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The aim of this work is to determine the features of the neurotensin content in the hypothalamic ARC in Wistar rat and SHR
strains in arterial hypertension of different etiology: endocrine-salt and essential.

Materials and methods. The study was performed on 24 adult male rats at the age of 13—14 months, weight of 250-270 g,
which were divided into three experimental groups of 8 animals each. The 1% group (control) — Wistar rats with normal BP
indices (Psys / Pdias = 110/75 + 5 mm Hg), the 2" — Wistar rats with endocrine-salt model of hypertension (Psys/Pdias
= 145/110 £ 10 mm Hg); the 3 — SHR with spontaneous arterial hypertension (Psys/Pdias = 150/110 £ 10 mm Hg). An
immunohistochemical method was used to study the content of neurotensin in the arcuate nucleus, analyzed by digital
processing with Image J and EXCEL-7.0.

Results. Persistent increase in BP is accompanied by an increase in the content and concentration of neurotensin in the
hypothalamic ARC, does not depend on the etiology of hypertension and has a compensatory character. In SHR with essential
hypertension there is a higher expression of neurotensin in the hypothalamic ARC in comparison with the endocrine-salt model
of hypertension, but the number of neurons involved in the synthesis and accumulation of the neurohormone is significantly
lower, which characterizes the morphological features of cellular populations in the hypothalamus of the animals of this strain
and can play a role in the development and progression of hypertension.

KinbKicHi xapaKTepucTUK1 BMiCTy HEUPOTEH3UHY B apKyaTHOMY fIADi rinoTanamyca
NpU pi3HKX 3a eTiOAOTiE0 apTepiaAbHMUX rinepTeH3iax

0. B. laHueBa, C. B. TiweHko, T. B. IBaHeHKo

MeTa po60T1 — BCTAaHOBWTY OCOGINMBOCTI BMICTY HEPOTEH3WHY B apkyaTHoMy siapi (Apsl) rinotanamyca B Lwypis ninin Wistar
i SHR npw eTionorivyHo pisHKX apTepianbHUX rnepTeH3isX (EHAOKPUHHO-COMNbOBI Ta eceHLianbHii).

Marepianu Ta Mmetoau. [IOCTiMKEHHS BUKOHANN Ha 24 cTaTeBO3pInKX Lypax-camusax macoto 250-270 r, Bikom 13—14 mics-
LiB, AKX NOAINUIM Ha 3 eKCnepuMeHTarbHi rpyny no 8 TBapWH Y KOXHIN: 1 — KOHTPOMbHA 3 HOPManbHUMM NokasHukamn AT
(Pc/Pa = 110/75 £ 5 MM pT. CT.), Wypw ninii Wistar; 2 — wypw ninii Wistar 3 eHgokpuHHo-conbosoto mogennto Al (145/110 +
10 MM pT. cT.); 3 — Lwypw NiHii SHR 3i cnoHTanHoto Al (Pc/Pa = 150/110 £ 10 MM pT. CT.). [iNs BUBYEHHS BMICTY HENPOTEH3NHY
B apKyaTHOMY sipi BUKOpMCTanu iMyHoricToximMiuHuiA meTod. Hagani gaHi onpautosanv B nporpamax Imaged i EXCEL-7.0.

Pesyniratu. Crilike NiABULLEHHS apTepianbHOrO TUCKY CyMPOBOMKYETHCS 36iMbLLEHHSIM BMICTY Ta KOHLIEHTpALLii HEeApOTEH3NHY
(HT) B ApA rinotanamyca 11 He 3anexuTb Big eTionorii A, Mae komneHcaTopHuii xapakTep. MNpu eceHuianbHin Al y LypiB niHii
SHR BusHaumnu BuLy exkcnpecito HT B ApfA rinotTanamyca nopiBHSHO 3 €HAOKPUHHO-COMNbOBOK MOAENHO rinepTeH3ii, ane
KiNbKiCTb HEMPOHIB, 3aMy4eHNX Yy HaKOMUYEHHS! | CUHTE3 HEMPOrOPMOHa, BipOTiAHO MEHLLI, LLIO XapaKTepuaye MoponoriyHy
0CO6NMBICTb KNITUHHIX MOMYNALIN rinoTanamyca y TBapuH Liel NiKii Ta Moxe BigirpaBaTi porb y PO3BUTKY, MPOrpecyBaHHi Al

KoAnuecTBeHHbIE XapaKTepUCTUKU COAEPKaHUA HEUPOTEH3UHA B apKyaTHOM AAPe
runoTanamyca npu pasHbiX N0 3THOAOTMU apTepUaAbHbIX TMIEPTEH3UAX

0. B. laHueBa, C. B. TulueHko, T. B. UBaHeHKo

Llenb paboTbl — ycTaHOBUTL OCOBEHHOCTU COLEPaHWS HEMPOTEH3VHA B apkyaTHOM sigpe (Apf) runotanamyca y Kpbic
nmHuin Wistar n SHR npu aTronorniecku pasnmyHbix apTepuarnbHbIX rMnepTeH3snsx (SHLOKPUHHO-CONEBOW 1 3CCEHLMANbHO).

MaTtepuanb! U meToabl. ViccnenoBaHve npoBeaeHo Ha 24 NonoBo3perbiX Kpbicax-camuax maccon 250-270 r, B Bo3pacTte
13-14 mecsLeB, KOTOPbIX NOAENUM Ha 3 3KCNepPUMEHTaNbHbIE rPYNMbI MO 8 XXMBOTHBIX B KAXOOW: 1 — KOHTPOrNbHasA ¢ Hopmarb-
HbiMu nokasatenamu AL (Pc/Pg =110/75 1 5 mm pr. cT.), kpbicel nuHum Wistar; 2 — kpbicel nuHum Wistar ¢ 3HAOKpUHHO-CONEeBOW
mopenbto Al (145/110 + 10 mm pr. cT.); 3 — kpbicbl MMHUMM SHR co cnoHTanHon Al (Pc/Pg = 150/110 £ 10 mm p. cT.). Ans
U3Yy4EHUS COlEPKaHNS HEMPOTEH3VHA B apKyaTHOM SiApe UCMOoNb3oBani UMMYHOTMCTOXUMUYECKIUI METOZ C nocrneaytoLLei
umncpoBoii 06paboTkoi AaHHbIX B nporpammax Imaged n EXCEL-7.0.

Pe3ynkratkl. CToMKOE NoBbILLEHVEe ALl CONPOBOXAAETCA YBENMYEHNEM COAEPKaHNS N KOHLEHTpaLMn HeMpoTeH3nHa B Aps
runoTanamyca, He 3aBuUCUT OT 3Tonorum Al 1 HOCUT KOMMEHCATOPHbIN xapakTep. Npu acceHumansHom Al y KpbIC NIMHAN
SHR otmeyeHa bonee Bbicokas akcnpeccust HT B ApA runotanamyca no CpaBHEHUIO C 3HOAOKPUHHO-COMNEBOV MOAENbIO
TUNEPTEH3NM, HO MPY STOM KOJIMYECTBO BOBMEYEHHBIX HEMPOHOB B HAKOMMEHME W CUHTE3 HEAPOrOPMOHa JOCTOBEPHO HUXE,
YTO XapaKTepuayeT Moporormyeckyto 0COBEHHOCTb KIETOYHBIX MOMYMALMIA rMnoTanamyca y XMBOTHbIX 3TOV MUHAW U MOXET
urpaTb porb B pa3BuTUM 1 nporpeccupoBaHum Al
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At the present stage of society development the preva-
lence of cardiovascular diseases has increased, among
which arterial hypertension (AH) takes a leading place. So,
atthe current stage AH is diagnosed in 972 million people
with a tendency to increase in the number of patients. The
disease is polyetiologic, however among all diagnosed
cases of AH about 50 % had neurogenic origin. This type
of AH arises as a result of central regulatory mechanisms
for arterial blood pressure (BP) violation. [1]. The second
leading cause of AH is the endocrine system pathology [2].

Today it is well known that the central element of
arterial BP regulation is the hypothalamus and its nuclei
which provide interaction between suprasegmental and
segmental centers of the autonomic nervous system,
participate in maintenance of an organism homeostasis,
endocrine balance and vascular tone [3—4]. Adequate
regulation of arterial BP in changing conditions requires
coordination of a hypothalamus with superior and inferior
neuroendocrine centers as well as coordination of intra-
hypothalamic nuclei and structures. Hypothalamic ARC
carries out this function due to its topographical features,
alarge number of projections to other nuclei, a wide range
of synthesized neuropeptides in it and also the multire-
ceptor apparatus. Multi-year researches of neuropeptide
complexes in hypothalamic various structures have shown
their imbalance regardless of the AH etiology, however it
has its own particular characteristics depending on a dis-
ease etiology and topographical relation of structure [5-6].

Among a wide range of the synthesized neuro-
peptides in ARC, we have chosen neurotensin (NT), a
tridecapeptide that is distributed in various organs and
tissues in humans, its highest concentrations are found in
the GIT and the CNS. It should be noted that the highest
concentration of NT localized in CNS is observed in hypo-
thalamus [7]. The physiological effect of NT is dependent
on its concentration and place of action therefore number
of authors describe its multidirectional effects. Central
injection of NT led to hypothermia, analgesia, relaxation of
muscles and decreased arterial pressure [8] whereas NT
peripheral action was characterized by vasoconstriction,
stimulation of intestine motility, inhibition of hydrochloric
acid secretion [9].

The purpose

The purpose of the work was to determine the features of
the neurotensin content in the hypothalamic ARC in Wistar
rat and SHR strains in arterial hypertension of different
etiology: endocrine-salt and essential

Materials and methods

The study was performed on 24 adult male rats at the age
of 13—14 months, weight of 250-270 g, which were divided
into three experimental groups of 8 animals each: the 1%
group (control) — Wistar rats with normal BP indices (Psys
|/ Pdias = 110/75 £ 5 mm Hg); the 2™ — Wistar rats with
endocrine-salt model (ESM) of hypertension (Psys / Pdias
=145/110 £ 10 mm Hg), (Ukraine patent Ne UA 102234);
the 3¢ — SHR with spontaneous arterial hypertension
(Psys / Pdias = 150/110 + 10 mm Hg). An experimental
part of the study was carried out in accordance with the
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National «General Ethical Principles of Experiments on
Animals» (Ukraine, 2001), approved by the Directive
2010/63/EU, adopted in September 22, 2010, by the
European Parliament and Council for the protection of
animals used for scientific purposes.

To improve the neuropeptides detection animals un-
derwent the intracerebroventricular injection of colchicine
two days prior to removing from the experiment that led
to axonal transport violation and promoted local accumu-
lation of neuropeptides in the hypothalamus.

The object of study in experimental animals was
the hypothalamus, in 14 um sections of which immuno-
histochemical study was performed to research the NT
expression in ARC. Serial sections of the hypothalamus
were incubated with rabbit anti-NT 1gG (Santa Cruz
Biotechnology, USA), diluted 1:200, for 24 hours at T
=+ 40 °C in polymeric chambers, then FITC-conjugat-
ed mouse anti-rabbit IgG (Santa Cruz Biotechnology,
USA), diluted 1:200, were added for 45 minutes at
T = +37 °C and placed in a mixture of glycerol/phos-
phate buffer (9:1).

Specificity control of antibody binding was carried out
in a similar manner, but the sections before the primary
antibodies application were incubated with the corre-
sponding blocking peptide (Santa Cruz Biotechnology,
USA), diluted 1:50. The sections were examined with
ultraviolet microscopy (Axio Imager microscope-M2, Carl
Zeiss, Germany) with an excitation wavelength 390 nm,
using a filter 38HE with high emission (Carl Zeiss, Ger-
many). The images were captured using an 8-bit camera
AxioCam-ERc5s (Carl Zeiss, Germany) and recorded into
computer file. Images analysis was performed semi-au-
tomatically using Image J software with an open source
(National Institutes of Health, USA).

For accurate identification of the fluorescence area
and thus the structure of ARC a «mask» was applied in
which the content of immunoreactive material (IRM) to
NT in relative units (Uif), the IRM to NT concentration in
1 um? (Uif/lum?) and the IRM to NT specific area (%) in
relation to the “mask” square were calculated. At least
200 fields of view in each series were subjected to study.
All experimental data were processed using the software
EXCEL 7.0 (Microsoft Corporation, USA). The arithmetic
average value of the sample (M), its dispersion and mean
error (m) were calculated for all indicators. In order to
determine significance of study results differences in the
experimental groups, Student’s coefficient (t) was used
and then definition of differences between samples (p)
probability and confidence interval of mean by Student’s
distribution tables were carried out. P value < 0.05 was
considered statistically significant.

Results

In the present study of distribution of NT in hypothalamic
ARC in Wistar rats and SHR strain it has been found that
persistentincrease in BP was accompanied by stereotype
changes in NT expression in etiologically different AH that
was characterized by a significant increase in both IRM
content and concentration in SHR by 42 % and 10 %; in
rats with endocrine-salt hypertension by 40 % and 6 %
respectively (Table 1, Fig. 1).
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Table 1. NT expression in hypothalamic ARC in the experimental animal groups (M £ m)

- Immunoreactive material content, Uif Immunoreactive material concentration, Uif[um? | Immunoreactive material specific area, %

Wistar
SHR
ESM

160.144 + 3.598
249.249 + 8.526"
177.708 + 3.9572

14.969 + 0.225
24.369 + 0.741"
16.347 £ 0.362?

53.418 £ 0.59
46.017 +0.732"
55.144 £ 0.626

% significant difference of the experimental groups indices (P value < 0.05) in comparison with the control indices; 2 significant difference of SHR strain indices (P value < 0.05) in comparison
with endocrine-salt hypertension animal group indices.

Fig. 1. Distribution of IRM in hypothalamic ARC neurons in the control (A), SHR (B) and endocrine-salt hypertension (C) groups.
Reaction of indirect immunofluorescence, magn. x400.
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NT distribution in the ARC structure, which depends
on the number of NT expressing and accumulating
neurons is associated with the etiology and patho-
genesis of AH. Thus, in essential hypertension (SHR
strain) IRM to NT specific area was significantly lower
by 13 % than in the rats of control group, whereas in
animals with endocrine-salt hypertension it was not
significantly different from that of the control (Table 1,
Fig. 1).

Comparative analysis of the IRM to NT expression
in hypothalamic ARC in rats with AH showed that the
highest content and concentration of neurohormone
were observed in the SHR group by 40 % and 50 %,
respectively higher in comparison with group of animals
with endocrine-salt hypertension. Although the IRM to NT
specific area was 16 % less (Table 1).

Discussion

The results obtained in the course of study: the IRM
to NT expression and content in hypothalamic ARC
in rats with AH raise a number of issues and require
deeper analysis. Today there is no clear opinion con-
cerning intrahypotalamic NT concentration, its role and
importance in the etiologically different AH. Moreover,
even in the well studied SHR strain with genetically
determined AH, different researchers show opposite
results of NT content, making various hypotheses of its
role in hypertension development and progression [10].
So, in the 1980-1990s a group of scientists (A. Shulkes,
S. J. Lewis and B. Jarrott) carried out the study and found
that NT distribution in the brain of SHR and normotensive
rats Wistar-Kyoto (WKY) was similar, its highest concen-
tration (55-75 pmol/g) was in the hypothalamus and the
lowest in the cerebellum (3-6 pmol/g). While in compar-
ison with WKY rats SHR had significantly lower levels
of NT in the hypothalamus (-17 %), medulla oblongata
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(-18 %), pituitary gland (-52 %) and spinal cord (-44 %).
The authors explain obtained results by a possible role
of NT as a neurotransmitter and its cardiovascular effects
following central and peripheral administration. They be-
lieve that reduced levels of this peptide may be relevant
to its regulatory influence in conditions of increased blood
pressure of SHR [10,11]. However, we believe that the
quantitative indices of any neurohormone expression
and prevalence in the brain structures depend on the
detection method, state of animals at the time of study
(anesthetized or awake), topographical relation to cer-
tain nuclear structures of the brain and their function,
axonal transport velocity, neurohormone synthesis and
accumulation in the neurons.

So, in the described above work, the study of local
NT concentrations in the brain structures was carried
out using neurohormone extraction from homogenates
of the hypothalamus, pituitary gland, cerebellum and the
brain stem and then its restoring and identification with
radioimmunoassay.

The advantage of our study were 2-3 days prior in-
tracerebroventricular injection of colchicine in vivo, which
contributed to the IRM accumulation in hypothalamic
neurons, direct identification of NT in the ARC structure,
exclusion of the adjacent hypothalamic structures, which
can synthesize or accumulate NT with the help of region
of interest selection (“mask”) in the quantitative indices
calculation.

Thus, the established fact of NT expression increase
in hypothalamic ARC with persistent increase in blood
pressure, the uniformity of its content changes in etiolog-
ically different AH indicate this neuropeptide involvement
in the control and regulation of BP. The same effect of
NT was proved by the results of experimental studies,
conducted by Rioux and his colleagues who observed that
intracerebroventricular injections of NT led to significant
hypotension in anesthetized rats [11].
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The fact of immunoreactive to NT specific area de-
crease in hypothalamic ARC in SHR strain characterizes
the morphological features of hypothalamic cell popula-
tions as it has repeatedly been noted by other researchers
[12]. Here, the recent morphological studies have shown
that the number of neurons in several hypothalamic nuclei
(including paraventricular and periventricular optic nuclei)
was reduced in SHR strain in comparison with WKY
rats. If the reduction in the number of cells is a common
phenomenon for SHR, this may explain the significant
increase in both concentration and content of local NT
levels in hypothalamic ARC in comparison with Wistar
rats with endocrine-salt hypertension.

Conclusions

1. Persistent increase in BP is accompanied by an
increase in the content and concentration of NT in the
hypothalamic ARC, it does not depend on the etiology of
hypertension and has a compensatory character.

2. In SHR with essential hypertension there is a higher
expression of neurotensin in the hypothalamic ARC in
comparison with the endocrine-salt model of hypertension,
but the number of neurons involved in the synthesis and
accumulation of the neurohormone is significantly lower,
which characterizes morphological features of the hypo-
thalamic cellular populations in the animals of this strain
and can play a role in the development and progression
of hypertension.

Prospects of the further researches: intracerebro-
ventricular injections of NT are planned with simultaneous
BP measuring for the profound study of NT influence on
the hypertension development.
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