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Abstrakt. Praca sa zaoberd vplyvom perivaskuldrneho tukového
tkaniva (PVTT) na sympatoadrenergické kontrakcie izolovanych
artérii potkanov s normdlnym a zvySenym krvnym tlakom.
Z 12-tyzdniovych potkanov normotenzného kmena Wistar-Kyoto
(WKY), spontdnne hypertenznych potkanov (SHR) a ich krizen-
cov - hrani¢ne hypertenznych potkanov (BHR) bola po usmrteni
vypreparovana arteria mesenterica superior a aorta abdominalis,
z ktorych boli pripravené prstencové preparaty so zachovanym
a s odstranenym PVTT. U normotenznych aj hypertenznych
potkanov PVTT vykazovalo inhibi¢ny vplyv na kontrakcie mezen-
terickej artérie v odpovedi na exogénny noradrenalin. V mezen-
terickej artérii WKY potkanov sa antikontraktilny efekt PVTT pre-
javil tiez pri neurogénnych kontrakcidch vyvolanych elektrickou
stimulaciou perivaskularnych sympatikovych nervov, nebol viak
signifikantny u BHR a SHR. Pri brusnej aorte PVTT vyznamne ne-
ovplyvnilo kontraktilné odpovede na exogénny noradrenalin ani
u jednej skupiny potkanov. V pripade neurogénnych kontrakcii
brusnej aorty sa v pritomnosti PVTT pozorovalo ich vyznamné
zvacsenie u WKY a BHR, pravdepodobne v désledku hustejsieho
vyskytu sympatikovych nervovych zakonceni v PVTT tejto artérie.
Z vysledkov vyplyva, Ze inhibi¢ny vplyv PVTT na sympatoadre-
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Abstract. In this study, the effect of perivascular adipose tissue
(PVAT) on sympathoadrenergic contractions of conduit arteries
was studied in rats with normal and increased blood pressure. The
superior mesenteric artery and abdominal aorta were excised from
12-week-old rats of the Wistar-Kyoto (WKY), normotensive strain,
spontaneously hypertensive rats (SHR), and borderline hyperten-
sive rats (BHR) derived from cross-breeding SHR females with WKY
males, and paired ring preparations with PVAT intact or removed
were prepared from these arteries. In normotensive as well as in
hypertensive rats, PVAT exhibited an inhibitory effect on contractile
responses of mesenteric arteries to exogenous noradrealine. In the
mesenteric arteries of WKY, the anticontractile effect of PVAT was
observed also during neurogenic contractions evoked by electrical
stimulation of perivascular sympathetic nerves; however, it was
not significant in BHR and SHR. In the abdominal aorta of any
group of rats, PVAT did not significantly influence the contractions
to exogenous noradrenaline. The neurogenic contractions of the
abdominal aorta from WKY and BHR were significantly increased
in the presence of PVAT, possibly due to the higher density of
sympathetic nerve endings in the PVAT of this artery. In conclusion,
the inhibitory effect of PVAT on sympathoadrenergic contractions is
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nergické odpovede zévisi od denzity a distribucii sympatikovych
nervov v arteridlnej stene, kedZe tieto moézu zasahovat az do
PVTT a ovplyviiovat tak jeho vazomodulacné Gcinky. Zaroven sa
u SHR dokazal slabsi antikontraktilny efekt PVTT v mezenterickej
artérii, ¢o moze prispievat k zvysenej arteridlnej senzitivite na
adrenergické stimuly u tychto potkanov. Obr. 2, Tab. 1, Lit. 34,
online full text (Free, PDF) www.sks.sk
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dependent on the density and distribution of sympathetic nerves
in the arterial wall, as the sympathetic innervation might also be
present in PVAT and it could influence the vasomodulatory action
of PVAT. Furthermore, the weaker anticontractile effect of PVAT
in the mesenteric arteries from SHR might contribute to their
enhanced sensitivity to adrenergic stimuli. Fig. 2, Tab. 1, Ref. 34,
online full text (Free, PDF) www.sks.sk

Key words: perivascular adipose tissue — conduit arteries — sym-
pathetic nervous system — hypertension

Perivaskularne tukové tkanivo (PVTT) a jeho parakrinna
ucast na reguldcii cievnych funkcii sa stali predmetom
$tudii v rdmci viacerych experimentélnych prac z ostatnych
rokov. Soltis a Cassis (1) boli prvymi autormi, ktori do-
kazali tlmivy vplyv perivaskuldrneho tuku na kontraktilné
odpovede izolovanej aorty potkana indukované noradre-
nalinom. Nasledné pozorovania inych autorov potvrdili
inhibi¢né posobenie PVTT na kontrakcie vyvolané roz-
li¢nymi typmi vazokonstriktorov na preparatoch aorty (2,
3) a na mezenterickych artéridch potkana (4, 5), ako aj na
hrudnych artériach c¢loveka (6). V sucasnosti je znamych
viacero latok - adipokinov, cytokinov, mastnych kyselin,
plynnych transmiterov a dal$ich, ktoré su produkované
touto Strukturou a vykazuju modula¢né vplyvy na funkéné
prejavy ciev, vratane cievneho tonusu (7, 8). Z vysledkov
mnohych $tudii, ako i z nasich doterajsich pozorovani je
zrejmé, ze pri normalnych podmienkach prevlada antikon-
traktilné pdsobenie PVTT, ktoré je jednak podmienené
pritomnostou intaktného endotelu, jednak je z casti od
endotelu nezavislé (3), suvisiace s aktivaciou rozli¢nych
typov K* kandlov podla typu cievy alebo druhu organiz-
mu (2, 4 - 6). Uvedené nalezy viedli k otdzke vyznamu
zachovania intaktného PVTT v in vitro experimentoch na
izolovanych cievach, ako aj v klinickej praxi, a to najméi
kvoli prevencii vazospazmov, ku ktorym dochddza pri
poruseni alebo odstraneni PVTT pocas izolacie cievnych
$tepov pred ich chirurgickym pouzitim (6, 9).

Doteraz nebola uspokojivo zodpovedana otazka, ako je
parakrinnd - vazomodula¢na funkcia PVTT ovplyvnena pri
vysokom krvnom tlaku, respektive ¢i sa jej zmeny uplatiiuju
pri rozvoji hypertenzie, napriklad v ramci metabolického
syndromu, kedy je zvysSend telesna adipozita. Je zname, zZe
mnozstvo viscerdlneho tuku pri metabolickom syndréme
vyznamne koreluje s prevalenciou hypertenzie (10). Hyper-
tenzia suvisiaca so stavom obezity sa tak zdd byt v rozpore
s poznatkami o inhibi¢nom (antikontraktilnom) pdsobeni
perivaskularneho tuku na cievny tonus. Ukazuje sa vsak,
ze pri nadmernej akumulacii tuku dochddza v PVTT ku
zvy$enej tvorbe vazokonstrikénych a proinflamaé¢nych latok,
¢o mdze podsobit ako inicidtor aterosklerotickych zmien
v cievnej stene, stimulovat kontrakciu a proliferaciu hlad-

Perivascular adipose tissue (PVAT) and its paracrine regula-
tion of vascular function has become the subject of many
experimental studies during recent years. Soltis a Cassis (1)
were the first who demonstrated the attenuating effect of
perivascular fat on contractile responses of isolated rat aorta to
noradrenaline. The subsequent observations of other authors
confirmed the inhibitory action of PVAT during contractions
induced by various types of vasoconstrictors in rat aorta (2, 3)
and mesenteric arteries (4, 5) as well as in the human internal
thoracic artery (6). Presently, many substances - adipokines,
cytokines, fatty acids, gaseous transmitters and others - are
known to be produced in PVAT, acting as modulators of
functional properties of the vessels, including vascular tone
(7, 8). From the results of many studies, as well as from our
previous observations it is evident that in physiological condi-
tions the anticontractile effect of PVAT prevails, which was
found to be partially dependent on and partially independ-
ent of the presence of intact endothelium (3). Furthermore,
this effect is connected to the activation of various types of
potassium channels, depending on the type of vessel and
organism (2, 4 — 6). Such findings led to the question of
importance of retaining the intact PVAT on the surface of
vessels in in vitro measurements of their reactivity, as well as
in clinical praxis in the effort to prevent vasospasms which
are produced due to removal of PVAT during the isolation
of vessel grafts before their surgical use (6, 9).

Moreover, it is necessary to explore whether the paracrine
function of PVAT is altered in conditions of elevated vas-
cular resistance, or whether the changes in vasomodulatory
function of PVAT might participate in the development of
hypertension, particularly in metabolic syndrome when the
body adiposity is increased. It is well known that abdominal
(visceral) fat mass significantly correlates with the prevalence
of hypertension (10). Thus, the obesity-related hypertension
seems to be contrary to the inhibitory (anticontractile) effect
of PVAT on vascular tone. It has been shown, however, that
during excessive fat accumulation, a higher production of
vasoconstrictor and pro-inflammatory substances occurs in
PVAT, which might lead to the initiation of atherosclerotic
processes in the vascular wall, induction of contraction
and proliferation of vascular smooth muscle cells, and
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kosvalovych buniek a viest tak k vzniku kardiovaskuldrnych
ochoreni (8, 11, 12).

Na druhej strane, aj pri znizenom mnozstve PVTT sa
moze prejavit jeho nizsia antikontraktilnd kapacita. Napriklad
u spontdnne hypertenznych potkanov (SHR), najcastejsie
vyuzivanom modeli ludskej esencialnej hypertenzie, sa zistila
vyznamna redukcia mnozstva viscerdlneho tuku i celkovej
telesnej adipozity, o viaceri autori davaju do suvislosti so
slabsim antikontraktilnym vplyvom PVTT na cievny systém
pri tomto kmeni potkanov. Ukdzalo sa, ze okrem kvantitativnej
odlisnosti perivaskularny tuk u SHR vykazuje tiez mnohé
kvalitativne odchylky, akymi st napriklad zvysené zastipenie
hnedych adipocytov ¢i zvySena inervacia sympatikovym ner-
vovym systémom (13, 14). Zosilnena aktivita sympatikového
nervového systému je typickd pre SHR a prejavuje sa uz
v skorych fazach ich ontogenézy, kedy sa dokdzala zvysena
koncentracia nervového rastového faktora v cievnej stene (15)
a u juvenilnych SHR sa zistila zvySena denzita sympatikovej
inervécie kardiovaskularneho systému (16), ¢o sa u nich skoro
prejavuje hyperkinetickou cirkuldciou (17).

Lokalizacia sympatikovych nervovych vlakien v stene
cievy sa sustreduje prevazne do adventicidlnej vrstvy, pricom
pomocou imunofluorescen¢nej detekcie tyrozin hydroxylazy,
limitujiceho enzymu v syntéze noradrenalinu sa ukazalo, ze
sympatikové vlakna mozu zasahovat aj do vzdialenejsieho
PVTT. Dokazy o priamom nervovom zasobeni PVTT st
pomerne sporadické a nejasné, kedze to do zna¢nej miery
zavisi od typu cievy a jej celkovej inervacie, napriek tomu je
véak opodstatnené uvazovat o funk¢nej asocidcii PVTT s ciev-
nym sympatikovym nervovym systémom. Na tejto Grovni sa
predpokladaji rozsiahle vzdjomné interakcie, ktoré zahrnaju
stimuldciu alebo inhibiciu uvolfiovania adipokinov a inych latok
prostrednictvom aktivacie neurotransmiterovych receptorov
na adipocytoch, ako aj regulaciu samotnej nervovej aktivity
adipokinmi (18, 19). Tieto procesy modzu tiez vyznamnym
sposobom prispievat k zmenam cievneho tonusu, a to najma
v patologickych situaciach, kedy je narusena rovnovaha vo funk-
cii jednotlivych uvedenych $truktir a receptorovych systémov.

Cielom prace bolo charakterizovat a porovnat vazore-
gula¢né cinky PVTT vo velkych artéridch potkana, najma
jeho modula¢ny vplyv na prejavy sympatikovej aktivity na
urovni cievnej kontrakcie. Uvedené charakteristiky PVTT
sa skamali pri réznych drovniach krvného tlaku - u troch
pribuznych genotypov potkanov vyznacujicich sa odlisnou
predispoziciou k hypertenzii: u normotenznych a spontanne
hypertenznych potkanov a u ich krizencov - hrani¢ne hyper-
tenznych potkanov.

Metoda

V experimente sa pouzili dospelé samce potkana labo-
ratérneho normotenzného kmena Wistar-Kyoto (WKY; 8
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subsequently to the development of cardiovascular disorders
(8, 11, 12).

On the other hand, the reduction in body fat may also be
associated with the decreased anticontractile capacity of PVAT.
For example, in spontaneously hypertensive rats (SHR), the
most often used animal model of human essential hypertension,
a significant reduction in the mass of visceral fat and also in
the whole body adiposity was found, which was related to the
weaker anticontractile influence of PVAT on the vessel system
in this hypertensive rat strain. Besides the quantitative changes,
many alterations in qualitative properties are manifestied in
PVAT from SHR arteries; e.g., it contains their amount of brown
adipocytes and increased sympathetic innervation (13, 14).

The enhanced activity of the sympathetic nervous system
is typical of SHR and is evident in early phases of their on-
togenesis. In developing SHR, the elevated concentration of
nerve growth factor in the vascular wall was detected (15)
and the increased density of sympathetic innervation in the
cardiovascular system was confirmed (16), which was soon
shown by hyperkinetic circulation in these rats (17). The
vascular sympathetic nerve fibres are predominantly localized
within the adventitia, or in the adventitio-medial junction;
however, the immunofluorescence methods for detection of
tyrosine hydroxylase, the rate-limiting enzyme of noradrena-
line synthesis, showed that the sympathetic nerves might
also reach more peripheral structures including PVAT. The
evidences of the direct sympathetic neural supply of PVAT are
quite rare and sporadic, as this is substantially dependent on
the vessel type and its total innervation. In spite of that, it is
necessary to take in consideration the functional association
of PVAT with the vascular sympathetic nervous system. Many
important reciprocal interactions are expected there, including
stimulation and inhibition of adipokine release by activation
of the adipocyte receptors for neurotransmitters, as well as
the regulation of sympathetic nervous activity by PVAT-
derived substances (18, 19). These processes may contribute
importantly to the changes in arterial tone, particularly in
the pathological conditions when the balance in the function
of these structures and of the receptor systems is disrupted.

The aim of this study was to characterize and compare the
vasoregulatory effects of PVAT in rat conduit arteries, particu-
larly the modulatory impact of PVAT on the sympathetic nerve
activity at the level of vascular contraction. The characteristics
of PVAT were studied at various blood pressure levels — in three
related rat genotypes with different predisposition to hyperten-
sion: normotensive and spontaneously hypertensive rats, and
their crossbreeds — borderline hypertensive rats.

Methods

The experiments were performed on adult male labo-
ratory rats of normotensive strain Wistar-Kyoto (WKY;



jedincov), kmena so spontdnnym/geneticky podmienenym
typom hypertenzie (SHR, Spontaneously Hypertensive Rats; 9
jedincov) a hrani¢ne hypertenzné potkany (BHR, Borderline
Hypertensive Rats; 8 jedincov), ktoré sa ziskali ako 1. generacia
krizenia SHR samice a WKY samca. Vsetky potkany pocha-
dzali zo schvéleného chovného zariadenia Ustavu normélnej
a patologickej fyzioldgie SAV; boli chované pri standardnych
podmienkach, pri teplote 22 — 24 °C s 12-hodinovym svetel-
nym rezimom (12 hodin svetlo : 12 hodin tma). Mali volny
pristup k pitnej vode a $tandardnej granulovanej potrave.
Experiment schvalila Statna veterinarna a potravinova sprava
Slovenskej republiky.

Potkany pouzité v experimente mali vek 12 tyzdnov.
Systolicky krvny tlak sa potkanom meral neinvazivnou ple-
tyzmografickou metédou na chvostovej artérii v bdelom stave.
Priblizne 12 hodin pred samotnym experimentom bol kazdy
jedinec izolovany od skupiny a bol mu zamedzeny pristup
k potrave, aby bol v den experimentu nala¢no. V den pokusu
bol odvézeny a nasledne dekapitovany v anestéze CO,. Bola
mu stanovena hmotnost lavej komory srdca a retroperitone-
alneho tuku a bola odobrata krv na stanovenie plazmatickej
koncentracie glukézy a triglyceridov. Po otvoreni brusnej
dutiny potkana mu boli vypreparované cievy - arteria me-
senterica superior a aorta abdominalis, z ktorych sa pripravili
dva prstencové preparaty $iroké 2 — 3 mm, jeden so zacho-
vanym a jeden s odstranenym PVTT. Tieto sa umiestnili do
organovych vaniciek s termostatickym plastom, naplnenych
modifikovanym Krebsovym roztokom s tymto zloZenim
(v mmol/l): NaCl 118; KCI 5; NaHCO, 25; MgSO,.7H,0 1,2;
KH,PO, 1,2; CaCl,.2H,0 2,5; glukéza 11; CaNa,EDTA 0,03.
Teplota roztoku sa udrziavala na 37 °C a kyslik sa dodaval
vo forme plynnej zmesi 95 % O, a 5 % CO,. Preparaty boli
pripojené na induk¢ny snimac tenzie Sanborn FT10 (San-
born, Baltimore, USA) na meranie izometrickych kontrakeii.
Pri pasivhom vychodiskovom predpdti 1 g (10 mN) boli
stabilizované 60 mindt a vymena pracovného roztoku sa
uskutocnovala kazdych 15 - 20 minut.

Po ustaleni cievneho tonusu pri danom predpiti bola vy-
voldvana transmurélna elektricka stimulacia (TES) pomocou
elektrostimulatora ST 3 (Medicor, Budapest, Madarsko), ktory
je zdrojom pravouhlych unipoldrnych impulzov s parametrami
nastavenymi pre selektivnu stimuldciu perivaskularnych ner-
vov: $irka impulzu 0,5 ms; amplituda > 30 V (supramaximaélna
voltdz); frekvencia impulzov 4 Hz; dlzka stimuldcie 20 s.
Elektrické impulzy boli vedené na platinové elektrody, ktoré
su sucastou drziaka a si umiestnené po stranich cievneho
preparatu bez moznosti priameho kontaktu s nim.

Transmurélna elektricka stimulacia vyvolévala neurogénne
kontrakcie cievnych preparatov, ktoré boli sposobené tcin-
kom endogénneho noradrenalinu uvolneného z excitovanych
nervovych zakonceni v stene cievy. Neurogénne kontrakcie
boli vyblokovatelné guanetidinom alebo fentolaminom, ¢o
potvrdzuje ich adrenergicky pdvod.
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n=8), spontaneously hypertensive rats (SHR; n=9), and
borderline hypertensive rats (BHR; n=8) obtained by the
cross-breeding SHR females with WKY males. All rats
were housed at a temperature of 22 — 24 °C on a 12:12-h
dark-light cycle (06.00 — 18.00 h lights on) and maintained
on standard laboratory rat chow and tap water ad libitum.
The animal protocols were performed in accordance with
the Guide for the Care and Use of Laboratory Animals
published by the National Institutes of Health, and they
were approved by the Animal Health and Welfare Divi-
sion of the State Veterinary and Food Administration of
the Slovak Republic.

The rats used in experiments were aged 12 weeks. Sys-
tolic blood pressure was measured in conscious animals
by the non-invasive tail-cuff method. Food was withdrawn
12 hours before the experiment. Rats were sacrificed under
CO, anesthesia; their body weights, relative left heart ventricle
weights (as left heart ventricle weight to tibia length ratio)
and retroperitoneal fat weights were determined and samples
of their blood were collected and used for measurement of
plasma glucose and triglyceride concentration.

The selected conduit arteries (superior mesenteric artery,
abdominal aorta) were removed and prepared for isometric
tension recording. Paired endothelium-intact rings (2.8 -
3.2 mm in width) - one with PVAT preserved and other
with PVAT removed - were prepared from each artery
and connected to a force-displacement transducer FT 10
(Sanborn, Baltimore, USA) for the recording of isometric
tension. The arterial rings were suspended in 20 ml organ
baths with oxygenated modified Krebs solution (95% O,
+ 5% CO,) maintained at 37 °C. The Krebs solution had
the following composition (in mmol/l): NaCl 118, KCI 5,
CaCl, 2.5, MgSO, 1.2, NaHCO, 25, KH,PO, 1.2, glucose
11, CaNa,.EDTA 0.03. The preparations were equilibrated
under a resting tension of 10 mN for 60 - 90 min, and the
solution was changed every 15 - 20 min.

After stabilization of arterial tone, transmural electrical
stimulation (TES) was applied to evoke neurogenic con-
tractions, which are induced by endogenous noradrenaline
released from the excited sympathetic nerve endings in the
vascular wall. For this procedure, an ST 3 electrostimula-
tor (Medicor, Budapest, Hungary) was used as a source
of square pulses with selective parameters for neural
excitation: pulse duration 0.5 ms, supramaximal voltage
> 30V, frequency 4 Hz, total period 20 s. The neurogenic
contractions were blocked by phentolamine or tetrodotoxin,
indicating that they were induced mainly by nerve-released
noradrenaline.

Exogenous noradrenaline was applied to arterial prepara-
tions in the concentration 10 mol/l

Arterial isometric responses were expressed in mN and
they were normalized to the length of the respective ring
preparations. The results are presented as mean+SEM. Sta-
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Exogénny noradrenalin bol na cievne preparaty aplikovany
vo vyslednej koncentracii 10 mol/lL.

Zmeny tenzie cievneho preparitu boli vyjadrované
v absolutnych jednotkach ako rozsah vyvinutej tenzie v mN
v prepocte na dizku daného prstenca. Takto ziskané vysledky
boli vyjadrené ako priemer so strednou chybou (priemer +
SEM) a $tatisticky vyhodnotené pomocou one-way ANOVA
testu. Za vyznamné sa povazovali rozdiely, pre ktoré hodnoty
P boli mensie ako 0,05.

Vysledky

V tabulke 1 su uvedené niektoré kardiovaskularne
a metabolické charakteristiky jednotlivych experimental-
nych skupin potkanov. V 12. tyzdni Zivota SHR vykazuju
vyznamne zvy$ené hodnoty systolického tlaku krvi, srdcovej
frekvencie a relativnej hmotnosti lavej komory srdca v po-
rovnani s WKY potkanmi. Naopak, telesnd hmotnost, mnoz-
stvo retroperitonealneho tuku a plazmaticka koncentracia
triglyceridov su u SHR nizdie ako u WKY. Ich krizence,
BHR, majti hodnoty tlaku krvi medzi hodnotami u WKY
a SHR, pricom sa vyznamne odli$uju od oboch skupin.
Srdcové frekvencia je u BHR vyznamne vy$$ia v porov-
nani s WKY a neodliuje sa od SHR. Hodnoty relativnej
hmotnosti srdca si u BHR na trovni WKY potkanov a su
vyznamne odli$né od SHR. TaktieZ telesna hmotnost, hmot-
nost retroperitonedlneho tuku a plazmatickd koncentricia
triglyceridov sa neodli$uji medzi WKY a BHR, obidve
tieto skupiny sa vsak v uvedenych parametroch vyznamne
odlisuji od SHR.

tistical evaluation was carried out by using one-way analysis
of variance (ANOVA). The results were considered to be
significant when p < 0.05.

Results

Selected cardiovascular and metabolic parameters in
normotensive Wistar-Kyoto rats, borderline hypertensive
rats, and spontaneously hypertensive rats are presented in
table 1. At the 12" week of age, SHR have significantly
increased systolic blood pressure, heart rate, and relative
heart left ventricle weight when compared to WKY rats.
On the contrary, values of body weight, retroperitoneal fat
mass, and plasma triglyceride concentration were smaller
in SHR comparing to WKY. Their crossbreeds, BHR, had
significantly different values of blood pressure, ranging be-
tween those of WKY and SHR. The heart rate was higher
in BHR than in WKY but it did not differ from the values
in SHR. The left heart ventricle weight-to-tibia length ratio
in BHR was at the level of WKY rats and they both have
significantly smaller values of this parameter from those in
SHR. Similarly, body weight, retroperitoneal fat mass, and
plasma triglyceride concentration values were not different
between WKY and BHR and these two groups differed from
SHR in the mentioned parameters.

Plasma glucose concentration was not different between
the particular experimental groups.

The contractile responses to exogenous noradrenaline
(10 mol/l) in isolated mesenteric arteries with preserved
PVAT were significantly higher in SHR (2.11 + 0.15 mN/mm)

Tabulkal Vybrané kardiovaskularne a metabolické parametre u normotenznych Wistar-Kyoto (WKY) potkanov, hrani¢ne hypertenznych

potkanov (BHR) a spontanne hypertenznych potkanov (SHR)

Table1 Selected cardiovascular and metabolic parameters in normotensive Wistar-Kyoto (WKY) rats, borderline hypertensive rats (BHR) and spontaneously hypertensive rats (SHR)

WKY BHR SHR
Systolicky tlak krvi 114,1+ 1,8 1259+23 b 161,7 £ 5,1 i
(Systolic blood pressure) (mmHg) +++
Srdcova frekvencia 340,8 + 9,8 426,44 + 12,9 ok 454,3 + 13,6 b
(Heart rate) (bpm)
Telesna hmotnost 291,7 £3,3 294,1 £6,3 254,6 + 5,7 o
(Body weight) (g) T+
Hmotnost favej komory srdca/dizka tibie 209403 199+0,3 23,0+ 0,7 *
(Heart-left ventricle weight/Tibia length) (mg/mm) ++
Hmotnost retroperitonealneho tuku 21509 +127,5 2163,3 +131,1 1452,5 + 69,0 ot
(Retroperitoneal fat weight) (mg) .
Glukoza 6,9+0,3 6,8 £0,2 6,2+0,3
[(Glucose (plasma)] (mmol/1)
Triglyceridy 0,80 + 0,04 0,80 + 0,07 0,62 + 0,02 b
[(Triglycerides (plasma)] (mmol/1) +

Vysledky su vyjadrené ako priemer + SEM; n = 8 - 9; *p < 0,05; **p < 0,01; ***p< 0,001 vs. WKY; +p < 0,05; ++ p< 0,01; +++p < 0,001 vs. SHR (Values represent mea-
n+SEM; n=8-9; *p < 0.05; **p < 0.01; ***p < 0.001 vs. WKY; +p < 0.05; ++p < 0.01; +++p < 0.001 vs. SHR).
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Koncentracia glukozy v plazme nebola signifikantne od-
lisnd medzi experimentalnymi skupinami.

Kontraktilné odpovede izolovanej mezenterickej artérie
na exogénny noradrenalin (10 mol/l) boli pri zachovanom
PVTT vyznamne vys$s$ie u SHR (2,11 £ 0,15 mN/mm)
v porovnani s BHR (1,47 + 0,18 mN/mm) a WKY (1,48
+ 0,15 mN/mm) (P < 0,05); na preparatoch bez PVTT sa
neprejavil rozdiel vo velkosti noradrenalinovej kontrakcie
medzi jednotlivymi skupinami potkanov. V pritomnosti in-
taktného PVTT sa pozorovala mensia kontraktilna odpoved
na noradrenalin u vSetkych troch experimentalnych skupin,
pricom tento efekt bol menej vyrazny u SHR (obrazok 1).

V pripade bru$nej aorty neboli vyznamné rozdiely vo
velkosti kontrakcie na exogénny noradrenalin medzi jednot-
livymi experimentalnymi skupinami, ani medzi preparatmi
s intaktnym a odstranenym PVTT (obrazok 1).

Neurogénne kontrakcie v odpovedi na TES (4 Hz) boli
u preparatov mezenterickej artérie so zachovanym PVTT
vyznamne mensie u WKY (0,92 + 0,07 mN/mm) v porovnani
s SHR (1,48 + 0,09 mN/mm) (P < 0,05), tento rozdiel sa v§ak
nezistil na preparatoch bez PVTT. V pripade mezenterickych
artérii z BHR sa velkost neurogénnych kontrakcii vyznamne
neodliSovala od ostatnych dvoch skupin, a to ani na prepa-
ratoch s PVTT, ani pri odstranenom PVTT. V pritomnosti
intaktného PVTT neurogénne kontrakcie mezenterickej
artérie boli signifikantne mensie u WKY potkanov, nie v§ak
u SHR a BHR (obrazok 2).

Neurogénne kontrakcie izolovanej brusnej aorty so za-
chovanym PVTT sa medzi jednotlivymi skupinami potkanov

Mezentericka artéria
45- NA : 10° mol/l

WKY BHR SHR

*k* *ekk
3,0

Kontrakcia (mN/mm)

0,0- ]
PVTT+ PVTT-

PVTT+ PVTT- PVTT+ PVTT-
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when compared to BHR (1.47 + 0.18 mN/mm) and WKY
(1.48 £ 0.15 mN/mm) (p < 0.05); on preparations without
PVAT the differences in noradrenaline contractions were not
detected between the particular rat groups. In the presence
of intact PVAT, smaller mesenteric arterial contractile re-
sponses to noradrenaline were observed in all groups, when
compared to the respective preparations without PVAT. The
inhibitory effect of PVAT on noradrenaline contraction was
less considerable in SHR (Figure 1).

In abdominal aorta, the differences in contractile responses
to exogenous noradrenaline were not detected between the
preparations with PVAT intact and PVAT removed, as well
as between the particular experimental rat groups (Figure 1).

The neurogenic contractions in response to TES (4 Hz)
in mesenteric arterial preparations with intact PVAT were
significantly smaller in WKY (0.92 £+ 0.07 mN/mm) when
compared to those in SHR (1.48 + 0.09 mN/mm) (p < 0.05);
however, the differences were not observed in preparations
with PVAT removed. Neurogenic contractile responses of
mesenteric arteries from BHR did not differ from those
in WKY and SHR, in conditions of PVAT intact, as well
as PVAT removed. In WKY, in the presence of PVAT, the
neurogenic contractions of mesenteric arteries were signifi-
cantly decreased when compared to preparations without
PVAT; however, this effect was not observed in SHR and
BHR (Figure 2).

The neurogenic contractions of isolated abdominal
aorta with preserved PVAT were not significantly different
between the rat groups; however, in PVAT-denuded aortas,

Brusna aorta

45 NA : 10° mol/l
WKY BHR SHR
€
g 3,0
Z.
E
© :
g |
©
= 1,54 3
c
(]
AV 3
0,0-

PVTT+ PVTT-

PVTT+ PVTT-

PVTT+ PVTT-

Obrazok 1 Kontraktilné odpovede indukované exogénnym noradrenalinom (NA; 10 mol/l) v mezenterickych artériach a brusnych
aortich s intaktnym (+) a odstranenym (-) perivaskulirnym tukovym tkanivom (PVTT) u normotenznych Wistar-Kyoto (WKY)
potkanov, hrani¢ne hypertenznych potkanov (BHR) a spontianne hypertenznych potkanov (SHR). Vysledky su vyjadrené ako priemer
+SEM; n=8-9. * P <0,05; *** P < 0,001 vs. PVTT+ v prislusnej skupine.

Figure 1 Contractile responses induced by exogenous noradrenaline (NA; 10° mol/l) in mesenteric arteries and abdominal aortas with intact (+) and removed (-) perivascular
adipose tissue (PVTT) in normotensive Wistar-Kyoto (WKY) rats, borderline hypertensive rats (BHR) and spontaneously hypertensive rats (SHR). Values represent mean +

SEM, n=8-9. * P<0.05, *** P<0.001 vs. PVTT+ in the respective group.
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Obrazok 2 Neurogénne kontrakcie vyvolané transmuralnou elektrickou stimuliciou (TES; 4 Hz) v mezenterickych artériach
a brusnych aortach s intaktnym (+) a odstranenym (-) perivaskularnym tukovym tkanivom (PVTT) u normotenznych Wistar-Kyoto
(WKY) potkanov, hrani¢ne hypertenznych potkanov (BHR) a spontinne hypertenznych potkanov (SHR). VysledKky su vyjadrené
ako priemer £ SEM; n =8 — 9. * P < 0,05; *** P < 0,001 vs. PVTT+ v prislusnej skupine.

Figure 2 Neurogenic contractile responses induced by transmural electrical stimulation (TES; 4 Hz) in mesenteric arteries and abdominal aortas with intact (+) and removed
(=) perivascular adipose tissue (PVTT) in normotensive Wistar-Kyoto (WKY) rats, borderline hypertensive rats (BHR) and spontaneously hypertensive rats (SHR). Values

represent mean + SEM, n=8-9. * P<0.05, *** P<0.001 vs. PVTT+ in the respective group.

vyznamne neodliSovali, na preparatoch s odstranenym PVTT
boli v$ak signifikantne mensie u WKY (0,47 + 0,09 mN/
mm) a BHR (0,44 + 0,13 mN/mm) v porovnani s SHR
(1,75 £ 0,17 mN/mm) (P < 0,001). Preparaty brusnej aorty
s odstranenym PVTT vykazovali pri porovnani s preparatmi
s intaktnym PVTT signifikantne mensie neurogénne kon-
trakcie u WKY a u BHR, tento rozdiel sa v§ak nepozoroval
u SHR (obrazok 2).

Diskusia

Perivaskularny tuk sa iba v neddvnom obdobi zacal
povazovat za dolezity faktor, ktory v interakcii s ostatnymi
regula¢nymi systémami vyznamne ovplyviiuje fyziologické
i patofyziologické procesy v cievnej stene. Viaceré prace
ukdzali, Ze vo vddcSine artérii prevazuje antikontraktilny hy-
perpolarizujuci vplyv PVTT, ¢o potvrdzuju aj prezentované
vysledky tejto prace z merani kontraktilnych odpovedi na
noradrenalin na izolovanej mezenterickej artérii v pritomnosti
a po odstraneni PVTT. Tento inhibi¢ny uc¢inok PVTT na
noradrenalinova kontrakciu bol pritomny u normotenznych,
ako aj u hypertenznych potkanov, pricom sa ukazalo, ze je
menej vyrazny u SHR, ¢o je v sulade s pozorovaniami inych
autorov dokazujucich oslabeny antikontraktilny vplyv PVTT
pri artériagch z SHR (13, 20). Prezentované vysledky tiez
ukazuju, Ze v pritomnosti PVTT st kontrakcie mezenterickej
artérie na noradrenalin vyznamne véic¢sie u SHR v porovnani
s normotenznymi WKY potkanmi, kym po odstraneni PVTT
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these contractions were significantly smaller in WKY (0.47 +
0.09 mN/mm) and BHR (0.44 + 0.13 mN/mm) compared to
SHR (1.75 £ 0.17 mN/mm) (p < 0.001). The preparations of
abdominal aorta with removed PVAT, compared to those with
preserved PVAT, exhibited significantly smaller neurogenic
contractions in WKY and in BHR; in SHR, the magnitude
of neurogenic contractions was not significantly influenced
by PVAT (Figure 2).

Discussion

Perivascular fat has only recently begun to be considered
as an important factor which, in interaction with other regu-
latory systems, significantly influences many physiological
and pathophysiological processes in the vascular wall. Many
studies have shown that in most of arteries the main effect
of PVAT manifests as an inhibition of contractile responses
by hyperpolarisation, which is also confirmed by the results
of this study presenting the measurements of noradrenaline
contractions in isolated mesenteric arteries with PVAT intact
or removed. Such inhibitory effect of PVAT on noradrena-
line responses was found in normotensive as well as in
hypertensive rats; however, it was less considerable in SHR,
which is in agreement with the observations of other authors
who demonstrated the weakened anticontractile influence of
PVAT in arteries from SHR (13, 20). The presented results
also demonstrate that in the presence of intact PVAT the
contractile responses of mesenteric arteries to noradrenaline



sa rozdiel vo velkosti kontrakcie medzi SHR a WKY nepozo-
ruje. To naznacuje, Ze u SHR by zmenené vlastnosti PVTT
spolu s endotelovou dysfunkciou (21) a dal$imi faktormi
mohli vyznamne prispievat k zvySenej senzitivite artérii na
adrenergické stimuly.

SHR je kmen potkanov s geneticky podmienenou
hypertenziou, charakterizovany obvykle nizsou telesnou
hmotnostou a adekvatne niz§im obsahom telesného tuku
v porovnani s povodnym normotenznym kmenom WKY,
ako ukazuju i vyssie prezentované vysledky. Galvez et al.
(13) zistili, Ze hmotnost mezentéria a jeho celkovy lipido-
vy obsah je u SHR niz§i. MoZno predpokladat, Ze znizené
mnozstvo PVTT u SHR ma za nasledok mensiu kvantitu
antikontraktilne pdsobiacich latok produkovanych a uvol-
novanych z PVTT. Viac nez kvantitativne rozdiely st vSak
zretelné kvalitativne rozdiely v PVTT medzi SHR a WKY.
Lee et al. (22) zistili, Ze uvolnovanie relaxaéne pdsobiacej
latky - metylesteru kyseliny palmitovej - je zniZzené, kym
produkcia angiotenzinu II je zvy$ena v PVTT z artérii po-
chadzajucich z SHR v porovnani s WKY. Nalezy Lu et al.
(14) ukazuju, ze PVTT hrudnej aorty u SHR ma podobnu
velkost plochy na prie¢cnom priereze, obsahuje vsak vyssiu
denzitu a celkové mnozstvo hnedych adipocytov v porovna-
ni s WKY, ¢o naznacuje zniZzenu sekre¢nu kapacitu PVTT
u SHR. Okrem zniZenej produkcie relaxa¢nych faktorov
tiez zvySend sympatikovd inervacia PVTT (23) a deficient-
nd funkcia membranovych K* kanalov zodpovednych za
hyperpolarizaciu cievnych hladkosvalovych buniek (20, 24)
mozu Ciastocne prispievat k slabsiemu antikontraktilnému
efektu PVTT u SHR.

Pri neurogénnych kontrakciach, vyvolanych endogénnym
noradrenalinom uvolnenym z perivaskuldrnych sympatiko-
vych nervov pocas ich elektrickej stimulacie, sa antikontrak-
tilny vplyv PVTT signifikantne prejavil iba u normotenznych
WKY potkanov, nie v§ak u hypertenznych skupin. Podobne
ako pri exogénnom noradrenaline, ukdzalo sa, ze v pritom-
nosti PVTT su neurogénne kontrakcie mezenterickej artérie
vyznamne vic$ie u SHR v porovnani s WKY potkanmi,
kym na preparatoch s odstranenym PVTT sa tento rozdiel
nezistil. To opét potvrdzuje zniZenu antikontraktilnu kapacitu
PVTT u SHR.

U BHR, ktoré predstavujui prva generaciu krizenia SHR
a WKY, je v porovnani s normotenznymi jedincami mierne
zvy$eny krvny tlak i srdcova frekvencia, kym telesnou hmot-
nostou a mnozstvom retroperitonealneho tuku a plazmatic-
kych triglyceridov su blizsie k WKY a vyznamne sa odlisuju
od SHR. Z prezentovanych vysledkov je vidiet, ze u BHR tiez
velkost adrenergickych kontrakcii na preparatoch mezente-
rickej artérie s intaktnym PVTT zodpoveda viac hodnotdm
normotenznych WKY potkanov nez SHR, hoci inhibi¢ny vplyv
PVTT pri neurogénnych kontrakcidch nebol u BHR S$tatisticky
vyznamny. Z tychto zisteni vyplyva, Ze v 12. tyzdni zivota,
v porovnani s WKY st u BHR tlak krvi a srdcova frekvencia

Zemancikova A, et al. Vplyv perivaskularneho...

were significantly higher in SHR when compared to those in
normotensive WKY rats, while in preparations without PVAT
the difference in contractions between SHR and WKY was
not detected. This indicates that in SHR, the altered proper-
ties of PVAT, together with endothelial dysfunction (21) and
other factors, could importantly contribute to the increased
sensitivity of their arteries to adrenergic stimuli.

SHR represent a strain of rats with genetically determined
hypertension, frequently having smaller body weight and cor-
respondingly lesser content of body fat in comparison to the
original normotensive strain WKY, as is documented also by
the results presented above. Galvez et al. (13) found that the
weight of the mesentery and its total lipid content is decreased
in SHR. One can suppose that the reduced amount of PVAT
in SHR causes correspondingly smaller production and release
of PVAT-derived anticontractile substances. However, more
than the differences in quantity, the qualitative alterations are
evident in PVAT from SHR arteries. Lee et al. (22) detected
the reduced release of a relaxant substance — methyl palmi-
tate, while the production of angiotensin II was increased
in PVAT from SHR, when compared to WKY. The findings
of Lu et al. (14) showed that PVAT in thoracic aortas from
SHR has a similar cross sectional area but contains a higher
density and amount of brown adipocytes when compared to
WKY, which indicates its reduced secretory capacity. Besides
the restricted production of relaxant substances in PVAT, it
can be supposed that the increased sympathetic innervation
(23) and the deficient function of the membrane potassium
channels, responsible for the hyperpolarisation of vascular
smooth muscle cells (20, 24), could also contribute to the
weaker anticontractile effect of PVAT in SHR.

When considering the neurogenic contractions induced
by endogenous noradrenaline released from perivascular
sympathetic nerves during TES, the anticontractile effect
of PVAT was detected to be significant only in mesenteric
arteries from WKY rats but not in the two hypertensive rat
groups. Similarly to the responses to exogenous noradrenaline,
the neurogenic contractions of mesenteric arterial rings with
intact PVAT were significantly higher in SHR when compared
to WKY rats, while in the preparations without PVAT this
difference was not observed. This again confirms the reduced
anticontractile capacity of PVAT in SHR.

In BHR, which represent the first generation of cross-
breeding SHR with WKY, the blood pressure and heart rate
were moderately increased in comparison with normotensive
rats; however, the values of their body weight, retroperito-
neal fat weight, and plasma triglyceride concentration were
closer to WKY, and differed significantly from SHR. The
presented results also showed that in BHR the adrenergic
contractions in mesenteric arterial preparations with intact
PVAT corresponded more to those in WKY than to those in
SHR, although the inhibitory effect of PVAT on neurogenic
contractions in BHR mesenteric arteries was not statistically
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mierne, ale signifikantne zvy$ené; tieto patologické odchylky sa
v8ak u nich este neprejavujui zvySenymi hodnotami relativnej
hmotnosti srdca a adrenergickych kontrakcii mezenterickej
artérie s intaktnym PVTT, ako je to u SHR. V 20. tyZdni veku
v8ak uz BHR pri porovnani s WKY uz vykazuju signifikantne
vacsie adrenergické kontrakcie artérii ako aj hypertrofiu srdca,
hoci velkost ich tlaku krvi nedosahuje také vysoké hodnoty,
aké su u SHR (25).

Z vyssie uvedeného vyplyva, Ze na mezenterickej artérii
u zdravych normotenznych WKY PVTT spdsobuje vyznam-
né zmensenie kontrakcii v odpovedi na exogénny, ako aj na
endogénny noradrenalin uvolneny pri TES. Preto mozno
predpokladat, Ze tato inhibicia sa uskuto¢nuje prevazne na
postsynaptickej urovni - znizenim citlivosti cievnej hladkej
svaloviny na konstriktorické stimuly. Na rozdiel od toho
v pripade bru$nej aorty sa nepozoroval inhibi¢ny efekt
PVTT na kontrakcie v odpovedi na exogénny noradrena-
lin; v pripade neurogénnych kontrakcii boli tieto dokonca
vyznamne védcé$ie na aortalnych prstencoch so zachovanym
PVTT v porovnani s preparatmi bez PVTT. Prezentované
vysledky naznacuju, Ze pritomnost PVTT pri brusnej aorte
nesposobuje zmensenie kontrakcie na samotny noradrenalin,
ale zrejme interferuje s uvolnnovanim noradrenalinu z en-
dogénnych zdrojov v cievnej stene. Mozno predpokladat,
ze v PVTT st produkované latky, napriklad angiotenzin II
alebo superoxid, ktoré ovplyviuji sympatikovi neurotrans-
misiu a modzu zvySovat velkost neurogénnych kontrakcii
(26, 27). Inym moznym vysvetlenim by mohlo byt to, Ze
perivaskularny tuk abdomindlnej aorty je zdrojom endogén-
neho noradrenalinu, ktory tak participuje na neurogénnej
kontrakcii v odpovedi na TES. Tato ¢ast noradrenalinovych
zdrojov bola eliminovand pri odstrdneni PVTT z povrchu
aorty, a jej absencia sa prejavila mensimi kontrakciami
na TES v porovnani s prepardtmi so zachovanym PVTT.
Vargovic et al. (28) vo svojej praci ukazali, Ze i samotné
adipocyty mdzu produkovat noradrenalin. Napriek tomu
sa mozno domnievat, ze v prezentovanych vysledkoch sa
pri neurogénnych kontrakciach brusnej aorty v odpovedi
na TES uplatnoval noradrenalin nervového povodu, ako je
naznacené v metodickej ¢asti textu. Priame ddkazy o sym-
patikovej inervacii PVTT su v8ak sporadické, s vynimkou
niektorych prac dokumentujicich inervaciu perivasku-
larneho tuku u mezenterickej artérie potkana (29), vény
sapheny u cloveka (9) a mezenterickych artérii mysi (18).
Naopak, vy$sie uvedené nalezy na mezenterickej artérii
potkana naznacuju, ze PVTT tejto artérie neobsahuje vy-
znamné mnozstvo endogénneho noradrenalinu nervového
povodu a Ze vicsina adrenergickych nervov je lokalizovana
v ramci povrchovych vrstiev samotnej cievnej steny, kedze
v pritomnosti PVTT st neurogénne kontrakcie zmensené.
Takéto pozorovanie mozno vysvetlit tiezZ zvySenou produk-
ciu relaxa¢nych faktorov v PVTT, ktorych antikontraktilny
efekt u normotenznych WKY zna¢ne prevy$uje mozny
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significant. From these findings it is evident that in the 12®
week of life, the values of blood pressure and heart rate
are moderately, but significantly, increased in BHR when
compared to the age-matched WKY rats; such alterations in
BHR, however, were not reflected in the higher relative left
heart weight and in the increase of adrenergic contractions
of mesenteric arteries with intact PVAT, as was observed in
SHR. On the contrary, in the 20" week of life, the increase
in arterial adrenergic contractions, as well as the left heart
hypertrophy, was already observed in BHR, although the level
of their blood pressure did not reach the values in SHR (25).

From the above-mentioned it is obvious that in mesenteric
arteries from normotensive WKY rats, PVAT causes significant
reduction in contractile responses to exogenous as well as to
endogenous noradrenaline released from electrically excited
perivascular sympathetic nerves. Therefore, it might be sup-
posed that this inhibition occurs mostly at the postsynaptic
level — by the decrease in sensitivity of vascular smooth
muscle to constrictor stimuli.

On the contrary, in abdominal aorta, the inhibitory effect
of PVAT on contractile responses to exogenous noradrenaline
was not observed in this study; moreover, the neurogenic
contractions were even higher in aortal rings with intact PVAT
comparing to those with PVAT removed. These results indicate
that the presence of PVAT in abdominal aorta does not cause
the decrease in contractions to noradrenaline itself, and that
it possibly interferes with the release of noradrenaline from
endogenous sources in the arterial wall. One can suppose that
some substances like angiotensin II or superoxide, which are
known to be produced in PVAT (26, 27), can influence the
sympathetic neurotransmission and increase the neurogenic
contractions in the abdominal aorta, as was observed in the
present study. Other possible explanation might be that in
this artery, PVAT itself is a source of endogenous noradrena-
line which can participate in the neurogenic contractions in
response to TES. This part of the noradrenaline source was
eliminated after PVAT removal from the surface of aortal
preparations, and this manifested itself by smaller contractile
responses to TES compared to preparations with intact PVAT.
Vargovic et al. (28) found in their study that the adipocytes
can also produce noradrenaline. In spite of that, when
considering the presented results, it may be assumed that
noradrenaline of neural origin was involved in the observed
contractile responses to TES, as is indicated in Methods.
However, direct evidence of sympathetic innervation of PVAT
is quite rare, with the exception of several studies confirming
the presence of sympathetic nerves in perivascular fat in rat
mesenteric artery (29), human saphenous vein (9), and in the
mesenteric arteries of mice (18). By contrast, the findings of
this study indicate that PVAT in the rat mesenteric artery
does not contain significant amount of neutrally-originated
endogenous noradrenaline, and that the sympatho-adrenergic
nerves are predominantly localized within the outer layers of



prispevok sympatikovych nervov v PVTT k neurogénnej
kontrakcii (23).

V pripade abdominélnej aorty sa vSak tvorba a uvoltio-
vanie antikontraktilne posobiacich latok z PVTT zdaja byt
menej vyznamné, ako to mozno pozorovat pri kontrakecii
na exogénny noradrenalin, ktorej velkost nebola ovplyvnena
pritomnostou PVTT; vplyv adrenergickej inervacie pritomnej
v PVTT sa tu vSak zda byt podstatnejsi. Brown et al. (30)
priniesli pozorovania, ze brusna aorta je obklopena PVTT,
ktoré je zmesou bielych a hnedych adipocytov (tzv. bézové
tukové tkanivo), kym PVTT pri mezenterickych artériach
obsahuje iba biele adipocyty. Je zname, ze velkost denzity
sympatikovej inervacie pozitivne koreluje s mnozstvom
hnedych adipocytov v tukovom tkanive (31), ¢o je v zhode
s uvedenymi nalezmi a predstavami o rozdielnom pomere
sympatikového nervového zdsobenia medzi PVTT a vlastnou
cievnou stenou mezenterickej artérie a brusnej aorty.

Okrem rozdielnej distribucie sympatikovej inervacie
v ramci arterialnych a periarteridlnych $truktdr tiez pritom-
nost inych typov nervov a neurotransmiterov moze zohravat
vyznamnu ulohu v modula¢nom u¢inku PVTT na noradre-
nergické kontrakcie u roznych artérii. Dubrovska et al. (32)
zistili, Ze v aorte potkana sa senzorické neurotransmitery,
aktivujice vaniloidné, kanabinoidné receptory a receptory
pre CGRP (calcitonin gene-related peptide), nepodielaju
na modula¢cnom posobeni PVTT na kontraktilné odpo-
vede. Naopak, zistilo sa, ze v mezenterickom arteridlnom
rie¢isku funkcia peptidergickych (senzorickych) nervov
ma vyznamnu ulohu a ich aktivdcia spdsobuje inhibiciu
kontrakcii tychto artérii (33). Uvolnovanie CGRP, jedného
zo senzorickych neurotransmiterov, ktory hyperpolarizuje
cievnu svalovinu aktivaciou K* kanalov, sa potvrdilo tiez
v ramci PVTT (34). Aktivacia senzorickych nervov ob-
sahujtcich relaxa¢né neurotransmitery moze tak pri TES
prekryvat vplyv adrenergickych nervov v mezenterickej
artérii a je pravdepodobné, ze do zna¢nej miery prispieva
k antikontraktilnému uc¢inku PVTT.

U BHR a SHR, podobne ako u normotenznych WKY
potkanov, inhibi¢ny vplyv PVTT na kontrakcie brusnej
aorty v odpovedi na exogénny noradrenalin sa nepozoroval.
Naproti tomu, na rozdiel od WKY a BHR, u SHR neboli
v pritomnosti PVTT zvac¢Sené neurogénne kontrakcie tejto
cievy. Ukazuje sa, ze v brusnej aorte u SHR je vdcsina sym-
patikového nervového zasobenia ststredena v ramci vlastnej
cievnej steny, ako je dokumentované vyznamne vac$imi
neurogénnymi kontrakciami preparatov bez PVTT u SHR
v porovnani s WKY a BHR.

Zaver

Na zaver mozno zhrnut, ze prezentované vysledky potvr-
dili antikontraktilné pdsobenie PVTT v mezenterickej artérii
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the proper mesenteric arterial wall. This was documented by
the decreased neurogenic contractions of mesenteric arterial
rings in the presence of PVAT. Such findings could be also
explained by the increased production of relaxant factors in
PVAT, the anticontractile effect of which importantly overlaps
the potential contribution of sympathetic nerves in PVAT to
neurogenic contractions of mesenteric arteries from WKY
rats (23).

In contrast, in the abdominal aorta, the production and
release of anticontractile substances from PVAT seem to be
less important, as the contractile responses to exogenous
noradrenaline were not influenced by the presence of PVAT;
however, the activity of sympathetic nerves could be of greater
importance. Brown et al. (30) made the observations that the
abdominal aorta is surrounded by PVAT with a mixture of
white and brown adipocytes (“beige” adipose tissue), while
PVAT in mesenteric arteries contains only white adipocytes.
It was found that the density of sympathetic innervation in
adipose tissue positively correlates with the amount of brown
adipocytes (31) which is in accordance with the above-
mentioned findings and ideas about the different sympathetic
nerve content in PVAT and in the proper vascular wall in
mesenteric artery and in abdominal aorta.

Besides the different distribution of sympathetic innerva-
tion within arterial and periarterial structures, the presence of
other types of nerves and neurotransmitters could also play
an important role when considering the modulatory effect
of PVAT on noradrenergic contractions in various vessels.
Dubrovska et al. (32) observed that in rat aorta the sensoric
neurotransmitters activating vanilloid receptors, cannabinoid
receptors, and receptors for CGRP (calcitonin gene-related
peptide) do not contribute to the modulatory action of PVAT
on contractile responses. On the other hand, it was found
that in mesenteric arterial bed the function of peptidergic
(sensoric) nerves plays a significant role and their activation
causes inhibition of contractions in these arteries (33). The
release of CGRP, one of the sensoric neurotransmitters, which
hyperpolarises the vascular smooth muscle by activating the
membrane potassium channels, was also confirmed in PVAT
(34). Activation of sensoric nerves containing various relaxant
neurotransmitters could, therefore, overlap the influence of adr-
energic nerves in mesenteric artery, and this may importantly
contribute to the anticontractile effect of PVAT during TES.

In BHR and SHR, as in the normotensive WKY rats, the
inhibitory action of PVAT on contractions of the abdomi-
nal aorta in response to exogenous noradrenaline was not
observed. The presence of intact PVAT did not affect the
neurogenic contractions of SHR aortas, in contrast to WKY
and BHR, where the contractile responses were higher in
aortal preparations with preserved PVAT compared to those
with removed PVAT. It seems that in the abdominal aorta of
SHR, most of the sympathetic nerve supply is concentrated
in the proper vascular wall, as was also documented by the
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u normotenznych WKY potkanov. Tento efekt bol zachovany
v podobnom rozsahu tiez u potkanov s hrani¢nou hyperten-
ziou (BHR), av$ak bol vyznamne mens$i u SHR, ktoré maju
v dospelosti vyrazne zvy$eny krvny tlak. Z vysledkov vyply-
va, ze u SHR sa zmenené vlastnosti PVTT moézu vyznamne
podielat na zvicsenej citlivosti mezenterickych artérii na
konstriktorické stimuly.

Tiez sa zistilo, ze v pripade brusnej aorty samotné
PVTT moze obsahovat sympatikovi inervaciu a moze tak
byt zdrojom endogénneho noradrenalinu, ktorého ucinok
moze vyrazne prekryvat potencidlny vplyv antikontraktilne
posobiacich latok, uvoltiovanych z tohto tkaniva.
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