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The aim of our study was to establish the morphodensitometric features of locus coeruleus (LC) neurons nuclei in the brain
stem of rats with arterial hypertension of various origin (essential - SHR and endocrine-salt hypertension (ESH)).

Matherials and methods. The study was carried out on 30 mature male rats: 10 control Wistar rats, 10 Wistar rats
with modeled endocrine-salt AH (ESH) and 10 spontaneously hypertensive rats (SHR) with genetically determined
hypertension. The histochemical method of staining with gallocyanine-chrome alum by Einarson was used for the evaluation
of morphodensitometric characteristics of the neurons nuclei: the nucleus area, the content and concentration of nucleic
acids (NA) in the nucleus.

Results. It was found that the highest indices were observed in rats of the SHR line while in rats with ESH the content, RNA
concentration and nucleus area decreased. In SHR rats with essential hypertension high synthetic activity was observed in
the LC neurons with an increase of the content and concentration of NA.

Conclusions. Morphometric and densitometric characteristics of the of the brain stem LC in AH depend on the etiological
factor and pathogenesis of hypertension. In essential AH of SHR there is a high synthetic activity in the brainstem LC neurons
nuclei along with an increase in the content and concentration of NA. In symptomatic AH in rats with ESH, on the contrary,
the structure activity is decreased and characterized by the reduction in nucleus size and NA content in it.

Mop¢doAeHCUTOMETPUUHI XapaKTEePUCTUKHU AAEP HEMPOHIB 6AAKUTHOI NAAMU cTOBOYpa
MO3KY LLypiB NP1 eKcnepuMeHTaAbHiM apTepianbHin rinepTeHsii

0. B. TanueBa, M. B. AaHykano, O. B. MenbHikoBa

MeTa po60TH — BCTaHOBUTH 0COBNMBOCTI MOPHOAEHCUTOMETPUYHIX NaPaMETPIB SiAep HEMPOHIB BriakMTHOT NnsMu cToOYpa
MO3KY LLypIB Npy apTepiarbHil rinepTeHsii pisHoro reHesy (eceHuianbHii — Wwypu niHii SHR, eHAOKPUHHO-COMNLOBIi).

Matepianu Ta metoaum. [JocnimkeHHs BUKOHanM Ha ctateBoapinmx 30 wypax-camusix, cepes Hux 20 TBapuH ninii Wistar, sikux
noginunu Ha agi rpynu: 10 — koHTponb, 10 — 3MogensoBaHa eHpokpuHHo-conbosa Al (ECI); 10 wypis niHii SHR i3 reHeTnyHO
fetepmiHoBaHoto Al [Ins SOCMIMKEHHS MOPOLAEHCUTOMETPUYHUX XapaKTEPUCTUK SAep HEMpOHiB BrnakuTHoi nnsmu (BIM)
BUKOPUCTOBYBaNW TiCTOXIMIYHWI MeTog 3abapBneHHst ranovjiaHiH-XpoMoBKMM ranyHamm 3a EiHapcoHom. OuiHioBanu Taki
NOKa3HWKV SAep HEMPOHIB: NNoLLa siApa, BMICT | KOHLEHTpauis HykneiHosux kucnoT (HK) B sapi.

Pe3ynkratn. BetaHoBunM, WO HaBuMLLi NOKa3HMKK cnocTepirany B wypis NiHii SHR, a B wypie 3 ECI nokasHuku BMicCTy,
koHueHTpauii HK i nnowwi ameHwwmnmes.

BucHoBku. MopthoaeHCMTOMETPUYHI XapaKTepuCTVKu HerpoHiB Bl ctoBOypa Mo3Ky npyu apTepianbHil rinepTeHsii 3anexarb
BiZ il €TionoriyHoro YiHHKMKa Ta natoreHesy. MNpw eceHujanbHin Al y Wwypis niHii SHR cnocTepirany BUCOKY CUHTETUYHY aKTVB-
HIiCTb B iapax HelipoHis Bl cToBbypa mMo3ky 3i 30inbLweHHsM BMICTY Ta koHueHTpauii HK. Mpu cumntomatnyHin ATy wypis 3
ECI akTMBHICTb CTPYKTYpY 3HWXKYETLCS Ta XapakTepuayeTbCst 3MeHLLeHHsaM BMicTy HK i nnowi sgpa HelpoHa.

Mop¢oaeHCUTOMETPHUECKHE XapaKTEPUCTUKKN AAeP HEHPOHOB roAyboro nATHa CTBOAQ
MO3ra KpbIC NPU 3KCNepUMEHTaAbHON apTepUanbHON rUNepTEH3UM

0. B. laHueBa, M. B. AaHykano, 0. B. MeAbHUKOBa

Llenb pa6oTbI — ycTaHOBUTL 0COBEHHOCTY MOPhOAEHCUTOMETPUYECKUX NAPAMETPOB SAEP HENPOHOB ronyboro NsTHa CTBONa
Mo3ra KpbIC Npy apTepuarnbHO MnepTeH3nn pasnnuyHoro reHesa (3cceHLmanbHo — Kpbichl MHMM SHR, 3HAOKPUHHO-CONEBON).

Matepuanbl u meTtofbl. Viccnenosanve nposefeHo Ha nonosospenbix 30 Kpbicax-camuax, cpeam Kotopbix 20 XWBOTHBIX
nunun Wistar, pasgeneHHbix Ha ase rpynnbi: 10 — koHTponb, 10 — co cMoagenupoBaHHO 3HAOKPUHHO-conesor Al (CI); n 10
Kpbic TMHUM SHR ¢ reHeTyeckn aeTepmmHmnpoBaHHon Al ins uccnegoBaHus MOpOOAEHCUTOMETPUYECKNX XapaKTEPUCTK
snep HeipoHoB rony6oro nsitHa (1) ucnonb3oBany rTMCTOXMMUYECKV e METOLbI OKPacky ranmnoLuaHiH-XpoOMOBBIMU KBac-
uamm o JiiHapcoHy. OueHVBany crnegyroLme nokasatenu saep HeMpoHOB: NioLab sapa, COAePXaHe U KOHLEHTpauus
HykneuHoBbIx kucnoT (HK) B sigpe.
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Pesynkrathl. B xoae nccnenoBanns ycTaHOBUMW, YTO Hanbonee BbICOKME nokasatenu Habnogany y kpbic mHnm SHR; y
kpbic ¢ OCI™ nokasatenu cogepxanus, kKoHueHTpauum PHK v nnowwaamn ymeHbwmnnmcesb.

BriBoabl. MopdogeHcuTomeTpuiecke xapaktepucTuky HepoHoB [T1 cTBona mo3ra npu apTepuanbHON rMnepTeH3vum
3aBUCAT OT ee 3TNONOrMYeckoro gaktopa v natoreHesa. Mpu acceHumansHon Al y kpbic MHUM SHR oTmeveHa Bbicokast
CHMHTETMYECKas akTUBHOCTb B siApax HelpoHoB [T cTBona Mo3ra ¢ yBenuyeHnem cogepxanns v koHueHTpauu HK. Mpu
cumntomatudeckon Al y kpbic ¢ QCIT aKTMBHOCTb CTPYKTYPbI CHIDKAETCS M XapaKTepU3yeTCcs YMEHbLLEHVEM COAEepXaHus

HK v nnowaau sapa HerpoHa.

Arterial hypertension (AH) is one of the most common
human chronic diseases. In Ukraine, according to epi-
demiological studies, age-standardized prevalence of
hypertension in the urban population is 29.6 % both for
men and women. Among the rural population the inci-
dence of hypertension is higher — 36.3 %, in particular
37.9 % for men and 35.1 % for women. Also, the interest
in this disease can be explained by its widespread, serious
and frequent complications which lead to high lethality
[1]. Considering the abovementioned, the relevance of
this nosology comprehensive study of is beyond any
doubt. Today, for further understanding of hypertension
pathogenesis, the research of the functional activity of
neurons which are the key centers of blood pressure (BP)
regulation in AH of various origin is the object of many
scientific studies [2—4]. One of such important central
regulators of BP is locus coeruleus (LC) — the noradren-
ergic brainstem structure, the functional variety of which
is well described in the scientific literature [5,6]. Indeed,
it has been reported that its neuronal system plays an
important role in the regulation of the sleep-wake cycle
and BP, facilitates learning and memorizing processes as
well as regulates pain sensitivity [7,8]. Also mechanisms
of LC implication in BP control are described in various
scientific works [9,10].

However, the issue of LC structure functional capacity
in arterial hypertension of different etiopathogenesis, in
our opinion, is not sufficiently covered in the scientific
literature. The morphofunctional state of the neuron
could be measured indirectly, without applying direct
electrophysiological methods, by analyzing the nucleus
size and nucleic acids (NA) concentration in it, which

demonstrates the overall synthetic activity and functional
state of the cell [11,12]. Therefore, this study is based
on the corresponding histochemical method application.

Objective

To determine the peculiarities of morphometric and den-
sitometric parameters of brainstem LC neurons nuclei
in rats with AH of various genesis (essential - SHR and
endocrine-salt hypertension).

Materials and methods

The study was carried out on 30 mature male rats: 10
control Wistar rats, 10 Wistar rats with modeled endo-
crine-salt AH (ESH) and 10 spontaneously hypertensive
rats (SHR) with genetically determined hypertension. To
date, the SHR have been widely viewed as one that most
closely corresponds to human essential hypertension [13].

ESH was induced by intraperitoneal injection of
prednisolone (twice a day for 30 days: at 7 am — 2 mg/kg,
at 20 pm — 4 mg/kg) with 5 ml of 2.3 % NaCl solution
forced intake) [14]. This model is similar to the secondary
human AH in terms of endocrine abnormalities. The mean
BP on the 215t day of modeled ESH was 137.8 £ 5.0 mm
Hg, while it was 83.8 + 5.0 mm Hg in the control. In SHR
BP was 125.8 + 5.0 mm Hg throughout the monitoring
period. At the end of experiment the animals were imme-
diately sacrificed via decapitation after being anesthetized
with aethaminalum-natrium at a dose of 40 mg/kg body
weight intraperitoneally. The study object in experimental
animals was the medulla oblongata. The experimental

Fig. 1. Topography of the
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in rats (by Paxinos G.
The rat brain in stereotaxic
coordinates / G. Paxinos,
Ch. Watson — Academic
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Fig. 2. Neurons of LC in rats of the experimental groups (stained with gallocyanine-chrome alum

by Einarson):

A: in the control group rats; B: in the SHR; C: in the rats with induced ESH.

part of the study was carried out exactly in accordance
with the National “General Ethical Principles of Animal
Experimentation” (Ukraine, 2001), in agreement with
the Directive 2010/63EU of the European Parliament and

ISSN 2306-8027  http://pat.zsmu.edu.ua

of the Council of 22 September 2010 on the protection of
animals used for scientific purposes.

The topographical identification of the brainstem LC
neurons was performed using the stereotactic atlas of
the rat brain (Fig. 1) [15]. To determine the NA content
in the nuclei of neurons (mainly the heterogenous RNA),
the 5 ym sections were stained in gallocyanine-chrome
alum by Einarson [16] and mounted with Eukitt (O. Kindler
GmbH & Co, Freiburg, Germany) (Fig. 2).

The study of sections stained for NA was performed
in visible spectrum on the Axiolmager-M2 microscope
(Carl Zeiss, Germany). The images taken with the COHU
4922 (COHU Inc., USA) sensitive camera were recor-
ded as a computer file. The interactive mode was used
to identify nucleus-containing neurons and the zone
of “interest” whereas automatic calculations helped to
find the morphometric and densitometric parameters of
the nucleus — its area (um?) and optical density of NA (Uif),
which characterizes the NA content in the cell nucleus
section, concentration of NA in the nucleus (Uif/um?),
which indirectly reflects the neuron functional activity, were
calculated automatically. All these characteristics were
determined for each neuron. At least 100 cells from each
series were subjected to analysis. Microphotographs of
the neurons were processed using the Image J software.

Statistical analysis. All experimental data obtained
were calculated using EXCEL 7.0 (Microsoft Corp., USA)
and AtteStat free software package [17]. The arithmetic
mean value (M), its variance and the standard error of
the mean (m) were calculated for all indicators. Parametric
statistical methods (Student t-test for the sample with
normal distribution) and non-parametric (Mann-Whitney
test for the sample with non-normal distribution) were used
to determine the reliability of differences in study results
between the experimental and control groups of rats. The
differences were considered to be statistically reliable at
a value of P < 0.05 [18].

Results

The study of morphometric and densitometric character-
istics of the LC neurons nuclei has found some peculia-
rities in the indices of the experimental groups in relation
to the control group as well as the differences between
the experimental groups of rats with AH (Table 1, Fig. 2).

Thus, the content of NA in the LC neuron nuclei of
SHR was reliably higher by 21.68 % in comparison with
the control index. At the same time, the opposite dynam-
ics was revealed in rats with ESH in relation to control
animals, namely a reliable 14.23 %.decrease in the nu-
clear NA content. The difference in NA content between
the experimental groups was 29.51 % less in the rats with
ESH than in the SHR group (Table 1).

As for the area of LC neurons nuclei, there were no
reliable changes in SHR compared to the control group,
while in the rats with ESH a reliable 12.65 % decrease
in the nucleus area was observed. There was no reliable
difference between the experimental groups (Table 7).

The NA concentration in the nuclei of LC neurons was
also reliably 33.38 % higher only in the SHR compared
to the control index while in the rats with ESH there was
no significant difference with the control animals. There

Maronoris. Tom 16, Ne 1(45), civeHb — kBiTeHb 2019 p.
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Table 1. Morphometric and densitometric indices of the brainstem LC neurons nuclei in rats of the experimental groups (M

Group oreis Gharscienste tneer sujdy mm

Control
(n=10)

NA content (Uif) 21.36 +0.59 25.99 £ 1.16° 18.32+£0.79%
NA concentration (Uif /um?) 0.33+0.03 0.44 +0.04" 0.35+0.11*
Nuclear area (um?) 70.14 + 1.87 65.92 + 2.62 61.27 +2.46

*: indicates a significant difference in the parameters (P < 0.05) of the experimental group rats relative to the control; #: indicates a reliable difference in the parameters

(P < 0.05) between rats of the experimental groups with AH.

was a reliable difference between indices of the AH
groups. In the SHR the NA concentration in the nuclei
of LC neurons was 19.3 % higher compared to the rats
with ESH (Table 1).

Discussion

The results of these studies suggest that such differences
in the morphometric and densitometric indices of the LC
neurons nuclei of the experimental rats have resulted
from different pathogenetic peculiarities of the AH de-
velopment and course in SHR (known as a model of
essential hypertension) and in the endocrine-salt model
of symptomatic AH. The results obtained are supported
by other studies. I. Kourtesis et al. have showed the sig-
nificantly increased number of noradrenergic granules
and their size in the LC neurons of SHR as compared to
rats with normal BP, which proves this structure neurons
activation in essential AH [19]. Concerning the indices of
rats with induced symptomatic ESH, which significantly
differed from the previous model, it should be noted that
the induction was performed by repeated injections of
prednisolone, which has a cortisol-like effect and causes
a clinical manifestation of hypercorticism. It has already
been demonstrated that chronic hypercorticism leads to
a decrease in the content of biogenic amines, including
norepinephrine (NE), in the brain [20]. The researchers
explained that mainly by the increased monoamine oxi-
dase-A (MAO-A) activity which accelerates the NE degra-
dation. The fact of feedback between NE and cortisol has
turned out to be interesting: a decrease in the content of
NE increases the level of cortisol [21]. In other words, in
this situation we observe the classic pathophysiological
circulus vitiosus.

Taking into account other links of the ESH pathogene-
sis — hypernatremia and hypervolemia, it is worth pointing
out that Svensson et al. have found by electrophysiologi-
cal methods that the activity of LC neurons decreases with
an increase in circulating blood volume. The researchers
have explained that by the increasing activity of vagal
afferents and atrial receptors, they also have shown that
rat LC single neurons can correspondingly respond to
even minor blood volume fluctuations, also suggesting
that this structure is involved in circulating blood volume
regulation [22].

To sum up, the possible decrease in the LC activity,
as the primary source of NE in the brain, could be due
to a high level of cortisol and a simultaneous increase
in the inhibitory structures activity. Turning to our study,
we see that the decrease in the NA content and the nu-
clear area of LC neurons in rats with ESH are in logical
agreement with the results obtained by other researchers.

Pathologia. Volume 16. No. 1, January — April 2019

Conclusions

Based on the results of our study, the following con-
clusions can be made:

1. Morphometric and densitometric characteristics of
the of the brain stem LC in AH depend on the etiological
factor and pathogenesis of hypertension.

2. In essential AH of SHR there is a high synthetic
activity in the brainstem LC neurons nuclei along with an
increase in the content and concentration of NA.

3. In symptomatic AH in rats with ESH, on the con-
trary, the structure activity is decreased and characterized
by the reduction in nucleus size and NA content in it.
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