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The aim of this work was to establish the expression of of nitric oxide synthase isoforms in the locus coe-
ruleus in rats under experimental arterial hypertension of various origins (essential and endocrine-saline). To
achieve the aim, the study was performed on 20 Wistar mature male rats and 10 male rats of the SHR line.
10 Wistar male rats made up a control group, other 10 were modeled endocrine-saline hypertension. The ob-
jJect of the study was the brain stem of rats. To study the pattern of expression of nitric oxide synthase iso-
forms serial sections of the brainstem were processed with immunofluorescence method of enzyme identifi-
cation. It was found that the pattern of expression and balance between different isoforms of nitric oxide syn-
thase in the locus coeruleus of rats with arterial hypertension differs from the pattern of normotensive ani-
mals. The features of expression of nitric oxide synthase isoforms in arterial hypertension depends on the
mechanism of its development. Thus, the highest expression indices for all three isoforms of the enzyme
were observed in essential hypertension (model - SHR line). There was an increase in the area of the immu-
noreactive material for all three isoforms in endocrine-saline hypertension, whereas their concentration in-
creased only for endothelial isoform of nitric oxide synthase whereas the concentration of the neuronal iso-

form did not change, while the inducible isoform decreased.
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Today the participation of locus coeruleus (LC)
in the regulation of various functions of the body is
being widely discussed in the scientific literature [1,
2]. Mechanisms of systemic blood pressure (BP)
control by LC neurons have been clearly estab-
lished [3, 4]. This predetermines the interest in
studying the functional state of LC in hypertension.
Recently, the system of nitric oxide (NO) and the
enzyme necessary for the formation of NO —nitric
oxide synthase (NOS), which is represented by
three isoforms: neuronal (NNOS), inducible (iNOS)
and endothelial (eNOS), have been considered to
be modulators of the central nervous sys-
tem neurons functional state [5,6]. All three iso-
forms of NOS were detected in the LC [7, 8, 9, 10].

In our opinion, the imbalance in the NOS iso-
forms expression in the LC structure can change its
functional state, by modulating the interneuronal re-
lationships, vascularization and neurotransmission.

The aim of the work was to detect and describe
the features of expression of NOS isoforms in the LC
structure of rats under experimental models of arte-
rial hypertension - essential and endocrine-saline.

Materials and methods

The study was performed on 20 mature male
Wistar rats and 10 male rats of the SHR line 250-
270 grams weight. 10 male Wistar rats made up a
control group, other 10 were modeled endocrine-
saline hypertension (ESH). ESH was modeled by
intraperitoneal injection of prednisolone (30 days, 2
times a day, 7:00 a.m. — 2 mg/kg, 8:00 p.m. - 4
mg/kg, with forced intake of 5 ml of a 2,3% solution
of NaCl). The mean arterial pressure in the control
was 83,8 mmHg; in ESH was 137,8 mmHg; SHR -
125,8 mmHg. 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 Council 2010/63EU and Council
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from 22 of September 2010 on the protection of
animals used for scientific purposes (Council Direc-
tive 2010/63EU of the European Parliament and of
the Council of 22 September 2010 on the protection
of animals used for scientific purposes).

The material of the study was the brain stem of
experimental animals. Decapitation was performed
under thiopental anesthesia (40 mg/kg intraperito-
neally). Topographic identification of the structure
was carried out with stereotaxic rat brain atlas [11].

Expression of NOS isoforms was studied by an
immunohistochemical method. Serial 7 pm brain
stem sections after preliminary histochemical proc-
essing were incubated with rabbit 1gG to nNOS
(1:200 dilution of Santa Cruz Biotechnology, USA),
with rabbit IgG to eNOS (Santa Cruz Biotechnol-
ogy, USA) (dilution 1:200), with mouse 1gG to iINOS
conjugated to FITC (Santa Cruz Biotechnology,
USA) (1:200). Then, secondary murine anti-rabbit
IgG antibodies conjugated with FITC (Santa Cruz
Biotechnology, USA) (1:200) were applied to
glasses coated with primary IgG to nNOS and
eNOS (after 3 times washing in phosphate buffer
solution).

Immunofluorescence studies of brainstem sec-
tions prepared by the above described method,
were performed in the ultraviolet spectrum using a
38 HE filter (Zeiss, Germany) on AXIOSKOP mi-
croscope through a sensitive camera COHU 4922
(COHU Inc., USA). Images obtained in this way
were processed interactively, with a determination
of the zone corresponding to a LC with statistically
significant fluorescence. In the selected zone of in-
terest the relative area of the immunoreactive mate-
rial (IRM) (%) and the concentration of the studied
NOS isoform in 1 pm2 (Uif / pmz) were determined.
The microphotographs of the LC were processed
using the image analysis program - Image J. To de-
termine the reliability of the differences in the sam-
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ples studied the Student's test and, if necessary,
the Whitney-Mann criterion, with the Bonferoni and
Dann amendment, were used, respectively. Differ-
ences were considered significant for p <0,05.

Results and discussion

In the course of the study it was found that the stud-
ied parameters of NOS isoforms expression in the LC
in intact animals and animals with different models of
arterial hypertension had significant differences.

Thus, the concentration indices of all NOS iso-
forms in SHR rats were significantly higher (nNOS
by 43,8%, iINOS by 35,8%, eNOS by 54,9%) in
comparison with the control group. In animals with
ESH significant differences were established only
for INOS and eNOS isoforms: iINOS concentration
significantly decreased by 5,5%, and eNOS signifi-
cantly increased by 15%. It should be mentioned

that the inter-model differences of the concentration
of the immunoreactive material to NOS isoforms in
ESH rats in comparison to SHR rats were also reli-
able. In the group of SHR rats the concentrations of
all studied enzymes were higher: nNOS by 44,9%,
iINOS by 43,7%, eNOS by 34,6% than in rats with
ESH (Table 1).

The relative area of the immunoreactive material
for NOS isoforms in the LC in hypertensive rats was
significantly increased: in SHR: nNOS by 41%,
iINOS by 49,8%, eNOS by 35,2%; ESH: nNOS by
19%, iINOS by 22,7%, eNOS by 17,4%. In the ESH
rats, the relative area of the IRM to the isoforms
was significantly lower than in the SHR rats: nNOS
by 18,4%, iINOS by 22,1% and eNOS by 15,1%
(Table 2).

Table 1
Concentrations (Uif/um®) of NOS isoforms in the LC in rats of experimental groups, (M + m)
Animal lines Wistar, _ —
Isoforms of NOS n=10 SHR, n=10 ESH, n=10
nNOS 6,48£0,12 9,3240,18" 6,43£0,15°
iINOS 7,04£0,1 9,56+0,19" 6,65+0,15">
eNOS 5,97+0,13 9,25+0,14" 6,87+0,16">

Notes: 1). (1) - significant differences in the indices (p <0,05) in the rats of the experimental groups toward to control.
2). (2) significant differences in the indices (p <0,05) in rats with ESH are significant toward to the SHR rats.

Table 2
The relative area of the immunoreative material (%) to the NOS isoforms in the LC of rats in experimental groups (M + m)
Animal lines Wistar, SHR, ESH,
Isoformes of NOS n=10 n=10 n=10
nNOS 42,30+0,81 59,65+0,56" % 50,37+0,72"
iINOS 40,80+0,71 61,13+0,71"2 50,06+0,68" 2
eNOS 42,42+0,88 57,35+0,98" 2 49,80+0,58" %

Notes: 1). (1) - significant differences in the indices (p <0.05) in the rats of the experimental groups toward to control.
2). (2) significant differences in the indices (p <0.05) in rats with ESH are significant toward to the SHR rats.

It has been proved that NO has a stimulating ef-
fect on the LC neurons [12]. This fact was shown in
studies by Zhi-Qing Xu et al. and confirmed by the
electrophysiological method [13]. Taking into ac-
count these facts, we can suppose that an increase
of the nNOS expression in SHR rats in the LC indi-
cates a high degree of excitation/activity of the neu-
rons of this structure. At the same time in rats with
ESH model this fact is not observed.

The increase of the expression of eNOS which
was observed in the LC of rats with experimental
hypertension may indicate an increase in vasculari-
zation within the LC, which may also be due to an
increase in the activity of neurons in the structure
under study. This fact was noted in both models of
arterial hypertension.

The fact of INOS expression increase in the LC of
hypertensive rats may result from several causes. Pre-
viously, it was believed that INOS expression in neu-
rons occurs only during an immune response. In-
creased iINOS expression was associated with neu-
rones death due to activation of phagocytic NADP oxi-
dase in microglia[14]. But to this date it has been
shown that INOS can be produced constitutionally in
neurons, microglia and astrocytes [15]. At the moment,
its role in these cells is actively discussed.
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Conclusions

Based on the results of our study, we can draw
the following conclusions:

1. The expression and the balance of NOS iso-
forms in the LC neurons of the brain stem in hyper-
tensive animals have differences in comparison
with normotensive animals and depend on the etio-
logical factor of hypertension.

2. Peculiarities of NOS expression in various
models of hypertension depend on the leading
mechanism of its development. Thus, in the case of
essential hypertension (SHR rats) the highest ex-
pression indices of all three isoforms are observed.
In rats with ESH an increase in the area of the IRM
for all three NOS isoforms was observed probably
due to bigger amount of activated neurons or a due
to more diffuse enzyme distribution in the cells. At
the same time their concentration which is indica-
tive of the synthetic processes activity in neurons,
increased only for NOS, whereas - the concentra-
tion of NNOS did not change, and iINOS concentra-
tion- decreased.

Prospects for further research: In order to as-
sess more accurately the functional activity of the
LC neurons, it is necessary to perform morphoden-
sitometric examination of LC neurons.
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Pedepar
OCOBEHHOCTW 9KCMPECCUM MBO®OPM CUHTA3LI OKCUIA ASOTA B HEMPOHAX LOCUS COERULEUS KPbIC MPU
OKCMEPUMEHTAJNBHOW APTEPUATIBHOW MMEPTEH3UWN PA3MNYHOIMO MEHE3A
Oanykano M.B., MaHyeBa O.B., MensHukosa O.B., Bopogeesa HO.U.
KntoueBble crioBa: cTBON Mo3ra, locus coeruleus, nsocdopmel NOS. apTepuanbHas runepTeHaus.

Llenbto Hawel paboTbl BbIN0 yCTaHOBUTL OCOBEHHOCTU 3KCNpPeccun n3oopM CMHTa3bl OKCMAa as3oTa B
CTPYKTYpe rofnyboro nsitHa y KpbIiC MPU 3KCNEpPUMEHTarnbHOW apTepuarnbHOW TMNepTeH3NU PasfMyHOro
reHesa (dcceHumanbHOM U 3HOOKPUHHO-cONeBOK). [1ns peanusauun BbllleykazaHHON Lenu Obino npoBeaeHo
nccneposaHue Ha 20 kpbicax-camuax nuHum Wistar n 10 kpbicax-camuax nuHun SHR. 10 camuos Wistar
cnyxunu KoHTpornem, y 10 — cmogenupoBanu SHAOKPUHHO-COMEBYKD runepteH3nin. OO0bekTom
nccneposaHusa Obin CcTBON Mo3ra. [na udydeHus natrepHa aKcnpeccum n3odopM CUMHTa3bl OKcMaa asoTa
ncnonb3oBanM MMMYHOMOOPECUEHTHBIN MeTo uAeHTUdUKaUMM hepMeHTa B CEPUNHBIX cpe3ax cTBona
Mosra. B xoge npoBegeHHOro uccrnefoBaHust ObINIO YCTAHOBIEHO, YTO MaTTEPH akcnpeccun n HGanaHc
pasnuuHbIX M30hOPM CUHTa3bl OKCMAa as3oTa B CTPYKType ronyboro naTHa KpbIC Npy apTepuarnbHOm
rMNepTeEH3NN UMEET OTIIMYMS OT HOPMOTEH3MBHBIX XUBOTHbLIX. OCOBEHHOCTM 3KCMpeccMn n3odopm CUHTa3bI
oKkcuaa asoTa npu apTepuarnbHOM rmnepTeH3un 3aBUCAT OT MexaHuama eé opmupoBaHus. Tak, Hambonee
BbICOKME Lncpbl 3KCnpeccum Bcex Tpex M3odopM U3y4aemoro 3H3nma HabrogatoTcs Npu 3cceHumanbHom
rMMNepTeH3nn, MOAENbI0 KOTOPOM SABMANUCE KpbiCbl NMMHUKM SHR. MNpu 3HOOKPUHHO-CONEBOW MMNepTEeH3nn
OTMEYEHO yBenMyeHne nnowaanm UMMYHOPEaKTMBHOIO MaTtepuana ang Bcex Tpex U3odopM, Torga kKak ux
KOHLIEHTpauusa yBenuymMBanacb TOMbKO 3HOOTENManbHOM U30hopMbl CMHTa3bl OKCMAa a3oTa, Torda kak —
KOHLIEHTpaUUsa HEMpOHanbHON He U3MEHsANach, a MHAYLMOENbHON - CHWXanacs.

Pedepar
OCOBNNBOCTI EKCMPECIT 1I300OPM CUHTA3M OKCUAY A30TY B HEMPOHAX LOCUS COERULEUS LUYPIB NPU
APTEPIANbLHIV MNEPTEHSIT PI3HOIO I'EHE3Y
Oanykano M.B., MaHueBa O. B., MensHukoBa O.B., Bopogeesa HO.I.
Kntouosi cnoea: cTtoBByp Mo3ky, locus coeruleus, iz3ocpopmn NOS. apTepianbHa rinepreHsis.

MeToto Hawoi poboTn Byno BCTaHOBUTU OCOBNMBOCTI eKcrpecii i30hopM CUHTa3M OKCUAy a3oTy B CTPYK-
Typi 6GNaknUTHOT NNSMU Y LLYPIB NPpU ekcnepuMeHTanbHin apTepianbHin rinepTeHsii pisHoro reHesy (eceHuja-
NbHIN Ta eHOOKPMHHO-CONbOBIN). [ns peanisauii BULLE3a3Ha4YeHOT MeTu Byno npoBedeHe OOCMiIKEHHST Ha
20 wypax-camugax niHit Wistar ta 10 wypax-camugax niHit SHR. 10 camuis Wistar cniyrysanu koHTponem, y 10
— 3MopgentoBanu eHaoKPUHHO-COMNboBY rinepTeHsito. O6’ekToM gocnigkeHHs 6ys ctoBOyp Mo3ky. [Ans Bu-
BYEHHS MaTTepHy eKCnpecii i30popM CUHTa3n okcuay asoTy BUKOPUCTOBYBAaSM iMyHOMNIOOPECLEHTHUI Me-
TOoA ineHTudikauii doepmeHTy B cepilHMX 3pi3ax ctoBOypa Mo3ky. B xoai npoBegeHoro gocnigxkeHHs 6yno
BCTaHOBIIEHO, WO NaTTepH ekcnpecii Ta 6anaHc pi3HMX i30bOpM CUHTa3M OKCuay a3oTy B CTPYKTYpi GrakuT-
HOI MNAMM NpW apTepianbHin rinepTeHsii Mae BiAMIHHOCTI Bif, HOPMOTEH3MBHMX TBapuH. OcobNMUBOCTI ekc-
npecii i3opopM CUHTa3n okcuay a3oTy Npu apTepianbHiv rinepTeHsii 3anexaTb Big MexaHiamy Ti (popmyBaH-
HS. Tak, HanBinbL BUCOKI LMdpK ekcnpecii BCiX TPbOX i30hopM hepMeEHTY L0 BUBYAETLCA CNOCTEpPirarnTLEA
npuv eceHuianbHin rinepTeHsii, Mmogennto koTpoi 6ynu wypu niHii SHR. MNpy eHOoKPUHHO-CONbOBIN rinepTeHsii
BiAMiYeHO 36iNnbLUEeHHSA MIoLi iIMyHOPeaKTUBHOIrO MaTepiany BCiX TPbOX i30popM, B TOM Yac K iX KOHLEHT-
pauisa 36inblwunack TifbkM eHgoTenianbHOol i30h0pMKU CUHTa3M OKCUAY a30Ty, ToAi SK KOHLEHTpaLis Henlpo-
HanbHOI i30b0pMM HE 3MiHIOBanach, a iHgyunbenbHOI — 3HXKyBanach.
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