit ) Concentration of IRM (U,/m?) Relative area of the IRM (%)

nNOS
Control 282.30 + 10.47 64.17 £ 1.31 44.52 +1.08
EAH 399.76 + 13.82* 77.55 +1.80* 53.47 + 0.56*
ESAH 480.31 + 13.74* 67.60 + 0.60** 4552 + 0.47*
iNOS
Control 308.95 + 12.84 58.11 £ 1.23 45.03 +1.10
EAH 473.81 £ 11.25" 73.60 + 0.90* 52.48 + 0.58*
ESAH 467.31 £ 12.06* 63.97 £ 0.75* 50.25 + 0.67*#
eNOS
Control 398.32 £ 10.75 61.82 + 1.04 42.21+£1.07
EAH 486.00 + 12.26* 79.13 £ 0.95* 51.93 + 0.60*
ESAH 537.98 + 14.27¢ 64.86 + 0.85** 4562 £ 0.61*%

*: significant difference in parameters (P < 0.05) of rats of the experimental groups in relation to the control; #: significant difference in parameters

(P < 0.05) of rats between groups with experimental arterial hypertension.

lower concentration by 13.45 % and the relative area of
the IRM by 16.7 %, respectively (Table I).

In AH groups, the indices of iNOS expression significantly
increased in comparison with normotensive control. So, in
EAH animals, the IRM content to iNOS was higher by 40.9 %,
the IRM concentration — by 29.0 %, and the relative area — by
21.4%. The INOS expression indices in ESAH group in compar-
ison to the control were significantly higher: content by 67.8 %;
concentration — 12.4 %, relative area— by 8.9 %. A comparative
analysis of data between AH groups showed a similar change
withnNOS values. At the same time, in the ESAH group in com-
parison with EAH, with significant predominance of the IRM
content to iNOS by 19 %, lower concentrations were observed
by 12.8 % and the relative area of the IRM by 10.6 % (Table 1).

The eNOS expression data in DMN structure of ex-
perimental animals showed that in EAH rats all studied
parameters were significantly higher than the values of
normotensive control. The content of IRM to eNOS was
higher by 92.2 %, the concentration of IRM —by 31.7 %,
the relative area of the IRM — by 11.9 %. In ESAH group,
the content of IRM to eNOS in the DMN structure of
was by 74.6 % higher, the concentration — by 16.7 %
higher, and the relative area did not significantly differ
from the control values. When comparing the parameters
of the experimental groups with AH, it was found that
absolutely all studied parameters of enzyme isoforms ex-
pression in animals with ESAH were significantly lower
than the values of rats with EAH. The IRM content was
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9.2 % lower, the concentration — 11.3 %, and the relative
area — 19.2 % (Table 1).

The next stage was the study of the above-described pa-
rameters of the NOS isoforms expression in NTS structure.
They are shown in Table 2.

Studied indices of nNOS expression in the EAH group of
rats were significantly higher than the values of normoten-
sive animals. Thus, the IRM content to nNOS exceeded by
41.6 %, the concentration — by 20.9 %, and the relative area of
the IRM to isoform — by 20.1 %. At the same time, in ESAH
rats, only the IRM content and concentration to nNOS were
significantly higher by 70.1 % and 5.3 %, respectively. Dif-
ferences between AH groups in nNOS expression indices in
NTS structure were found to be interesting. ESAH animals in
comparison with EAH showed significantly lower values of
the IRM concentration and relative area to the studied enzyme
by 12.8 % and 15.1 %, respectively. Moreover, the nNOS
content in the NTS structure of ESAH rats was significantly
higher by 20.1 % compared with EAH rats (7able 2).

In the NTS structure in both experimental AH groups in
relation to the control group, the INOS expression indices were
significantly higher. So, in EAH rats, the content, concentration
and relative area of the IRM to iNOS were higher by 53.3 %,
26.6 %, and 16.5 %, respectively. In ESAH animals, the pre-
valence of expression values relative to the control was 51.2 %,
10.1 %, 11.6 %, respectively. Comparison between AH groups
showed, that in ESAH animals in relation to the EAH group,
only the IRM concentration and area to iNOS were significantly
lower by 13.1 % and 4.2 %, respectively (Table 2).

Indices of eNOS expression in EAH rats showed significant-
ly higher digital values compared to the control. So, the content
of eNOS in the NTS structure was 22 % higher, the concen-
tration — 28 %, the relative area — 23 %. Similar parameters in
ESAH rats showed differences from the control values by 35 %
higher content, concentration —4.9 %, and relative area— 8 %.
Intergroup differences were also found during the analysis of
eNOS expression data. It was found that the concentration and
relative area of the IRM to eNOS in ESAH animals compared
with EAH animals was significantly lower by 18 % and 12 %,
respectively, and the content was 10.7 % higher (7able 2).

Discussion

The data obtained in the study indicate that in the DMN
and NTS structures in AH an increase in the expression of
all 3 NOS isoforms is observed. And it has no dependence
on the etiopathogenetic mechanisms of AH occurrence. At
the same time, the increased content of NOS isoforms reflects
the state of the nitrogen monoxide system as a whole and indi-
cates its high activity in AH. The revealed high values of their
indices in DMN and NTS in animals of both experimental AH
models most likely indirectly indicate an increase in function-
al activity. It can be realized due to increased vascularization
and neurotransmission. The result of the increased activity
of DMN neurons will be an increase in the vagal effects. At
the same time an increase of NTS functional activity leads
to the implementation of a baroreflex response to a systemic

BP increase, which contributes to its decrease. Moreover,
the increased expression of three NOS isoforms, which will
result in a significant NO content increase, becomes one of
the key factors in progressive neurodegeneration in AH [14].

The NO-dependent mechanism of a change in the func-
tional activity of neurons has been described quite well in
the studies. It was shown in them that under NO influence
in sympathetic neurons, cGMP inhibits cAMP, increasing
its hydrolysis by PDE2A phosphodiesterase. This causes a
decrease in cAMP-dependent phosphorylation of calcium
channels and inhibition of neurotransmission. Whereas in
parasympathetic neurons, NO, indirectly through cGMP, in-
hibits PDE3 phosphodiesterase, as a result, CAMP hydrolysis,
on the contrary, decreases. This leads to increased cAMP-de-
pendent phosphorylation of calcium channels and promotes
the release of acetylcholine [5,15]. The result of increased
DMN neurons activity will be an increase in the vagal effect,
while NTS is the implementation of a baroreflex response to
a systemic BP increase, which contributes to its decrease.

Evidence of the dependence of the NO effect from structure
functional activity was obtained by Ogawa et al. It was shown
that in NTS NO potentiates the release of glutamate by neurons
[16], thus enhancing the baroreflex response to increased BP.

No less interesting was the research of the relationship
between the nNOS expression and the affinity of the imi-
dazoline NTS receptors. Thus, it was experimentally found
that inhibition of nNOS violates the central hypotensive
effect of clonidine and relinidin. As a result of a decrease
in the local formation of NO, the affinity of the imidazoline
receptors decreases, resulting in an increase in the activity of
the sympathetic nervous system and increased secretion of
catecholamines [17]. While an increase in the NO content as
a result of high expression of the enzymes that form it, it is
necessary to consider it as one of the hypotensive mechanisms
of the central regulation of blood pressure.

Another possible reason for the increased activity of
the NO system may be the low bioavailability of nitrogen
oxide, and together with its high values, it become one of
the components of progressive neurodegeneration in AH.
So, in a number of studies, it was shown that in AH, the bio-
availability of NO decreases due to increased generation of
superoxide radicals. Last ones’ formation can be enhanced
by an increased amount of angiotensin II, which contributes
to the activation of NADPH-oxidase, and excessive iNOS
activity with the formation of peroxynitrite [18,19]. This
may explain the increased expression of iNOS established in
the work in the DMN and NTS structures. iNOS, as a calcium-
independent isoform of the NOS in ischemic condition,
becomes the main source of NO for the full functioning of
neurons in AH, but due to its low bioavailability and large
amount, the implementation of its physiological effects is
impaired, and its metabolites become damage factors.

Summarizing, we can say that the high activity of the NO
system in DMN and NTS in AH should be considered as
an important element of compensating for increased BP,
which is realized through a set of mechanisms: reducing of
the sympathetic tone and increasing parasympathetic tone
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due to activating neuroregulatory programs for correcting
vascular tone through a system of secondary messengers;
improvement of neurotrophy due to the high activity of
constitutive NOS isoforms; iNOS-mediated overproduction
of NO, as a factor in compensating for its bioavailability in
conditions of local ischemia in AH, but also the pathogenetic
factor of progressive neurodegeneration in hypertension.

Conclusions

Based on the study, the following conclusions can be made:

1. Regardless of the etiopathogenesis of arterial hyperten-
sion in both experimental groups the expression of all three
NOS isoforms increases in the DMN and NTS structures

2. In EAH rats in the DMN and NTS structure, the expres-
sion indices of NOS isoforms have their own characteristics.
So in the first structure, the largest changes in the indices of
the IRM content and concentration are observed for eNOS,
and the relative area for iINOS. At the same time, in the NTS
structure, the largest changes in the IRM content are observed
for iNOS, and the concentration and relative area for eNOS.

3. In ESAH rats in the DMN structure, the highest changes in
the indices of IRM content and concentration are observed for
the endothelial isoform of NOS, and the relative area for induc-
ible. In the NTS structure, the IRM content changed the most
for nNOS, and the concentration and relative area for iNOS.
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