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2- and 3-dimensional confocal imaging of Fluo-4 loaded ureteric microvesells in situ allowed us to
demonstrate distinct morphology, Ca’* signalling 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 sarco-
plasmic 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 postcapillary venules.
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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 com-
pounds for confocal imaging were non-ratiometric
Ca?* sensitive indicators fluo-3 and fluo-4. The de-
velopment 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 ex-
citation 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 unique opportu-
nity 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 mor-
phology and Ca?* signalling of precapillary arcade
arterioles and postcapillary arcade venules, which
parallel each other but belong to different parts of
microvascular networks. Traditionally precapillary
arterioles are seen as small resistance microves-
sels, involved in control of tissue blood flow, while
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postcapillary venules are known to play a key role
in control of extravasation of white blood cells in
response to infection or inflammation [5]. Close
proximity of these anatomically and physiologically
different microvessels gives a unique opportunity
to compare their morphology, Ca?* signalling and
vasomotor responses to central and local vasocon-
strictors and vasodilators under identical experi-
mental 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 (A, = 488 nM,
L., = 510 nM), obtained by the method developed
in our laboratory using Nipkow disc based confo-
cal imaging system (For details see [1, 2]). Figu-
re 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 full turns around endothelium [2].
The postcapillary arcade venules are surrounded
by spidery pericytes, with stellate cell bodies giv-
ing slender cell projections (Fig. 1Aii). These pro-
jections appear to be randomly oriented with re-
spect 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 morpho-
logical data are in good agreement with those ob-
tained with scanning electron microscopy [6, 7].

Both arteriolar myocytes and venular peri-
cytes were stained in situ with fluorescently la-
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Fig. 1. Live images of ureteric arcade arteriole and arcade venule in situ. A: Images of fluo-4 loaded arcade
arteriole and venule. B: Images of arcade arteriole and venule stained with phalloidin, SMC — smooth muscle

cells; P — pericytes

belled phalloidin in order to detect a-actin fila-
ments in the cells. Our data are in agreement with
previous observations of Nehls and Drenckhahn
[8]. Both myocytes and pericytes of arcade arterio-
les and venules were stained positively for a-actin
(Fig. 1Bi, ii), suggesting both media cells in these
microvessels are contractile. The next we charac-
terized Ca?" signalling in myocytes and pericytes
and related it to contraction in arterioles and venu-
les, 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 ryanodine receptors (RyRs)
channels, can appear as Ca’>" sparks or waves and
was shown to play a key role in control of vascu-
lar tone in small resistance 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
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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 con-
centrations (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 phenylephrine

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, phenylephrine (PE) to investigate
responsiveness of arteriolar myocytes and venular
pericytes to topical application of catecholamine.
In myocytes of arcade arterioles as we reported be-
fore [2] PE (5-10 uM) induced asynchronous Ca?**
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Fig. 2. Effects of caffeine, phenylephrine and endothelin-1 on Ca** responses of ureteric microvascular net-
work in situ. A: Images of ureteric microvascular network in situ showing Ca’*" responses of myocytes of arcade
arteriole (AA) and pericytes 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 (2 mM), 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 arterioles, PA — precapil-
lary arterioles
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Fig. 3. Effects endothelin-1 on Ca*" transients and contractility of myocytes of arcade arteriole and pericytes
of arcade venules in situ. Note that asynchronous Ca?* oscillations in myocytes (SMC) are associated with the
regional vasomotion while the long lasting Ca’* transient in pericytes (P) is accompanied by strong venoconstric-

tion. EC — endothelial cells

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 va-
soconstrictor on Ca?" signals and contractility of
arteriolar myocytes and venular pericytes. In myo-
cytes of arcade arteriole ET-1 (5 nM) induced
asynchronous Ca?* oscillations, appeared as phasic
propagating Ca?* waves and accompanied by vaso-
motion, similar to those induced by PE (Fig. 2Aiv,
2B). Pericytes also strongly responded to ET-1 with
the large increase in intracellular Ca?*, which ap-
peared as a long lasting Ca?* transient (Fig. 2Aiv
and 2B). This steady state rise of intracellular Ca?*
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produced strong venocosntriction induced by con-
traction of 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 demonstrate distinct mechanisms
controlling Ca?* signalling in myocytes and peri-
cytes of arcade arterioles and venules, respectively.
The highly dynamic responses 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
contractile responses in venules. The future studies
are needed to investigate the mechanisms con-
trolling Ca?* signalling and contractile activity in
myocytes and pericytes.
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YBUIETH — IOBEPUTD!
KOH®OKAJIbBHAAA MUKPOCKOITUA
MUKPOCOCYAOB IN SITU:
MOP®OJIOTUA, Ca?*-
CUTHAJIN3ALINA U TOHYC

T. Bypoviea, JI. bopucosa

OTnen KJIETOUHOUM M MOJEKYJISIpHON (PU3UOJIOTUH,
WHCTUTYT TpaHCASIIMOHHONW METUIIMHBI,
JluBepnynbckuil yHuBepcuTeT, BenukooputaHus

JByx- 1 TpexmMepHast KOH(OKaIbHAsT MUKPO-
CKOTIUSI TIO3BOJISET TOJYYUTh M300pakeHUST MH-
KPOCOCY/IOB B MOUYETOYHMKE in Sit ¢ UCIOJb30-
BaHueM (uryopecieHTHOTO Ca?"-qyBCTBUTETBHOTO
3oHAa Fluo-4. DToT MeTOI MO3BOJIMIJI HAM MPOJe-
MOHCTPUPOBATh OTUETINBYIO Mopdoioruio, Ca’*-
CUTHAJIM3AIINI0 W COKPATUTEIbHYI0 aKTUBHOCTH
MUOITNTOB apKaIHBIX apTepUON W TICPUILIMTOB ap-
KaJaHbIX BeHysa. B Muonmrtax m nmepunmrax Ca’t-
CHTHAJIbl BO3HUKAIOT WCKJIIOYUTEIBHO 3a CUET
ocBoboxmeHns Ca’" m3 capKomja3MaTHYeCKOTO
peTUKyayMa TMOoCpeACcTBOM MHo3uTOoa 1,4,5-Tpu-
(hocaTuyBCTBUTENBHBIX peLienTOpoB. B oTinuune
oT mMuonnToB Ca?" TpaH3MEHTHI B TIEPUIINTAX ME-
Hee OCUMJIIUpYIoLIMe U 0oJiee MPOAOJKUTEIbHBIE.
[MonydyeHHble AaHHBIE TPENIIOIAraloT HaJW4ue
Pa3TIMIHBIX MEXaHWU3MOB, KOHTPOIUPYIOIINX JIO-
KaJIbHBI KPOBOTOK B TTPEKATTUJIISIPHBIX apTepro-
JIaX ¥ TTOCTKANMJUISIPHBIX BEHYIIaX.

KniouesBbie cnoBa: Ca* curHaamsaius,
MUOLIUTHI, TIEPULIUTHI, MUKPOCOCYIUCThIE CETH,
KOH(OKaJIbHAsA MUWKPOCKOIHSI.

INIOBAYUTH — ITOBIPUTN!
KOH®OKAJBHA MIKPOCKOIIIA
MIKPOCYIUH IN SITU:
MOP®OJIOTI'TA, Ca*-
CUTHAJII3ALIA I TOHYC

T. Bypouea, JlI. bopucosa

Binnin xkiiTuHHOI Ta MOJIeKYIsIpHOI hizioorii,
IHCTUTYT TpaHCHSALITHOT MEIUIIMHY,
JliBepnynbebkuii yHiBepcuTeT, Bennka bpurtanist

JIBo- Ta TpuBMMipHa KOH(}OKaJIbHAa MiKpO-
CKOIisI JO3BOJISIE OAepKaTU 300pakeHHSI MiKpo-
CYIIMH B CEUYOBOI in Situ i3 BUKOPUCTAaHHSIM (payo-
pecuentHoro Ca?" wytnuBoro 3oHaa Fluo-4. Lleit
METOJ JO3BOJIMB HaM MPOAEMOHCTPYBAaTH BUpPa3-
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Hy Mopgoorito, Ca?* curHanisauiro i CKOpoT-
JIUBY aKTUBHICTb MIOLMTIB apKaaHUX apTepiona
1 DepULUTIB apKaJHUX BeHYJ. Y MiouuTax i Ie-
punutax Ca’"-cUTrHaau BUHUKAIOTh BUKJIIOUHO
3a PaxXyHOK 3BiJIbHEHHS i3 capKoIlIa3MaTMYHOTO
peTukyiayma uepe3d iHoszuton 1,4,5-tpudocdar-
YyTAUBUX peuentopu. Ha BiAMiHY Big MiOLIUTIB
Ca?" TpaH3i€EHTU B IEePULIMTAX MEHII MiHJMBI i
5 tpuBajimmmMmu. OnmepxkaHi JaHi mepegdava-
IOTh HaSIBHICTh PI3HUX MEXaHi3MiB, SIKi KOHTPO-
JIIOIOTH JIOKAJbHUI KPOBOTIK B MpeKalliJIIpHUX
aprepiosiax i HOCTKAMJISIPHUX BeHYJaX.

KnouyoBi cmosa: Ca?* curHamizanig,
MIOLIUTH, TIEPULIMTU, MIiKPOCYIWHHI CITKH, KOH-
(hokanbHa MiKPOCKOMisl.
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