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VASCULAR: Inhibition of myogenic tone in rat cremaster and
cerebral arteries by SKA-31, an activator of endothelial KCa2.3
and KCa3.1 channels

Ramesh C Mishra, PhD1, Heike Wulff, PhD2, Michael A Hill, PhD3, and Andrew P Braun,
PhD1

1Dept. of Physiology and Pharmacology, University of Calgary, 3330 Hospital Drive NW, Calgary,
AB, T2N 4N1 Canada

2Dept. of Pharmacology, University of California Davis, 451 Health Sciences Drive, Davis, CA,
95616, USA

3Dept. of Medical Pharmacology and Physiology, Dalton Cardiovascular Research Center,
University of Missouri, 134 Research Park Drive, Columbia, MO 65211, USA

Abstract

Endothelial KCa2.3 and KCa3.1 channels contribute to the regulation of myogenic tone in
resistance arteries by CaZ*-mobilizing, vasodilatory hormones. To define further the functional
role of these channels in distinct vascular beds, we have examined the vasodilatory actions of the
KCa channel activator SKA-31 in myogenically active, rat cremaster and middle cerebral arteries.
Vessels pressurized to 70 mmHg constricted by 80-100 microns (i.e. 25-45% of maximal
diameter). SKA-31 (10 uM) inhibited myogenic tone by 80% in cremaster and ~65% in middle
cerebral arteries, with I1Csg values of ~2 UM in both vessels. These vasodilatory effects were
largely prevented by the KCa2.3 blocker UCL1684 and the KCa3.1 blocker TRAM-34 and
abolished by endothelial denudation. Pre-incubation with N© nitro L-arginine methyl ester (L-
NAME, 0.1 mM) did not affect the inhibitory response to SKA-31, but attenuated the ACh-evoked
dilation by ~45%. Penitrem-A, a blocker of BK¢, channels, did not alter SKA-31 evoked
vasodilation, but did reduce the inhibition of myogenic tone by ACh, the BK¢, channel activator
NS1619 and sodium nitroprusside. Collectively, these data demonstrate that SKA-31 produces
robust inhibition of myogenic tone in resistance arteries isolated from distinct vascular beds in an
endothelium-dependent manner.
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1. Introduction

Endothelial small- and intermediate-conductance, Ca?*-activated K* channels, also known
as SKc, and 1K, or KCa2.3 and KCa3.1 channels, respectively, play an important role in
the regulation of vascular function. They are critically involved in the endothelium-
dependent dilation of resistance arteries, as the opening of these channels in response to
Ca?*-mobilizing agonists (e.g. acetylcholine and bradykinin) generates a robust endothelial
hyperpolarizing signal that transfers to the adjacent vascular smooth muscle 12,
Functionally, this hyperpolarization reduces the steady-state activity of voltage-gated Ca%*
channels in arteries exhibiting pressure-induced myogenic tone, thereby decreasing external
Ca?* entry and contractile behavior. Pharmacological inhibition or genetic deficiency of
endothelial KCa2.3 and KCa3.1 channels impairs stimulated NO production in endothelial
cells 34, agonist-evoked vasodilation of isolated, myogenically active arteries 6 and
increases arterial tone and blood pressure in rodents 7. Small molecule activators of
endothelial KCa channels, in contrast, increase arterial diameter and agonist-evoked NO
synthesis 89,

The goal of the present study was to examine the effectiveness of a recently developed,
second generation KCa channel activator (i.e. SKA-31) 10 to inhibit myogenic tone in small
resistance arteries isolated from two distinct vascular beds (i.e. rat skeletal muscle and
cerebral circulations). As differences may exist amongst vascular beds in the functional
and/or structural heterogeneity of the endothelial layer, as well as in the composition/
organization of the vascular wall itself 1112, it is conceivable that such differences may
impact the actions of an endothelium-dependent, vasodilatory agent acting via KCa channel
activation. Using quantitative arterial pressure myography, we have observed that SKA-31
produces robust and comparable inhibition of developed tone in cannulated and pressurized
(i.e. 70 mmHg) rat cremaster and middle cerebral arteries. Moreover, these inhibitory effects
in both vessel types were largely prevented by selective inhibitors of KCa2.3 and KCa3.1
channels, but unaffected by the eNOS inhibitor L-NAME or the pharmacologic blocker of
BK, channels, penitrem-A. Collectively, these observations demonstrate that endothelial
KCa channel activators act as effective vasodilators of small resistance arteries in both
peripheral and central vascular beds and support the concept that this class of compounds
may have broad effectiveness in the vasculature 13-15,

2. Materials and methods

2.1 Vessel isolation and arterial pressure myography

The experimental protocols used in the present study were approved by the University of
Calgary Animal Care Committee, and conform to the guidelines for the care and use of
laboratory animals established by the Canadian Council on Animal Care and the NIH. Male
Sprague-Dawley rats (225-250 g body weight) were obtained from Charles River
Laboratories and housed under standard conditions with continuous access to food and
water. Rats were injected intraperioneally with sodium pentobarbital (50 mg/kg) to induce
surgical anesthesia (i.e. stage 3, loss of blink reflex), and cremaster muscles were then
surgically removed and placed in a cooled (4 °C) dissection chamber containing MOPS-
based dissection buffer (in mM) (140 NaCl, 4.7 KCI, 2 CaCl,, 1 MgSOy, 1 NaHyPQy, 2
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pyruvate, 0.02 EDTA, 5 glucose, 3 MOPS and 0.5% wi/v albumin); pH was adjusted to 7.4
with 1 N NaOH 816, Euthanasia was completed by an overdose administration of sodium
pentobarbital. A total of 42 animals were utilized to obtain the cremaster arteries described
in this study. To isolate middle cerebral arteries, anesthetized animals were first sacrificed
by decapitation, and the excised brain was similarly placed in a cooled dissection chamber.
Thirty-five animals in total were used to isolate 55 middle cerebral arteries. Following
isolation, arteries were cannulated on glass pipettes fitted in a pressure myography chamber
(Living Systems, Burlington, VT). The vessel lumen was filled with Kreb’s buffer (115
NacCl, 5 mM KCI, 25 mM NaHCOg3, 1.2 mM MgCls, 2.5 mM CaCl,, 1.2 mM KH,PO4 and
10 mM D-glucose) containing 1% bovine serum albumin, pH was adjusted to 7.4. The
cannulated vessel/chamber apparatus was placed on the stage of an inverted microscope, and
the vessel was superfused with Kreb’s buffer at a constant flow of 6—7 ml/min using a
peristaltic pump and suction line. Bath solution was maintained at ~34°C for cremaster and
37°C for cerebral vessels. Following 5-10 min of equilibration, the intra-luminal pressure of
cannulated vessels was increased in a step-wise manner under no-flow conditions and then
maintained at 70 mmHg; vessels typically developed myogenic tone within 20-30 minutes.
Continuous video measurement of the intraluminal vessel diameter was carried out using a
diameter tracking system (lonOptix, Milton, MA). Drug-containing solutions were added to
the bath via the perfusion pump. For endothelial denudation, an air bubble (0.5-1 ml) was
slowly passed through the lumen of a vessel following cannulation of one end of the vessel.
Physiological saline was then gently passed through the lumen to flush out any cellular
debris. The vessel was then fully cannulated and allowed to equilibrate as described above
prior to the application of intraluminal pressure and the development of myogenic tone.

Drug induced-changes in vessel internal diameter were calculated and are presented as a
percentage of the developed myogenic tone relative to the maximal passive intraluminal

diameter determined in an external saline solution containing zero added Ca2* and 2 mM
external EGTA according to the following equation &:

% Inhibition of Myogenic Tone=[ (Ddrug —Dbasal )/ (Dpass —Dbasa1)] X 100

Where Dgryg = intraluminal diameter in the presence of either SKA-31 or ACh, Dpgsa) =
intraluminal diameter under basal myogenic tone at 70 mmHg and Dpass = maximal
intraluminal diameter at 70 mmHg in bath solution containing 2 mM EGTA with no added
CaCl,.

Maximal inhibitory responses and ICgq values for SKA-31 evoked inhibition of myogenic
tone in cremaster and middle cerebral arteries were determined from fitting the data
presented in Figure 1C to the Hill equation as follows:

SKA—31—induced inhibition of myogenic tone=Rmax/(14(ICs0/[drug])™)

Where Rmax = the calculated maximal extent of drug-induced inhibition, ICsg is the
calculated drug concentration producing half-maximal inhibition, [drug] are the SKA-31
concentrations used experimentally and N = the calculated Hill coefficient. In the case of
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ACh, we set a threshold inhibitory response of 10%; any vessels in which administration of
ACh, either 0.5 uM or 3 uM, did not produce at least 10% inhibition of myogenic tone were
not included in the analysis.

2.2 Reagents

Acetylcholine chloride, DMSO (dimethyl sulfoxide), L-NAME (NC-Nitro-L-arginine
methyl ester), apamin, pinacidil and all required chemicals to prepare physiological
solutions were purchased from Sigma-Aldrich (Oakville, ON, Canada). NS1619 and
penitrem-A were obtained from Santa Cruz Biotechnology (Dallas, TX). Euthanyl (sodium
pentobarbital, 250 mg/ml) was purchased from Bimeda-MTC Animal Health Inc.,
Cambridge, ON, Canada. SKA-31 (naphtho[1,2-d]thiazole-2-ylamine) and TRAM-34 (1-
[(2-chlorophenyl)diphenylmethyl]-1H-pyrazole) were synthesized as previously

described 1017,

SKA-31, UCL1684 and TRAM-34 were were all prepared as stock solutions (5 mM or
higher) in DMSO and then diluted directly into the external bath solution. The final
concentration of DMSO reaching the tissue was typically 0.05% (vol/vol) or less. In control
experiments, we examined the potential effect of a higher concentration of DMSO (0.2%
final) on myogenic tone development and responsiveness to acetylcholine and SKA-31 in
cremaster and middle cerebral arteries (n = 2 for each). In both types of arteries, 0.2%
DMSO had no effect on vessel function or drug-evoked vasodilation (data not shown).

2.3 Statistical Analyses

Responses to either SKA-31 or acetylcholine at a given concentration were compared
between cremaster and middle cerebral arteries using a Student’s t-test. Concentration-
dependent responses to SKA-31 in one artery type or the other were analyzed using one-way
ANOVA and a Tukey’s post-hoc test. A calculated P value of less than 0.05 was taken to
indicate a statistically significant difference. All data are reported as mean = SEM of the
indicated number of vessels examined.

3. Results

3.1 SKA-31 effectively inhibits myogenic tone in isolated cremaster and middle cerebral
arteries

In single cannulated rat cremaster or middle cerebral arteries, step-wise increases in
intraluminal pressure to a steady-state level of 70 mmHg initially produced increases in
vessel diameter, followed by the spontaneous development of myogenic tone (Figs 1A and
B). The absolute extent of myogenic constriction at 70 mmHg averaged 106.3 + 18.5 um
and 82.6 + 7.2 um in cremaster and middle cerebral arteries, respectively. Following
development of steady-state myogenic constriction, serial addition of the KCa channel
activator SKA-31 10 at increasing concentrations to the bath resulted in a progressive
inhibition of myogenic tone in both artery types that was reversible upon washout of
SKA-31. In an effort to “benchmark” the observed SKA-31 evoked responses, we exposed
arteries to a near maximal concentration of acetylcholine (ACh, 3 uM), an established
endothelium-dependent vasodilator. Brief exposure to ACh produced a robust and reversible
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inhibition of myogenic tone in both vessel types. Exposure of the vessels to Kreb’s buffer
containing 2 mM EGTA and no added CaCl, at the end of each experiment was utilized to
determine the maximal passive intraluminal diameter in each vessel type; these values
averaged 264.5 + 21.8 ym (n = 21) and 293.8 £ 16.1 um (n = 7) for cremaster and middle
cerebral arteries, respectively, in this series of experiments. Quantification of the SKA-31
and ACh-induced inhibition of myogenic tone in cremaster and cerebral arteries is provided
in Figure 1C. We did not observe a difference between cremaster (CM) and cerebral (CER)
arteries with respect to the ICsq values for SKA-31 evoked inhibition of myogenic tone (CM
=1.78 £0.12 puM; CER = 2.03 + 0.07 uM) (Fig. 1C) or the maximal extent of inhibition by
10 uM SKA-31 (CM =80.0 + 9.7%; CER = 68.20 + 10.8%) (Fig. 1D). For both cremaster
and cerebral arteries, the magnitudes of inhibitory responses to SKA-31 at 3 and 10 uM
concentrations were significantly larger than those observed at concentrations of 0.3 and 1
uM (P < 0.05).

3.2 Pharmacologic blockade of endothelial KCa2.3 and KCa3.1 channels prevents the
inhibition of myogenic tone by SKA-31

To establish the contribution of specific KCa channels to the SKA-31 and ACh-induced
inhibition of myogenic constriction in cremaster and middle cerebral arteries, we examined
the effects of these vasodilators in the presence of the KCa2.3 blocker UCL1684 and the
KCa3.1 blocker TRAM-34 18, As a small molecule, UCL1684 would be expected to access
the endothelial layer more effectively upon bath application compared with the larger,
peptidergic KCa2 channel blocker apamin. In a myogenically active cremaster artery, acute
exposure to either 3 uM SKA-31 or 0.5 pM ACh produced comparable inhibition of
myogenic tone that completely reversed upon washout of each agent from the bath.
However, in the presence of 0.5 uM UCL1684 + 1 uM TRAM-34, the SKA-31 and ACh-
evoked inhibitory responses were significantly blunted compared with the initial control
responses (Figure 2A) and we observed similar effects of UCL1684 + TRAM-34 treatment
in middle cerebral arteries (Fig. 2B). The impact of endothelial KCa2.3 and KCa3.1 channel
blockade on SKA-31 and ACh-induced inhibition or myogenic tone is quantified in Figure
2C. Interestingly, exposure to UCL1684 + TRAM-34 produced a modest, but significant
vasoconstriction in both cremaster (8.1 + 3.3 um, n = 10) and middle cerebral (13.9 £ 2.9
pum, n = 5) arteries, as evidenced by a reproducible decrease in intraluminal diameter. This
observation implies that the basal KCa2.3 and KCa3.1 activities oppose the development of
pressure-induced myogenic tone generated under baseline conditions.

3.3 Disruption of the endothelium prevents the vasodilatory effect of SKA-31

To investigate the requirement of a functionally intact endothelium for the inhibition of
myogenic tone by SKA-31, cremaster and middle cerebral arteries were pretreated by the
passage of an air bubble through the vessel lumen to physically disrupt endothelial integrity.
As displayed in Figures 3A and 3B, this manipulation did not interfere with the normal
development of myogenic tone, but completely prevented the vasodilatory action of
SKA-31. As expected, ACh-induced vasodilation was also abolished by endothelial
denudation in both types of arteries. In contrast, disruption of the endothelium did not
prevent relaxation of myogenically active arteries by either a nitrovasodilator (i.e. sodium
nitroprusside, SNP) or the Katp channel activator pinacidil, agents that are known to act
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directly on vascular smooth muscle to cause relaxation. The observed lower efficacy of
pinacidil to evoke vasodilation in middle cerebral arteries is consistent with an earlier
report 19, Quantification of the magnitude of vasodilation evoked by SKA-31, ACh, SNP
and pinacidil in endothelium intact and denuded arteries is provided in Figure 3C and D.

3.4 The inhibition of myogenic tone by SKA-31 is not affected by the eNOS inhibitor L-

NAME

Having established the essential role of the endothelium, we next examined the potential
contribution of endothelial nitric oxide synthase (eNOS) activity to the vasodilatory actions
of SKA-31 in these two vessel types, and utilized ACh-evoked vasodilation as a positive
control for eNOS participation. Inhibition of myogenic tone in response to 3 and 10 pM
SKA-31 and 0.5 pM ACh was first recorded in cremaster and cerebral arteries under control
conditions and then following treatment with the established eNOS inhibitor L-nitro-
arginine methyl ester (L-NAME, 0.1 mM) 20, As illustrated in Figure 4A, 3 uM SKA-31
produced comparable inhibition of myogenic tone in a cremaster artery in both the absence
and presence of L-NAME. In contrast, L-NAME treatment significantly blunted the ACh-
induced inhibition of myogenic constriction in the same vessel. As expected, inhibition of
myogenic by sodium nitroprusside (SNP, 10 uM) was unaffected by L-NAME treatment,
which is consistent with its direct vasodilatory actions on vascular smooth muscle 2L,
Similar responses to SKA-31, ACh and SNP were observed in middle cerebral arteries (Fig.
4B). The histogram in Figure 4C quantifies the extent of SKA-31, ACh and SNP-induced
inhibition of myogenic tone in the absence and presence of L-NAME treatment, along with
time control data for cremaster and cerebral artery responsiveness following repeated
exposures to SKA-31 and ACh (right hand columns of the histogram). Collectively, these
data demonstrate that SKA-31 induced inhibition of myogenic tone in cremaster and middle
cerebral arteries was unaffected by L-NAME treatment, in contrast to the significant
reduction in the ACh-evoked response by L-NAME in both vessel types. Interestingly, we
observed that exposure of myogenically active arteries to L-NAME alone produced a
modest and reversible constriction of intraluminal diameter, which averaged 12.3 + 4.1 um
and 8.7 + 3.3 um for cremaster (n = 10) and cerebral arteries (n = 8), respectively.

3.5 The inhibition of myogenic tone by SKA-31 is not altered by a blocker of BK¢4

channels

To further establish the selective activation of KCa2.3 and KCa3.1 channels by SKA-31 in
myogenically active vessels, cremaster and middle cerebral arteries were treated with 2 uM
penitrem-A, a highly selective pharmacologic blocker of large conductance, Ca2*-activated
K* (BKcg) channels 22, As shown in Figure 5, the extent of inhibition of myogenic tone by
SKA-31 was unaltered in the presence of penitrem-A and we also observed no effect of this
treatment on the vasodilatory action of the Katp channel activator pinacidil. However,
inhibition of myogenic tone by 20 uM NS1619, a pharmacologic activator of BK¢,
channels 2324, was largely prevented in the presence of penitrem-A and we further observed
a significant reduction in the magnitude of SNP-mediated vasodilation in cremaster and
cerebral arteries. The histograms in Figures 5C and 5D quantify the effect of penitrem-A on
the magnitude of inhibition induced by SKA-31, NS1619, pinacidil and SNP in cremaster
and middle cerebral arteries, respectively. Exposure to penitrem-A alone also produced a
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modest, yet significant decrease in intraluminal diameter in cremaster (14.6 + 1.5 um, n = 6)
and cerebral arteries (9.1 £ 3.1 um, n = 4), in agreement with the presence of active BK¢,
channels in myogenically contracted arteries 2527,

4. Discussion

The results of this study demonstrate that the second generation KCa2/3.1 channel activator
SKA-31 effectively inhibits myogenic tone with similar potency in isolated, pressurized
resistance arteries from two distinct vascular beds (i.e. skeletal muscle and cerebral
circulations). Functionally, SKA-31-induced inhibition of myogenic tone in both vessel
types was largely prevented by UCL1684 and TRAM-34, selective blockers of KCa2.x and
KCa3.1 channel, respectively (Figure 2), but was unaffected by penitrem-A, a blocker of
BKc, channels (Figure 5). Furthermore, endothelial denudation abolished the vasodilatory
action of SKA-31 in cremaster and cerebral arteries (Figure 3), thereby establishing the
endothelium as the exclusive site of action for SKA-31 and ruling out any direct
vasodilatory effect of SKA-31 on vascular smooth muscle. Collectively, these observations
are in agreement with the reported expression of both KCa2.3 and KCa3.1 channels in
vascular endothelium 228-30 and the lack of vasodilatory action of KCa activators in
resistance arteries lacking functional endothelium 8 and mice with genetic knockout of
KCa2.3 and KCa3.1 channels 631, The observed insensitivity of SKA-31-evoked
vasodilation to the eNOS inhibitor L-NAME in both cremaster and middle cerebral arteries
further indicates that eNOS activity per seis not required for the direct vasodilatory actions
of SKA-31 in small resistance arteries. This observation is supported by our recent data
obtained in the intact coronary circulation of rat heart, where acute increases in coronary
flow evoked by SKA-31 were unaffected by L-NAME treatment 32 and is further consistent
with data in which the vasodilatory action of NS309, a related KCa2/3.1 channel activator,
was unaffected by L-NAME in cremaster 8 and small mesenteric arteries 33. In addition,
endothelial KCa channel activators are reported to have significant vasodilatory effects in
eNOS knockout mice 3234, Taken together, these data support a mechanism in which KCa
channel activators cause vascular relaxation primarily by inducing endothelium-dependent
hyperpolarization of the surrounding smooth muscle, which is thought to involve electrical
charge transfer via myo-endothelial connections and the K*-evoked activation of smooth
muscle inward rectifier K* channels 2:3°, Smooth muscle hyperpolarization will decrease
Ca?* entry via voltage-gated, L-type Ca2* channels, thereby promoting de-activation of the
smooth muscle contractile machinery and relaxation.

Mechanistically, the independence of KCa channel activator-evoked relaxation from NO
synthesis may be explained by the fact that these activators on their own do not elevate
cytosolic free [Ca2*], which is an important stimulus for increasing Ca2*-dependent eNOS
activity 36. Although KCa channel activators indirectly increase the electrical driving force
for Ca2* entry, as a result of endothelial membrane hyperpolarization, a meaningful increase
in cytosolic free [Ca2*] via enhanced Ca2* influx will only occur in the presence of open
Ca?* entry channels at the endothelial cell surface (e.g. TRPC, Orai, etc.). In non-excitable
cells, opening of Ca%* entry channels at the plasma membrane typically follows agonist-
stimulated release of ER-stored Ca?* (i.e. SOCE) 37. As Ca?* store release is not triggered
by KCa channel activators, these agents alone do not elevate cytosolic free Ca2*, as we have
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previously reported 8. The fact that SKA-31 mediated inhibition of myogenic tone is
preserved in the absence of NO signalling 3234 further predicts that this vasodilatory
mechanism will be minimally impacted under conditions of reduced NO bioavailability (e.g.
endothelial dysfunction, atherosclerosis), which is observed in isolated hearts from type 2
diabetic rats 38. Our observations that L-NAME treatment alone produced a modest, yet
significant decrease in basal luminal diameter in both cremaster and cerebral arteries (Figure
4) suggest that active NO synthesis may be occurring under basal conditions in our
pressurized arteries; alternatively, L-NAME may be acting directly on vascular smooth
muscle to increase contractile tone, as previously described 3.

In cremaster arteries, inhibition of myogenic tone by the classical endothelium-dependent
vasodilatory hormone ACh was significantly blunted by selective blockers of endothelial
KCa2.3 and KCa3.1 channels (i.e. UCL1684 and TRAM-34, respectively) (Figure 2C) and
by treatment with the eNOS inhibitor L-NAME (Figure 4C). These observations are thus in
agreement with previous studies implicating both KCa channel activity and eNOS
stimulation in the endothelium-dependent vasodilation evoked by ACh and other Ca2*-
mobilizing hormones 4:°40-44 |n middle cerebral arteries, pharmacologic blockade of either
KCa2/3.1 channels or eNOS also produced quantifiable decreases in ACh-induced
vasodilation (Figs 2C and 4D), although we did observe considerable experimental variation
in the magnitude of ACh-evoked dilation at moderate (0.5 uM, Figs. 2C and 4D) and high (3
UM, Fig. 1D) concentrations of ACh. Out of a total of 21 middle cerebral arteries examined,
a near-maximal concentration of ACh (i.e. 3 uM) inhibited myogenic tone by less than 10%
in 14 vessels; note that these 14 “ACh-unresponsive” arteries were omitted from all data
analysis (e.g. Figures 1C and 1D). Similar inconsistency in the evoked inhibition of
contractile tone in middle cerebral arteries by ACh and other endothelium-dependent
vasodilatory hormones has been described previously by other investigators 4548,
Interestingly, in the same 14 “unresponsive” cerebral vessels omitted from analysis, 10 uM
SKA-31 was found to inhibit myogenic tone by 58.0 + 2.5% (mean * SE, range of response
= 35.5 — 76.4%); this degree of inhibition by SKA-31 is not statistically different than that
observed for the 7 “ACh-responsive” cerebral arteries reported in Figure 1D. These
observations thus exclude the possibility that endothelial damage or dysfunction impaired
ACh responsiveness in these 14 cerebral vessels. Although the reason(s) for this variability
in ACh action remains unclear, it is possible that differences in the structural properties of
middle cerebral compared with cremaster arteries (e.g. extent and composition of the
extracellular matrix) 12 may contribute to this variability in hormonal sensitivity.

5. Conclusion

The results of our study demonstrate that direct activation of endothelial KCa2.3 and
KCa3.1 channels by SKA-31 is capable of producing robust and reversible inhibition of
developed myogenic tone in small resistance arteries from skeletal muscle and cerebral
circulations. The observed efficacy with which KCa channel activators inhibit myogenic
tone in a variety of arteries/vascular beds under normal and pathological conditions 3
indicates that the cellular mechanism(s) underlying this response is both widespread and
resilient. Pharmacologic manipulation of endothelial KCa channels may thus have beneficial
effects on vascular function under conditions in which endothelial NO bioavailability is
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ompromised and may provide therapeutic benefit in the treatment of cardiovascular-related
isorders 1549,
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Abbreviations

ACh acetylcholine

BKca large conductance, calcium-activated K* channel

DM SO dimethyl sulfoxide

EGTA ethylene glycol-bis(2-aminoethylether)-N,N,N',N'-tetraacetic acid
eNOS endothelial nitric oxide synthase

KCa calcium-activated K* channel

L-NAME NC nitro L-arginine methyl ester

NO nitric oxide

SOCE store-operated calcium entry

SKA-31 naphtho[1,2-d]thiazole-2-ylamine

TRAM-34 1-[(2-chlorophenyl)diphenylmethyl]-1H-pyrazole

TRPC transient receptor potential channel

UCL 1684 6,12,19,20,25,26-Hexahydro-5,27: 13,18:21,24-trietheno-11,7-metheno-7H-
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Figure 1.
SKA-31 inhibits myogenic tone in pressurized cremaster and middle cerebral arteries. In

single cannulated cremaster (panel A) and middle cerebral (panel B) arteries, step-wise
increases in intraluminal pressure resulted in the generation of spontaneous myogenic tone
and active vasoconstriction. Serial additions of SKA-31 (as indicated by the horizontal bars
above the tracing) produced a concentration-dependent inhibition of myogenic tone that was
reversible upon SKA-31 washout from the bath. Addition of a near-maximal concentration
of acetylcholine (ACh, 3 uM) also produced a rapid and reversible inhibition of myogenic
tone. Exposure of the vessel to Kreb’s buffer containing 2 mM EGTA and no added CaCl,
was performed at the end of the protocol to obtain the maximal passive vessel diameter at 70
mmHag. In panel C, the concentration-response data for SKA-31 evoked inhibition of active
tone were fit with a Hill equation (see Materials and Methods), yielding calculated maximal
levels of inhibition and 1Csq values for SKA-31 action in cremaster arteries (max inhibition
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=80.8 %, IC59=1.78 £ 0.14 uM, n = 21) and middle cerebral arteries (max inhibition =
64.5%, 1Cgy = 2.05 + 0.08 uM, n = 7). The histogram in panel D displays quantification of
SKA-31 and ACh-evoked inhibition of myogenic tone in cremaster and middle cerebral
arteries, as described under Methods and Materials. Data are presented as mean = SEM for
21 cremaster and 7 middle cerebral arteries. No difference in the % inhibition of myogenic
by SKA-31 at a given concentration was noted between cremaster and cerebral arteries. The
asterisk (*) indicates a statistically significant difference compared with the ACh-induced
inhibition observed in cremaster arteries, P < 0.05.
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Figure2.
SKA-31 and ACh-induced inhibition of myogenic tone are largely prevented in the presence

of UCL1684 + TRAM-34, blockers of KCa2.3 and KCa3.1 channels, respectively. Panel A
shows a representative tracing of vasodilatory responses evoked by SKA-31 and ACh ina
cremaster artery in the absence and presence of 0.5 yM UCL1684 + 1 uyM TRAM-34.
Following drug washout, the vessel was exposed to Kreb’s solution containing 2 mM EGTA
and no added CaCl, to determine the maximal passive diameter. The addition of individual
agents to the vessel chamber is indicated by the horizontal bars placed above and below the
tracing. Panel B shows a parallel experiment carried out using a middle cerebral artery. Note
that the observed inhibitory responses to ACh and SKA-31 were unaffected by the order of
drug application during the experiment. The histogram in panel C quantifies the effects of
UCL1684 + TRAM-34 treatment on the SKA-31 and ACh-induced inhibition of myogenic
tone in cremaster and middle cerebral arteries. The asterisk (*) indicates a statistically
significant difference in magnitude compared with the control response observed in the
absence of KCa channel blockers, as determined by one-way ANOVA and a Tukey’s post-
hoc test, P < 0.05.
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Figure 3.
Endothelium denudation prevents SKA-31 and ACh-evoked vasodilation in cremaster and

middle cerebral arteries. Panel A shows a representative tracing depicting the vasodilatory
responses to 3 UM SKA-31, 0.5 uM ACh, 10 uM SNP and 5 uM pinacidil in a cremaster
artery in which an air bubble had been passed through the vessel lumen prior to the
development of myogenic tone. The representative tracing in panel B shows vasodilatory
responses to the same vasodilators in a middle cerebral artery in which the endothelium had
been disrupted by the introduction of an air bubble. The histograms in panels C and D depict
the magnitude of dilator-evoked inhibition of myogenic tone in cremaster (panel C) and
middle cerebral arteries (panel D) with intact endothelium (+) or physically disrupted
endothelium (-). Vasodilatory responses to SKA-31, ACh, SNP and pinacidil in
endothelium-intact vessels were derived from other experiments reported in this study; for
intact cremaster arteries, n = 6-14, for intact middle cerebral arteries, n = 4-7. For both
endothelium-denuded cremaster and middle cerebral arteries, average values were calculated
from 4 vessels of each type. Data are expressed as means + SEM. The asterisk (*) indicates
a statistically significant difference in the magnitude of inhibition compared with the intact
endothelium condition, as determined by an unpaired Student’s t-test (P < 0.05).
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Figure4.
SKA-31 evoked inhibition of myogenic tone is not blunted in the presence of the NO

synthase inhibitor L-NAME. Following development of stable myogenic tone, brief
exposure of a cannulated cremaster artery to 3 uM SKA-31, 0.5 uM ACh and 10 uM SNP
produced robust and reversible inhibition of developed tone (panel A). Re-exposure to
SKA-31, ACh and SNP was then carried out in the presence of 100 uM L-NAME, as
indicated by the horizontal bar beneath the tracing. Washout (W/O) of L-NAME from the
bath is also marked by a horizonatal bar. Panel B displays the same experimental protocol
applied to a cannulated middle cerebral artery. Quantification of the effect of L-NAME
treatment on the SKA-31, ACh and SNP-evoked inhibition of myogenic tone in cremaster
and middle cerebral arteries is shown in panel C. The left-hand columns display the control
dilatory responses to SKA-31, ACh and SNP, whereas the middle columns describe
responses to repeated exposures to these dilators in the presence 100 uM L-NAME (n = 3-
10 for cremaster, n = 3-8 for middle cerebral arteries). The right-hand columns display the
responses to SKA-31 and ACh in vessels treated with the saline vehicle used for L-NAME
suspension (n = 4 for both vessel types). The asterisk (*) indicates a statistically significant
difference in the magnitude of inhibition compared with the initial drug-evoked response, as
determined by one-way ANOVA and a Tukey’s post-hoc test (P < 0.05).
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Figurebs.
The BK¢, channel blocker penitrem-A does not impair the SKA-31-induced inhibition of

myogenic tone. The representative tracing in panel A shows vasodilatory responses to 3 uM
SKA-31, 10 uM SNP, 20 uM NS1619 and 5 pM pinacidil in a myogenically active
cremaster artery under control conditions and following exposure to 2 UM penitrem-A, as
indicated by the horizontal bar beneath the tracing. The washout (W/Q) of penitrem-A is
also marked by a horizontal bar. The tracing in panel B depicts the effect of penitrem-A
treatment on the inhibition of myogenic tone by the same set of agents in a middle cerebral
artery. The summary data presented in panels C and D display the degree of inhibition of
developed myogenic tone by SKA-31, SNP, NS1619 and pinacidil in the absence and
presence of penitrem-A treatment in cremaster (panel C, n = 6) and middle cerebral arteries
(panel D, n = 4). Data are expressed as means = SEM. The asterisk (*) indicates a
statistically significant difference in the magnitude of inhibition compared with control
condition, as determined by an unpaired Student’s t-test.
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