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Different modulation by Ca?*-activated K™ channel blockers and
herbimycin of acetylcholine- and flow-evoked vasodilatation in rat
mesenteric small arteries

'"Michael Thorsgaard, 'Vanesa Lopez, 'Niels H. Buus & *''UIf Simonsen

"Department of Pharmacology, University of Aarhus, 8000 Aarhus C, Denmark

1 The present study addressed whether endothelium-dependent vasodilatation evoked by acetylcho-
line and flow are mediated by the same mechanisms in isolated rat mesenteric small arteries, suspended
in a pressure myograph for the measurement of internal diameter.

2 In pressurized arterial segments contracted with U46619 in the presence of indomethacin, shear
stress generated by the flow evoked relaxation. Thus, in endothelium-intact segments low
(5.14+0.6dyncm~2) and high (19+2dyncm™2) shear stress evoked vasodilatations that were reduced
by, respectively, 68§+11 and 68+8% (P<0.05, n=7) by endothelial cell removal. Acetylcholine
(0.01 — 1 um) evoked concentration-dependent vasodilatation that was abolished by endothelial cell
removal.

3 Incubation with indomethacin alone did not change acetylcholine and shear stress-evoked
vasodilatation, while the combination of indomethacin with the nitric oxide (NO) synthase inhibitor,
N¢ NCasymmetric dimethyl-L-arginine (ADMA 1mM), reduced low and high shear stress-evoked
vasodilatation with, respectively, 52+15 and 58+10% (P<0.05, n=9), but it did not change
acetylcholine-evoked vasodilatation.

4 Inhibition of Ca®"-activated K™ channels with a combination of apamin (0.5uM) and
charybdotoxin (ChTX) (0.1 uM) did not change shear stress- and acetylcholine-evoked vasodilatation.
In the presence of indomethacin and ADMA, the combination of apamin (0.5 uM) and ChTx (0.1 uM)
increased contraction induced by U46619, but these blockers did not change the vasodilatation evoked
by shear stress. In contrast, acetylcholine-evoked vasodilatation was abolished by the combination of
apamin and charybdotoxin.

5 In the presence of indomethacin, the tyrosine kinase inhibitor, herbimycin A (1 uM), inhibited low
and high shear stress-evoked vasodilatation with, respectively, 32+ 12 and 68 +14% (P <0.05, n=28),
but it did not change vasodilatation induced by acetylcholine. In the presence of indomethacin and
ADMA, herbimycin A neither changed shear stress nor acetylcholine-evoked vasodilatation.

6 The present study suggests that Ca®*-activated K" channels sensitive for the combination of
apamin and ChTx are involved in acetylcholine-evoked, mainly non-NO nonprostanoid factor-
mediated, vasodilatation, while an Src tyrosine kinase plays a role for flow-evoked NO-mediated
vasodilatation in rat mesenteric small arteries.
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Introduction

The vascular endothelium plays an important role in the
regulation of vascular tone through release of nitric oxide
(NO) and prostaglandins. In addition, there are endothelium-
dependent vasodilatation resistant to the inhibition of
cyclooxygenase and NO synthase (NOS), non-NO, nonpros-
tanoid endothelium-derived hyperpolarizing factor (EDHF)-
type relaxation, which is most pronounced in the distal part of
the systemic arterial circulation (Parsons et al, 1994; Hwa
et al., 1994; Shimokawa et al, 1996; Buus et al, 2000;
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McGuire et al., 2001; Busse et al., 2002). Several candidates for
the EDHF-type relaxation have been suggested to mediate
agonist-induced relaxation of small arteries such as potassium
ions (Edwards et al, 1998), hydrogen peroxide (H,O,)
(Matoba et al, 2000), and products of the cytochrome P450
pathway (Fulton et al, 1992; Bauersachs et al, 1994
Fisslthaler et al., 1999; Bolz et al., 2000). Other studies have
attributed agonist-evoked non-NO nonprostanoid relaxation
to myoendothelial gap junction communication (Chaytor et al.,
1998; Yamamoto et al., 1999, Sandow & Hill, 2000; Coleman
et al., 2001; Taylor et al., 2001). Elevation of shear stress
evokes NO-mediated relaxation in large systemic arteries
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(Rubanyi er al., 1986; Cooke et al, 1991), coronary small
arteries (Muller et al., 1999) and human subcutaneous arteries
(Paniagua et al., 2001), but it was shown to lead to EDHF-type
vasodilatation in rat mesenteric arteries (Matrougui et al.,
1997; Takamura et al., 1999; Izzard & Heagerty, 1999) and
human coronary arterioles (Miura et «al, 2001). In human
coronary arterioles, shear stress-evoked vasodilatation is
attributed to cytochrome P450 metabolites (Miura et al.,
2001), but the non-NO nonprostanoid EDHF-type vasodilata-
tion is not fully characterized in mesenteric small arteries and it
has not been addressed whether acetylcholine and shear stress
is causing vasodilatation by the same endothelium-dependent
mechanism in small arteries.

The inhibition of small- and intermediate-conductance
Ca’*-activated K* channels by the combination of apamin
and charybdotoxin (ChTx) has been considered as a unique
characteristic of the non-NO nonprostanoid-type relaxations
(Edwards et al, 1998; Buus et al., 2000), and hyperpolari-
zation evoked by agonists in small arteries (Zygmunt
& Hogestatt, 1996; Edwards et al, 1998; Yamamoto et al.,
1999). A general blocker of Ca®*-activated K™ channels,
tetracthylammonium, and ChTx was also found to inhibit
the non-NO nonprostanoid vasodilatation and hyper-
polarization induced by flow in coronary arteries (Dube &
Canty, 2001; Miura et al, 2001), while the combination
of apamin and ChTx only caused partial inhibition of
flow-induced vasodilatation in rat mesenteric arteries
(Takamura et al., 1999). Therefore, these studies could suggest
that flow activates another relaxation mechanism than
acetylcholine. Agonist activation of isolated endothelial
cells by acetylcholine is dependent on rises in intracellular
Ca?* (Nilius & Droogmans, 2001), while shear stress-evoked
endothelial cell activation is partly dependent of Ca®" and on
the activation of tyrosine kinase or serine/threonine kinase
(Corson et al., 1996; Fleming et al., 1998; Dimmeler et al.,
1999). However, in small arteries it has not been addressed
whether different kinds of endothelial cell activation such as by
the endothelium-dependent agonist, acetylcholine, and flow
lead to vasodilatation mediated by distinct endothelium-
derived factors.

The aim of the present study was to clarify whether
acetylcholine- and flow-induced vasodilatation is mediated
by the same mechanisms in rat mesenteric small arteries. For
this purpose, the effect of blockers of Ca®*-activated K*
channels and Src tyrosine kinase as well as inhibitors of
cyclooxygenase and NO synthase were evaluated on flow- and
acetylcholine-evoked vasodilatation in pressurized vascular
segments.

Methods

The 12- to 16-week-old male Wistar rats were killed by a blow
to the head followed by exsanguination. The procedures were
in accordance with Danish Animal Law and regulations. The
mesenteric vascular bed was removed and throughout the
subsequent dissection, the tissue was bathed in cold physiolo-
gical salt solution (PSS, 4°C) of the following composition
(mM): CaCl, 1.6, NaCl 119, KCl 4.7, glucose 5.5,
MgSO, - 7H,0 1.17, NaHCO; 25, KH,PO, 1.18, and ethyle-
nediaminetetraacetic acid (EDTA) 0.026. The solution was
gassed with 5% CO, in air to maintain pH at 7.4.

Flow-induced vasodilatation

Third-order mesenteric arteries were isolated by microdissec-
tion. After dissection arterial segments with a length of 1.5
3 mm were transferred to the chamber of a pressure myograph
for cannulation (Danish Myotechnology, Aarhus, Denmark
(Buus et al., 1994). At this stage, the chamber was filled with
PSS equilibrated with room air at ambient temperature, and
the perfusion line was filled with PSS. The chamber contained
two glass pipettes (tip outer diameter ~ 120 — 130 um): one was
fixed and the other was mounted on a manipulator allowing
adjustment of the vessel length. The vessel was cannulated with
the inflow pipette and tied by a surgical thread. The inflow
pressure was elevated to 15— 20 mmHg to wash out blood, and
the other end of the vessel was cannulated with the outflow
pipette. After cannulation, the pressure myograph was
transferred to the stage of an inverted microscope, the pressure
was elevated to 30 mmHg, and the myograph bath was heated
to 37°C. Then the pressure was elevated to 80 mmHg, and the
axial length was adjusted to eliminate any buckling of the
preparation. When pressurized, the vessel segment was long-
itudinally stretched to 110% of the initial passive length at
80mmHg. Under an inverted microscope (Telaval 31, Zeiss)
the preparation was examined for leaks, which were easily
identified by outflow of solution.

The middle of the vessel segment was viewed through the
inverted microscope (magnification x 100), and its inner and
outer diameter was measured by a videomicroscope technique.
The signal from a video camera attached to the inverted
microscope was fed to a frame grabber and then to a
dimension-analyzing program (VesselView, Danish Myotech-
nology, Aarhus, Denmark) allowing continuous sampling of
diameters and pressures at 3 Hz. Hydrostatic pressures of both
inlet and outlet reservoirs were measured by pressure
transducers connected to the perfusion line on the inlet and
outlet side, respectively.

The arterial segment was exposed to U46619 (0.1 uM) added
both intra- and extraluminally, since we observed that
intraluminal washout contributed to the vasodilatation ob-
tained by increasing flow. When the contraction was stable,
acetylcholine (1 uM) was added extraluminally. The following
criteria were applied to accept an arterial segment for the
investigation of endothelium-dependent vasodilatation: (1)
The contractile response induced by U46619 should reduce
vessel diameter with at least 25%. (2) Relaxation evoked by
acetylcholine (1 uM) above 50%. (3) If an air bubble passed the
arterial segment, it led to exclusion of the experiment.

To investigate the role of the endothelial cell layer, a first
response to flow and acetylcholine was obtained in the
U46619-contracted artery. Flow was generated by suction
with a peristaltic pump and flow was adjusted in the ranges of
either 25—50ul or 100—200 ulmin~', which correspond to
shear stress levels of, respectively, 4 and 16dyncm™ in the
mesenteric small arteries. Shear stress was calculated from the
following equation:

T= 411Q/m'3,

where r is the internal vessel diameter, Q the average flow
velocity, and 7 the viscosity. In between the two responses to
flow, the pump was stopped allowing the preconstriction to
regain. The latter procedure was included, since we observed

that very high flow, corresponding to 30— 50dyncm™2

British Journal of Pharmacology vol 138 (8)



1564 M. Thorsgaard et al

Flow-evoked vasodilatation

generated irreversible damage to the vascular wall. The suction
from the peristaltic pump introduced a small pressure
variation with an amplitude of 3mmHg and frequency of
0.04 — 0.3 Hz. The segment was bubbled with small air bubbles,
allowed to dilate and was constricted with U46619 (0.1 uMm)
and acetylcholine (1 uM) was added. Lack of vasodilatation to
acetylcholine was taken as evidence of successful removal of
the endothelial cell layer. A second response to flow and
acetylcholine was obtained, and finally the segment was dilated
with papaverine (100 uM).

For characterization of the mechanisms involved in the
endothelium-dependent vasodilatation by flow and acetylcho-
line, the arterial segment was constricted with U46619 applied
both extra- and intraluminally. When the constriction induced
by U46619 was stable a first response was obtained for flow
generating a shear stress corresponding to 4 and 16 dyncm ™2,
and then acetylcholine (0.01 — 1 uM) was added. The prepara-
tion was washed and incubated with either indomethacin
(Bum), ADMA (I1mM), indomethacin and ADMA, or
indomethacin and herbimycin (10 uM) for 20min, and a
second response was obtained for flow and acetylcholine. In
another series of experiments, indomethacin and ADMA were
present throughout the experiments, and a first response for
flow and acetylcholine was obtained, after which a second
response was obtained either in the absence of drugs or after
incubation with apamin and ChTx, barium chloride
(BaCl,,100 um), or herbimycin A.

Drugs

The following drugs were used: acetylcholine HCI, indometha-
cin, asymmetric dimethyl L-arginine (ADMA), herbimycin A,
9,11-di-deoxy-11a, 9a-epoxymethano prostaglandin F,,
(U46619), noradrenaline HCI, and phenylarsine oxide were
from Sigma, U.S.A. Apamin and ChTx were from Latoxan,
France, and BaCl, from Merck, Germany.

Noradrenaline was prepared in 0.25N HCl and further
diluted in distilled water. U46619 was dissolved in 50%
ethanol and further diluted in distilled water. The other drugs
were dissolved in distilled water. None of the solvents, in the
concentration applied, had any effect on the preparations.

Analysis of data

All responses are expressed as mean+s.e.m., where n equals
the number of rats. Relaxations are expressed as changes in
internal diameter or area under the relaxation response was
calculated and expressed as changes in internal diameter (um)
with time (s) (GraphPad Prism, San Diego, CA, U.S.A.). The
differences between means were analyzed with two-way
ANOVA and complementary Bonferroni #-test. A value of
P <0.05 was considered to indicate statistical significance.

Results
Flow-evoked vasodilatation

A total of 60 vessels were mounted, 43 segments were accepted,
and 17 arteries excluded because of lack of response to flow
(n=9), destruction by an air bubble passing the artery either
accidently (n =5) or in connection with attempts to remove the
endothelial cell layer (n=3). The average diameter of the

mounted and accepted arteries was 353410 uM, and U46619
constricted the arteries to 198 +10 uM (n=43). In pressurized
arterial segments contracted with U46619 in the presence of
indomethacin, shear stress generated by the flow evoked
relaxation. Thus, in endothelium-intact segments low
(5.140.6dyncm™?) and high (19+2dyncm™2) shear stress
evoked vasodilatations that were reduced by, respectively,
68+11 and 68+8% (P<0.05, n=7) by endothelial cell
removal (Figures 1 and 2a). Acetylcholine (0.01 — 1 uM) evoked
concentration-dependent vasodilatation that was abolished by
endothelial cell removal (Figures 1b and 2b). Incubation with
indomethacin (3 uM) did not change vasodilatations induced
by flow or by acetylcholine (Figure 3a,b). In the presence of
indomethacin, incubation with an inhibitor of NO synthase,
ADMA (1mM), reduced low and high shear stress-evoked
vasodilatation with, respectively, 52+15 and 58+10%
(P<0.05, n=9; Figure 4a). However, acetylcholine-evoked
vasodilatation was largely unchanged in the presence of
ADMA, although Student’s f-test revealed significant differ-
ences comparing 10~ M acetylcholine relaxation obtained in
the absence and presence of ADMA (Figure 4b).

Effect of blockers of Ca’"-activated K+ channels and
herbimycin on flow-evoked vasodilatation

In the presence of indomethacin, incubation with the
combination of inhibitors of small-conductance Ca’®"-acti-
vated K™ channels, apamin (0.5 uM), and intermediate- and
largeconductance Ca®"-activated K" channels, ChTx (0.1 uM)
did not change flow- or acetylcholine-evoked vasodilatation
(Figure 5a,b).
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Figure 1 Flow and acetylcholine-induced vasodilatation in rat
mesenteric artery. Original traces showing the diameter changes in
(a) endothelium-intact and (b) endothelium-denuded rat mesenteric
artery contracted with U46619 (0.1 uM), and relaxed with flow
corresponding to 4 and 16dyncm™>, and then with increasing
concentrations of acetylcholine (ACh). The experiments were
performed in the presence of indomethacin (3 uM).
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Figure 2 Endothelial cell removal abolished acetylcholine vasodi-
latation and inhibited flow-induced vasodilatation. Area under the
vasodilatation curve (AUC) calculated for each response to (a) flow
and (b) acetylcholine in endothelium-intact and -denuded arterial
preparations. Results are mean+s.e.m. of seven preparations. The
experiments were performed in the presence of indomethacin (3 uM).
Differences in responses evaluated by two-way analysis of variance:
*P<0.05 wversus endothelium-intact preparations; vasodilatation
responses were dependent on the magnitude of shear stress and
acetylcholine concentration applied.
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Figure 3 Flow- and acetylcholine-induced vasodilatation resistant
to the inhibition of cyclooxygenase. Area under the vasodilatation
curve (AUC) calculated for each response to (a) flow and (b)
acetylcholine obtained in the absence and the presence of
indomethacin (3 uM). Results are mean +s.e.m. of five preparations.
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Figure 4 N NC%asymmetric dimethyl-L-arginine (ADMA) inhi-
bits flow-evoked vasodilatation in rat mesenteric arteries. Area
under the vasodilatation curve (AUC) calculated for each response
to (a) flow and (b) acetylcholine in the absence or presence of
ADMA (1mM). Results are meants.e.m. of eight to nine
preparations. Differences in responses evaluated by a two-way
analysis of variance: *P<0.05 versus control response.

In the presence of indomethacin and ADMA, incubation
with the combination of apamin (0.5 uM) and ChTx (0.1 uM)
increased the vasoconstriction induced by U46619 (0.1 um)
from 198 +13 to 182 +13 uM (n=135). However, both low and
high shear stress levels caused vasodilatation to similar levels
in the absence and the presence of apamin and ChTx
(Figure 5¢). In contrast, in the presence of indomethacin and
ADMA, the combination of apamin and ChTx abolished
acetylcholine-evoked vasodilatation (Figure 5d). Incubation
with a blocker of inward rectifier K* channels, BaCl,
(100 um), did not change vasodilatations evoked by flow or
acetylcholine (n =3, results not shown).

In the presence of indomethacin, an inhibitor of the tyrosine
kinase c-Src, herbimycin A, had a pronounced effect on flow-
induced vasodilatation (Figure 6a). Thus, herbimycin A
reduced low and high flow-evoked relaxation by, respectively,
32+12 and 68 +14% (P<0.05, n=7). In contrast, acetylcho-
line-evoked vasodilatation in the same vascular preparations
was not affected in the presence of herbimycin A (Figure 6b).
In the presence of indomethacin and ADMA, incubation with
herbimycin A did not cause additional inhibition of flow-
evoked vasodilatation, and acetylcholine vasodilatation re-
mained unchanged (Figure 6c, d). In segments treated with
indomethacin, incubation with another tyrosine kinase in-
hibitor, genistein (5 uM), lowered U46619-induced constriction
with 50%, but genistein did not affect flow-evoked vasodilata-
tion in rat mesenteric arteries (n = 2, results not shown). In rat
mesenteric small arteries constricted with U46619, a putative
activator of tyrosine kinase, phenylarsine oxide (30uM),
abolished tone irreversibly and therefore, this pathway could
not be explored further (n=3).
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Figure 5 The combination of the blockers of Ca**-activated K™ channels, apamin and ChTx, abolished acetylcholine, but not
flow-evoked vasodilatation persisting in the presence of indomethacin and ADMA. Area under the vasodilatation curve (AUC) for
(a, ¢) flow and (b, d) acetylcholine in the absence or presence of a combination of a blocker of small-conductance, apamin (0.5 um),
and intermediate- and large-conductance, ChTx (0.1 uM) Ca>*-activated K* channels. The experiments were performed in (a, b) the
presence of indomethacin (3 uM) and (¢, d) the presence of indomethacin and ADMA (1 mM). Results are mean +s.e.m. of four to
five preparations. Differences in responses evaluated by two-way analysis of variance: *P<0.05 versus responses obtained in the
presence of indomethacin and ADMA.
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Figure 6 The tyrosine kinase inhibitor, herbimycin A, inhibits the sustained vasodilatation by flow, but it does not change
acetylcholine vasodilatation. Area under the vasodilatation curve (AUC) for (a, ¢) flow and (b, d) acetylcholine in the absence or the
presence of a tyrosine kinase (c-SRC) inhibitor, herbimycin A (1 uM). The experiments were performed in (a, b) the presence of
indomethacin (3 uM) and (¢, d) the presence of indomethacin and ADMA (I mM). Results are mean+s.e.m. of seven to nine
preparations. Differences in responses evaluated by two-way analysis of variance: *P<0.05 versus responses obtained in the
presence of indomethacin.
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Discussion

The main findings of the present study are that flow-evoked
vasodilatation was markedly reduced in the presence of an
inhibitor of NO synthase and of Src kinase, while these
treatments did not cause major changes in acetylcholine-
evoked vasodilatation. Moreover, the combination of the K*
channel blockers, apamin and ChTx, inhibited acetylcholine
vasodilatation persisting in the presence of inhibitors of
cyclooxygenase and NOS. Therefore, these results suggest
the endothelial cell signal transduction as well as the
contribution of endothelium-derived NO and EDHF-type
vasodilatation is different for flow- and acetylcholine-evoked
vasodilatation in rat mesenteric small arteries.

Role of endothelium and NO in flow- and acetylcholine-
evoked vasodilatation

The range of shear stress applied in the present study
corresponds to that in vivo, and maximal vasodilatation should
be obtained at these shear stress levels (Griffith, 2000).
However, the magnitude of vasodilatation in the present study
was less than observed in other studies of mesenteric small
arteries, where flow-evoked vasodilatation was elicited on
spontaneous tone (Matrougui et al., 1997; Izzard & Heagerty,
1999) or constrictions induced by «;-adrenoceptor antagonists
(Takamura et al, 1999). Similar to other studies from this
laboratory (Chlopicki et al., 2001), arterial segments that are
second to third-order branches of the superior mesenteric
artery do not develop spontaneous myogenic tone, and in the
case of constrictions elicited by o;-adrenoceptor agonists,
washout contributed to the vasodilatation evoked by the flow
levels applied in the present study. Therefore, the thromboxane
analog, U46619, was applied in the present study and this
could be a limitation, since the processes leading to vasocon-
striction evoked by the contractile drugs seem to play a role for
relaxations mediated by endothelium-derived relaxing factors
(Plane & Garland, 1996; Tomioka et al., 1999). Thus, U46619
was suggested to cause a marked inhibition of acetylcholine
relaxation in rat mesenteric small arteries in the presence of
NOS blockade (Plane & Garland, 1996). However, in a
previous study (Prieto et al, 1998) and also in the present
study, we applied lower concentrations of U46619 and
obtained maximal vasodilatation to acetylcholine. Moreover,
the constriction of the arteries by U46619 to 45% of the
passive diameter of the arteries allowed large changes in the
resistance of the vascular segments when vasodilatation was
evoked by flow.

Vasodilatation by elevation in shear stress following
increased flow is considered to be endothelium dependent.
There are only few in vivo studies which have addressed this
issue, but in vitro studies have repeatedly shown that flow-
induced vasodilatation is either partially inhibited (Poura-
geaud & Freslon, 1995; Vequaud et al., 1999) or abolished by
endothelial cell removal in small arteries (Izzard & Heagerty,
1999; Takamura et al., 1999). In the present study, a small
vasodilatation to flow persisted after removal of the endothe-
lial cell layer and can probably be ascribed to the small
pressure variation generated by the pump suction in our setup,
which on the other hand allowed us to control precisely the
generated flow. However, mechanical removal of the endothe-
lium abolished acetylcholine-evoked vasodilatation and mark-

edly reduced flow-induced vasodilatation indicating that both
responses are dependent on an intact endothelial cell layer.

NO plays a main role for both agonist and flow-evoked
endothelium-dependent vasorelaxation in large arteries
(Cooke et al, 1991; Simonsen et al., 1999; Danser et al.,
2000). In human small arteries and rat skeletal arterioles,
prostanoids and NO were found only to have a minor role in
acetylcholine-evoked vasodilatation (Buus et al, 2000; Un-
gvari et al, 2001), while flow-evoked vasodilatation was
abolished in the presence of inhibitors of cyclooxygenase and
NO (Paniagua et al, 2001). The same preconstrictor nora-
drenaline was applied and therefore, these studies suggest that
different activation of the endothelial cell layer is associated
with the release of different types of endothelium-derived
relaxant factor. In rat mesenteric small arteries with sponta-
neous tone, inhibition of NO synthase and cyclooxygenase was
demonstrated either to cause no or partial inhibition of
acetylcholine and flow-evoked vasodilatation (Iglarz et al,
1998; Izzard & Heagerty, 1999; Takamura et al., 1999). In the
present study, the arteries were constricted with the throm-
boxane analog, U46619, and an inhibitor of NO synthase,
ADMA, caused pronounced inhibition of flow-evoked vaso-
dilatation. The concentration of ADMA, applied in the
present study, causes effective inhibition of NO synthase,
since it reduces acetylcholine-evoked NO release in the rat
superior mesenteric artery to levels similar to that of N°-nitro-
L-arginine (Simonsen et al., 1999; Stankevicius et al., 2002).
Therefore, the main part of shear stress-induced vasodilatation
of mesenteric small arteries can be attributed to NO, while NO
only seems to play a minor role for acetylcholine-evoked
vasodilatation.

Role of nonprostanoid non-NO in flow- and acetylcholine-
evoked vasodilatation

Endothelial cell calcium plays a pivotal role for agonist-
induced release of endothelium-derived relaxing factors
including prostacyclin, NO, and EDHF-type vasorelaxation
(Nilius & Droogmans, 2001). Simultaneous recordings of
endothelial membrane potential and cytosolic Ca>" in the
intact rat aorta also showed that acetylcholine-evoked
hyperpolarization coincides with rises in Ca’”, suggesting
these two events are coupled (Carter & Ogden, 1994; Usachev
et al., 1995; Nilius & Droogmans, 2001). Patch-clamp
experiments and reverse transcriptase—polymerase chain
reaction (RT—PCR) have also provided evidence for the
presence of small, intermediate, and large-conductance Ca**-
activated K™ channels in endothelial cells of intact arteries
(Marchenko & Sage, 1996; Kohler ez al., 2000), while small-
and intermediate-conductance Ca’"-activated K" channels
are not expressed in mature smooth muscle cells (Burnham
et al., 2002; Bychkov et al., 2002). Moreover, measurement of
endothelial cell membrane potential in intact mesenteric small
arteries suggested endothelial small- and intermediate-con-
ductance Ca’"-activated K™ channels to be involved in
acetylcholine-induced EDHF-type relaxation (Edwards et al.,
1998). Therefore, the present study confirms previous studies
(Edwards et al., 1998; Buus et al., 2000; Busse et al., 2002),
where the blockade of Ca’?"-activated K" channels with the
combination of apamin and ChTx was also found to inhibit
acetylcholine vasodilatation resistant to cyclooxygenase and
NOS inhibition.
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Shear stress-induced vasodilatation is only in part dependent
on rises in endothelial cell calcium (Muller et al., 1999; Busse &
Fleming, 2003), but Ca”*-activated K™ channels have been
suggested to be involved in flow-evoked vasodilatation.
Vasodilatation of large arteries, evoked by superfusate either
from cultured endothelial cells exposed to flow or from a
perfused endothelium-intact donor artery, was inhibited in the
presence of a blocker of Ca®*-activated K* channels,
tetracthylammonium (Cooke et al, 1991; Hutcheson &
Griffith, 1994). Moreover, tetracthylammonium and ChTx
was found to inhibit the non-NO nonprostanoid vasodilata-
tion and hyperpolarization evoked by flow in coronary
arterioles (Dube & Canty, 2001; Miura et al, 2001). An
inhibitor of large-conductance Ca®"-activated K* channels,
iberiotoxin, was by intraluminal application also found to
inhibit flow-dependent dilation in rat mesenteric arterioles,
while the effect of the combination of apamin and ChTx on
flow was small in medium-sized mesenteric arteries (Takamura
et al., 1999). Therefore, arterial size, the vascular bed studied,
species differences, and probably also experimental conditions
seem to play a role for the implication of Ca**-activated K*
channels in flow-evoked vasodilatation. In the present study,
we compared in the same preparations the effect of the
combination of apamin and ChTx on acetylcholine- and flow-
evoked vasodilatation and found that in contrast to acetylcho-
line-evoked vasodilatation, flow-evoked vasodilatation was
not sensitive to the inhibition of Ca?*-activated K" channels.
These results suggest that opening of Ca’"-activated K*
channels does not appear to contribute to shear stress-evoked
vasodilatation of U46619-constricted rat mesenteric small
arteries.

Shear stress enhances the open probability of inward
rectifying K* channels in cellattached patches (Olesen et al.,
1988; Nilius & Droogmans, 2001), and a blocker of these
channels, BaCl,, was reported to inhibit flow-evoked vasodi-
latation in the rabbit iliac arteries (Cooke et al, 1991).
However, in the present study a lower concentration (100 uM)
of BaCl,, which only inhibits the inward rectifying K™
channels, did not reduce flow-evoked vasodilatation. There-
fore, opening of BaCl,-sensitive inward rectifier and Ca®"-
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