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2- and 3-dimensional confocal imaging of Fluo-4 loaded ureteric mi-
crovesells in situ allowed us to demonstrate distinct morphology, Ca®" signal-
ling and contractility in myocytes of arcade arterioles and pericytes of arcade
venules. In myocytes and pericytes, Ca’' signals arise exclusively from Ca?"
release from the sarcoplasmic reticulum through inositol 1, 4 5-trisphosphate
receptors. Ca’* transients in pericytes are less oscillatory, slower and longer-
lasting than those in myocytes. The data obtained suggest differences in the
mechanisms controlling local blood flow in precapillary arterioles and posi-
capillary venules.

1. Confocal imaging of microvascular networks in situ

Imaging of microvascular networks in situ is a dream of any vascular
physiologist and has always been technically challenging until recently
when techniques of live imaging of intact microvessels in intact tissue
[1, 2] or tissue slices [3] have been developed. A range of fluorescent, Ca’" -
sensitive dyes along with a chemical strategy allowing them to be easily
introduced into intact cells have been developed [4]. The most successful of
these compounds for confocal imaging were non-ratiometric Ca*" sensitive
indicators fluo-3 and fluo-4. The development of confocal microscopy and
high-speed sensitive CCD-based cameras made possible to visualise local
and global changes in [Ca*"| within individual cells. Confocal microscopy
uses laser excitation of cell fluorescence with a pinholes, which excludes
out-of-focus light. This allows to obtain clear optical sections from much
thicker tissues samples. Seeing live images of the tiniest blood vessels in
the tissue is an absolutely amazing and exciting experience and provides
pnigue opportunity to investigate Ca’* signalling and vasomotor responses
In intact microvessels in their natural environment in an accessible and
stimulating way. The invisible becomes visible, revealing exceptional beauty
of morphology and exciting heterogeneity of Ca?* signalling in cellular and
subcellular levels in myocytes, pericytes and endothelial cells of micro-
vesels. It is well exemplified by comparing morphology and Ca** signalling
of precapillary arcade arterioles and postcapillary arcade venules, which
parallel each other but belong to different parts of microvascular networks.
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Traditionally precapillary arterioles are seen as small res1staqc1:e microves-
sels. involved in control of tissue blood flow, while postcapi lary venuleg

are known to play a key role in control of extravasation of white bloo

cells in response to infection Or inflammation [5]. Close proximity of
these anatomically and physiologically different mlcyovess.els gives a unique
opportunity to compare their morphology, Ca“ signalling and vasomo-
tor responses to central and local vasoconstrictors and vasodilators under

identical experimental conditions, which will be briefly discussed in the
current paper.

2. Morphology of the arcade arterioles and venules

Figure 1 A shows confocal images of fluo-4 loaded arteriole/venule
pair (\, = 488 nM, % = 510 nM), obtained by the method developed
in our laboratory using Nipkow disc based confocal imaging system (For
details see [1, 2]). Figure 1A shows distinct morphology of arterioles and
venules. The wall of the arteriole has a single layer of closely opposed,
circularly orientated myocytes (Fig. 1Ai). Smooth muscle cells are spindle
shaped and depending on the diameter of the arteriole can make up to 2
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full turns around endothelium [2]. The postcapillary arcade venules are
surrounded by spidery pericytes, with stellate cell bodies giving slender cell
projections (Fig. 1Aii). These projections appear to be randomly oriented
with respect to the vessel axis, and overlap and/or attach to each other,
forming a complicated and dense (Fig. 1Aii). The processes interconnect
with each other leaving large gaps between them of different shapes and
sizes (Fig. 1Aii). These live morphological data are in good agreement with
those obtained with scanning electron microscopy [6, 7].

Both arteriolar myocytes and venular pericytes were stained in situ
with fluorescently labelled phalloidin in order to detect a-actin filaments
in the cells. Our data are in agreement with previous observations of Nehls
and Drenckhahn [8]. Both myocytes and pericytes of arcade arterioles and
venules were stained positively for a-actin (Fig. 1Bi, ii), suggesting both
media cells in these microvessels are contractile. The next we characterized
Ca”* signalling in myocytes and pericytes and related it to contraction in
arterioles and venules, respectively.

3. Ca?" responses of arteriolar myocytes and venular
pericytes to caffeine, phenylephrine and endothelin-1

3.1. Effects of caffeine

Ca?* release from the sarcoplasmic reticulum (SR), mediated by ry-
anodine receptors (RyRs) channels, can appear as Ca>" sparks or waves
and was shown to play a key role in control of vascular tone in small re-
sistance arteries [9]. Caffeine is a known activator of Ca’"-induced Ca**
release (CICR) from the SR mediated by RyRs channels. By using caffeine
we aimed to answer the question whether myocytes of arcade arterioles and
pericytes of arcade venules posses functional RyRs. Caffeine (1-2 mM)
induced Ca?" oscillations in arteriolar myocytes, which showed variable
amplitudes and spatial spread but had no effect even in high concentra-
tions (20 mM) on Ca?* signalling in venular pericytes (Fig. 2Aii). These
data demonstrate the presence of functional RyRs channels in myocytes of
arcade arterioles, where they can be involved in control of local and global
Ca?* signalling but not in pericytes of arcade venules.

3.2. Effects of phenyephrine

The venous vessels have been reported to have no sympathetic nerve
supply and show no change in diameter when the sympathetic supply to
the muscle is activated [10].

We have used a non-hydrolysable analogue of noradrenalin, phe-
nylephrine (PE) to investigate responsiveness of arteriolar myocytes and
venular pericytes to topical application of catecholamine. In myocytes of
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Fig. 2. Effects of caffeine, phenylephrine and endothelin-1 on Cg?* responses of
ureteric microvascular network in situ. A: Images of ureteric microvascular netrwork
in situ showing Ca’* responses of myocytes of arcade arteriole (AA) and pericyftes
of arcade venules (AV) to 5 mM caffeine (ii), SuM phenylephrine (PE, iii), and
5 nM endothilin-1 (ET-1, iv). B: Graph showing Ca** transients induced by caffeine
(2mM), PE (5 uM) and ET-1 (5 nM) in myocytes of AA and pericytes of AV. Note
that caffeine and PE produced Ca?* oscillations in myocytes of AA but had no effect
on pericytes of AV. ET-1 induced Ca®* oscillations in myocytes of AA and long lasting

Ca’* transient in pericytes of AV. TV — transverse venules, TA — transverse arterio-
les, PA — precapillary arterioles
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arcade arterioles as we reported before [2] PE (5-10 pM) induced asyn-
chronous Ca*" oscillations, which appeared as propagating Ca* waves
(Fig. 2Aiii and 2B). Pericytes of the arcade venules were totally immune
to PE (Fig. 2Aiii and 2B), which agrees with the in vivo studies [10].

3.3. Effects of endothelin-1

We have studied the effects of endothelin-1 (ET-1), a highly potent
endothelium-derived vasoconstrictor on Ca’* signals and contractility of
arteriolar myocytes and venular pericytes. In myocytes of arcade arteriole
ET-1 (5 nM) induced asynchronous Ca”" oscillations, appeared as phasic
propagating Ca** waves and accompanied by vasomotion, similar to those
induced by PE (Fig. 2Aiv, 2B). Pericytes also strongly responded to ET-I
with the large increase in intracellular Ca?", which appeared as a long
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Fig. 3. Effects endothelin-1 on Ca?* transients and contractility of myocytes of ar-
cade arteriole and pericytes of arcade venules in situ. Note that asynchronous Ca”
oscillations in myocytes (SMC) are associated with the regional vasomotion w/z{'/e.z‘he
long lasting Ca®* transient in pericytes (P) is accompanied by strong venoconsiriction.
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transient (Fig. 2Aiv and 2B). This steady state rise of intracel-
lular Ca?* produced strong venocosntriction induced by c;ontrachon qf the
pericytes’ processes (Fig. 3B). Our data demonstrate distinct mechanisms,
controlling Ca?* signalling in myocytes and pericytes induced by the same
agonist.

The application of Ca*"-imaging technology allowed us to demon'strate
distinct mechanisms controlling Ca2" signalling in myocytes and pericytes
of arcade arterioles and venules, respectively. The highly dynamic respons-
es evoked in smooth muscle cells by ET-1, for example, suggest that Ca.*
waves-like oscillations in myocytes control phasic contractile responses in
arterioles but long lasting Ca?* transient in pericytes control tonic contrac-
tile responses in venules. The future studies are needed to investigate the
mechanisms controlling Ca?* signalling and contractile activity in myo-
cytes and pericytes.

lasting Ca**
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