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Endothelium-derived hyperpolarizing factor (EDHF) is a

nitric oxide (NO) and prostanoid-independent mechanism,

which relaxes vascular smooth muscle cells by evoking

hyperpolarization. For a number of reasons, providing an

identity for EDHF has proved both problematic and

controversial. In part, this is because there may be a

number of EDHFs of variable importance throughout the

vasculature, and in part because in some vessels smooth

muscle hyperpolarization might result from the passive

spread of endothelial cell hyperpolarization. The latter is

thought to reflect myoendothelial coupling and to operate

in parallel or in place of a diffusible EDHF. However, from

a physiological standpoint what is clear is that EDHF has a

major functional influence on vascular smooth muscle

tone in small resistance arteries. Furthermore, it is equally

clear that whatever the precise factor or structures

responsible for EDHF-evoked vasodilatation, a crucial

early step involves potassium channel activation leading to

endothelial cell hyperpolarization. A characteristic feature

of this step is susceptibility to block with a combination of

the K+ channel blockers apamin and charybdotoxin, but

not with apamin and iberiotoxin (see Edwards & Weston,

2001; Busse et al. 2002). This reflects a pivotal role for

small- and intermediate-conductance calcium-activated

potassium channels (SKCa and IKCa channels) in the EDHF

response. Both of these K+ channel types have now been

shown to be localized on arterial endothelial cells, but are

not present on the smooth muscle (Edwards et al. 1998;

Doughty et al. 1999; Walker et al. 2001). It is the activation

of these K+ channels which causes endothelial cell

hyperpolarization leading to smooth muscle

hyperpolarization and relaxation.

In spite of this pivotal role for SKCa and IKCa channels, the

possibility that each might provide an independent input

to the EDHF pathway has received little attention. As

recent evidence indicates that quite significant changes in

arterial SKCa levels and activity occur, for example, in

Rapid Report

Small- and intermediate-conductance calcium-activated K+

channels provide different facets of endothelium-dependent
hyperpolarization in rat mesenteric artery
G. J. Crane, N. Gallagher, K. A. Dora and C. J. Garland

Department of Pharmacy and Pharmacology, University of Bath, Bath BA2 7AY, UK

Activation of both small-conductance (SKCa) and intermediate-conductance (IKCa) Ca2+-activated

K+ channels in endothelial cells leads to vascular smooth muscle hyperpolarization and relaxation

in rat mesenteric arteries. The contribution that each endothelial K+ channel type makes to the

smooth muscle hyperpolarization is unknown. In the presence of a nitric oxide (NO) synthase

inhibitor, ACh evoked endothelium and concentration-dependent smooth muscle

hyperpolarization, increasing the resting potential (approx. –53 mV) by around 20 mV at 3 mM.

Similar hyperpolarization was evoked with cyclopiazonic acid (10 mM, an inhibitor of sarcoplasmic

endoplasmic reticulum calcium ATPase (SERCA)) while 1-EBIO (300 mM, an IKCa activator) only

increased the potential by a few millivolts. Hyperpolarization in response to either ACh or CPA was

abolished with apamin (50 nM, an SKCa blocker) but was unaltered by 1-[(2-chlorophenyl)

diphenylmethyl]-1H-pyrazole (1 mM TRAM-34, an IKCa blocker). During depolarization and

contraction in response to phenylephrine (PE), ACh still increased the membrane potential to

around –70 mV, but with apamin present the membrane potential only increased just beyond the

original resting potential (circa –58 mV). TRAM-34 alone did not affect hyperpolarization to ACh

but, in combination with apamin, ACh-evoked hyperpolarization was completely abolished. These

data suggest that true endothelium-dependent hyperpolarization of smooth muscle cells in

response to ACh is attributable to SKCa channels, whereas IKCa channels play an important role

during the ACh-mediated repolarization phase only observed following depolarization.

(Resubmitted 30 September 2003; accepted 6 October 2003; first published online 10 Octrober 2003)

Corresponding author C. Garland: Department of Pharmacy and Pharmacology, University of Bath, Bath BA2 7AY, UK.
Email: c.j.garland@bath.ac.uk

J Physiol (2003), 553.1, pp. 183–189 DOI: 10.1113/jphysiol.2003.051896

© The Physiological Society 2003 www.jphysiol.org



Jo
u

rn
al

 o
f P

hy
si

ol
og

y

association with liver cirrohosis and oestrogen deficiency

(Barriere et al. 2001; Liu et al. 2001), the importance of

defining the individual K+ channel inputs to EDHF-

evoked hyperpolarization and relaxation is clear. 

Electrophysiological studies generally use apamin and

charybdotoxin together to block EDHF hyperpolarization

in uncontracted arteries. Interestingly though, in both

rabbit and rat mesenteric arteries, apamin alone has been

reported to block hyperpolarization to ACh (Murphy &

Brayden, 1995; Chen & Cheung, 1997). However, during

contraction, maintaining smooth muscle impalements is

very difficult, so the effect of blocking either SKCa or IKCa

channels individually, on both hyperpolarization and

relaxation, has not been clearly demonstrated. A further

complication has been the fact that charybdotoxin blocks

smooth muscle large-conductance calcium-activated K+

channels (BKCa) and also voltage-dependent K+ channels

(KV), in addition to the endothelial IKCa channels. The

recent development of selective blocking agents for IKCa

channels (Wulff et al. 2000) has enabled assessment of the

input of each channel type to EDHF-evoked relaxation,

and shown that, individually, SKCa or IKCa appear to be able

to support relaxation to a similar extent (Hinton &

Langton, 2003). However, it is clearly important to know if

the underlying smooth muscle hyperpolarization has been

modified in any way, particularly with submaximal

relaxation and in light of recent evidence that the intensity

of constrictor stimulation modifies the mechanisms

responsible for EDHF-relaxation (Dora & Garland, 2001;

Richards et al. 2001; Dora et al. 2002).

We have used the recently developed, selective IKCa

blocker TRAM-34 (Wulff et al. 2000) and the selective SKCa

blocker apamin in both uncontracted and phenylephrine-

(PE) stimulated mesenteric arteries. Our aim was to

investigate the relative functional importance of SKCa and

IKCa channels for smooth muscle repolarization and

relaxation in precontracted arteries.

METHODS
Male Wistar rats (200–250 g) were killed by cervical dislocation
and exsanguination (schedule 1 procedure, UK Animals
(Scientific Procedures) Act 1986). A third order branch of the
superior mesenteric artery was cleared of adherent tissue and
mounted in Krebs buffer at 37° C in a small vessel myograph
(Danish Myotechnology, Denmark), at a tension equivalent to
that generated at 0.9 times the diameter of the vessel at 100 mmHg
(Garland & McPherson, 1992). Endothelium viability was
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Figure 1. Effect of apamin or TRAM-34 on smooth muscle hyperpolarization in response to
ACh
A and B, representative original traces show ACh cumulative concentration-increases in smooth muscle cell
membrane potential in rat isolated mesenteric arteries. Each dot represents the addition of ACh (log molar
concentration). A, in the presence of 100 mM L-NAME (Control in C) the impaled cell hyperpolarized from a
resting membrane potential (rmp) of – 53.5 mV (dashed line) to a maximum of – 78.1 mV. In the presence of
50 nM apamin (B) the rmp (–52.6 mV, dashed line) was not significantly increased. C, summarized data
showing the average change in membrane potential (DEm) to cumulative increases in [ACh] under control
conditions (rmp = –51.7 ± 0.6 mV, n = 17–25), and in the presence of 50 nM apamin
(rmp = –52.8 ± 1.0 mV, n = 5) or 1 mM TRAM-34 (rmp = –51.1 ± 1.0 mV, n = 6–7). Apamin alone was
fully able to abolish hyperpolarization to ACh, whereas TRAM-34 had no effect. * P < 0.05 vs. control.
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assessed by the ability of 1 mM ACh to induce > 95 % relaxation of
a submaximal contraction to phenylephrine (3 mM). The artery
was superfused (3–4 ml min_1) with oxygenated Krebs buffer at
37° C, and flow stopped during experimental recording, when the
buffer was maintained at 37° C in the myograph and drugs mixed
by continuous gassing with 5 % CO2–95 % O2. The NO synthase
inhibitor, Nv-nitro-L-arginine methyl ester (L-NAME, 100 mM)
was present throughout all experiments. Smooth muscle cells
were impaled with sharp glass electrodes (filled with 2M KCl, tip
resistances approximately 80–100 MV) and membrane potential
and tension were measured simultaneously (Garland &
McPherson, 1992)

Solutions and drugs
All experiments used Krebs buffer of the following composition
(mM): NaCl 118.0, NaHCO3 25.0, KCl 3.6, MgSO4.7H2O 1.2,
KH2PO4 1.2, glucose 11.0, CaCl2 2.5. Drugs were all from Sigma
except for apamin (Latoxan), 1-ethyl-2-benzimidazolinone
(1-EBIO, Aldrich) and 1-[(2-chlorophenyl) diphenylmethyl]-
1H-pyrazole (TRAM-34,  an IKCa blocker, a gift from Dr H. Wulff,
University of California Irvine, USA). 1-EBIO, cyclopiazonic acid
(CPA) and TRAM-34 were each dissolved in DMSO and then
diluted. Preliminary experiments indicated that the DMSO
vehicle control had no effect. All other stock solutions were
prepared using distilled water.

Data analysis
Results are summarized as means ± S.E.M. of n replicates. Raw data
were compared using one-way analysis of variance, and changes in
membrane potential and percentage relaxation were compared
using the Mann-Whitney test. P < 0.05 was considered statistically
significant.

RESULTS
Membrane potential changes in uncontracted
arteries
In the presence of L-NAME, ACh evoked reproducible,

concentration- and endothelium-dependent smooth

muscle hyperpolarization in arteries of 200–300 mm

(o.d.). From a threshold concentration of ~30 nM, ACh

increased resting potential from –51.7 ± 0.6 mV to a

maximum of –74.6 ± 0.9 mV (with 3 mM ACh), equivalent

to an increase of 22.7 ± 1.1 mV (n = 25, Fig. 1).

Hyperpolarization of a similar maximum amplitude was

evoked with 10 mM CPA (_53.7 ± 0.8 mV to –70.6 ±

1.7 mV, an increase of 16.9 ± 1.7 mV, n = 9, Fig. 2), but

only a very small hyperpolarization was recorded in

response to 300 mM 1-EBIO, an activator of IKCa channels

(4.3 ± 1.2 mV increase to –55.3 ± 1.3 mV, n = 7).

Neither apamin nor TRAM-34 alone altered the smooth

muscle resting potential (apamin: _52.8 ± 1.0 mV, n = 5;

TRAM-34: _51.1 ± 1.0 mV, n = 7). However,

hyperpolarization in response to either ACh or CPA was

abolished in the presence of apamin (50 nM), but

unaltered with 1 mM TRAM-34 (ACh maximum increase:

24.4 ± 2.4 mV, n = 7; CPA maximum increase:

15.5 ± 1.5 mV, n = 3; Figs 1 and 2) or 10 mM ryanodine

(ACh maximum increase: 20.8 ± 1.7 mV, n = 3).

Membrane potential and tension changes in the
presence of phenylephrine
PE (0.6 mM) provoked sustained smooth muscle

depolarization (to –40.0 ± 1.1 mV) and contraction (to

15.9 ± 0.9 mN, n = 15), often with the generation of

spontaneous, depolarizing spike discharges. ACh (3 mM)

hyperpolarized the membrane potential to –70.7 ± 0.8 mV

and caused a simultaneous relaxation of 96.7 ± 0.5 %

(n = 15). In the presence of 50 nM apamin, the membrane

potential and contraction with PE were _40.8 ± 1.8 mV

and 11.7 ± 0.5 mN (n = 5), and the hyperpolarization to

ACh was significantly suppressed, such that the membrane

potential now only attained –58.8 ± 1.5 mV. This increase

in potential was associated with a maximum relaxation of

89.3 ± 2.4 % (n = 5; Figs 3A and 3C). In contrast, 1 mM

TRAM-34, did not block the ability of ACh-

hyperpolarization to overshoot the original membrane

potential. The membrane potential and contraction with

PE were _35.4 ± 1.8 mV and 13.0 ± 1.0 mN (n = 5),

respectively, in this series. ACh increased the potential to

–68.7 ± 1.0 mV associated with 96.4 ± 1.5 % relaxation

(n = 5, Fig. 3C). In contrast, when apamin and TRAM-34

were present in combination (membrane potential and

contraction to PE of –37.5 ± 2.1 mV and 14.2 ± 1.3 mN,

n = 3), both hyperpolarization and relaxation was

abolished (Figs 3B and 3C), and a slight depolarization and

contraction recorded (to –36.9 ± 1.9 mV from

–37.4 ± 2.1 mV and _13.6 ± 12.7 % of maximum

relaxation, n = 3, respectively) However, marked

hyperpolarization (to –78.6 ± 1.4 mV) and relaxation

(93.5 ± 0.6 % of maximum, n = 3) could then be

stimulated by the addition of the KATP channel activator,

3 mM levcromakalim (Fig. 3B). 300 mM 1-EBIO, which did
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Figure 2. Effect of apamin or TRAM-34 on smooth muscle
hyperpolarization in response to CPA
Under control conditions, cyclopiazonic acid (CPA, 10 mM)
hyperpolarized smooth muscle cells by an average of
16.9 ± 1.7 mV (n = 9). This hyperpolarization was abolished in the
presence of 50 nM apamin (n = 5), but unaffected by 1 mM

TRAM-34 (n = 3). * P < 0.05 vs. control. DEm, change in membrane
potential.
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not hyperpolarize uncontracted arteries by more than a

few millivolts, now reversed the depolarization to PE,

increasing the membrane potential from –37.2 ± 3.9 mV

to –56.9 ± 0.7 mV (original resting membrane potential

(rmp) –51.2 ± 1.7 mV), associated with 97.5 ± 0.7 %

relaxation (n = 3).

Thus, ACh increased the membrane potential to a similar

value whether or not the arteries were contracted to PE,

while apamin abolished any significant increase beyond

the level of the normal resting potential (Fig. 4).
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Figure 3. Effect of apamin and TRAM-34 on smooth muscle hyperpolarization in response to
ACh in the presence of phenylephrine
A and B, representative records show simultaneous smooth muscle cell hyperpolarization and relaxation in
response to ACh in rat isolated mesenteric arteries contracted with phenylephrine. Dots represent addition
of ACh (log molar concentrations). A, in the presence of 100 mM L-NAME (Control) 0.6 mM phenylephrine
caused depolarization from –52.5 mV (rmp, dashed line) to – 44.6 mV and contraction from 2.3 mN (resting
tension, dashed line) to 16.0 mN. ACh stimulated hyperpolarization to levels beyond rmp (maximum
–70.1 mV), associated with almost complete relaxation. B, in the combined presence of 50 nM apamin and
1 mM TRAM-34, 1.3 mM phenylephrine stimulated depolarization from –51.5 mV to –39.3 mV and
contraction from 3.2 mN to 15.4 mN. Under these conditions, ACh was unable to stimulate
hyperpolarization or relaxation, but the subsequent addition of 3 mM levcromakalim (indicated by arrow)
was able to stimulate hyperpolarization (to – 81.3 mV) and relaxation. C, summarized data showing the
average change in smooth muscle membrane potential (DEm, top panel) and tension (% Relaxation, bottom
panel) to cumulative increases in [ACh]. TRAM-34 had no effect on ACh responses, whereas apamin
prevented hyperpolarization beyond rmp with slightly reduced relaxation. The combination of apamin plus
TRAM-34 abolished hyperpolarization or relaxation to ACh.
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DISCUSSION
The activation of both SKCa and IKCa channels in the

arterial endothelium is a key step leading to the smooth

muscle hyperpolarization and relaxation ascribed to

EDHF (Bolz et al. 1999; Busse et al. 2002). Our data

indicate that EDHF hyperpolarization in non-contracting

arteries (true hyperpolarization) can be explained solely by

the activation of SKCa channels, while during smooth

muscle depolarization and contraction with PE, EDHF

hyperpolarization can be separated into two components,

reflecting separate input from SKCa and IKCa channels. In

the presence of TRAM-34 to block IKCa channels, EDHF

hyperpolarization increases the membrane potential to the

same level as it does in the absence of PE. The

depolarization is reversed and membrane potential

overshoots resting levels to approach the equilibrium

potential for potassium, associated with 100 % relaxation.

With apamin present to block SKCa channels, EDHF

hyperpolarization only increases the membrane potential

back to the original resting potential (repolarization), but

this change is still sufficient to evoke complete relaxation.

So the ability of SKCa channels to drive membrane

potential beyond resting values may indicate a distinct

physiological role for this component of the EDHF

response, perhaps analogous to the after-

hyperpolarization in neurones.

CPA evoked endothelium-dependent hyperpolarization

of similar magnitude to the EDHF-hyperpolarization with

ACh. In both cases, hyperpolarization was blocked by

apamin but unaffected by TRAM-34, indicating a selective

activation of SKCa channels. Interestingly, neither apamin

nor TRAM-34 alone caused depolarization or contraction

in the wire-mounted mesenteric arteries, indicating that

the basal levels of Ca2+ are not sufficient to activate either

SKCa or IKCa in these vessels. The concentration of TRAM-

34 used in the present study has been shown selectively to

block IKCa currents in dispersed rat carotid endothelial

cells, with higher concentrations not affecting either BKCa,

Kv or ATP-sensitive (KATP) currents (Eichler et al. 2003).

The selectivities of both TRAM-34 and apamin, together

with the inability of the IKCa activator 1-EBIO to stimulate

more than a few millivolts of hyperpolarization, provide

data which are consistent with a predominant role for SKCa

channel activity in the EDHF response in uncontracted

arteries. Of course, 1-EBIO does have other actions apart

from activating IKCa, so for example in the mesenteric

artery it stimulates smooth muscle relaxation by an

undefined mechanism in far lower concentrations than

those required for hyperpolarization. However, the

endothelium-dependent hyperpolarization that is evoked

with 1-EBIO (≥100 mM) in this artery appears only to

reflect activation of IKCa (Walker et al. 2001).

Overall, these data are supported by previous reports that

apamin alone can block ACh evoked hyperpolarization in

rabbit and rat mesenteric arteries (Murphy & Brayden,

1995; Chen & Cheung, 1997). In the latter study, the rat

superior mesenteric artery was used and an attempt was

made to unravel the relative importance of apamin- and

charybdotoxin-sensitive channels in contracted arteries.

However, the overall magnitude of hyperpolarization to

ACh only increased by a couple of millivolts during

contraction, probably because the EDHF response in the

superior mesenteric artery is much less than in the smaller

resistance size arteries we used (Hwa et al. 1994). This,

together with the use of charybdotoxin, meant that no clear

conclusion could be made with regard to the relative

importance of the different types of K+ channel (Chen &

Cheung, 1997). In fact, sensitivity to charybdotoxin was

interpreted to indicate a role for BKCa channels, even though

by that time EDHF responses were known to be resistant to

block with iberiotoxin (Zygmunt & Högestatt, 1996).

When mesenteric arteries were contracted with PE,

separate and selective block of IKCa (with TRAM-34) or

SKCa (with apamin) did not alter the ability of EDHF fully

to relax the arteries (Hinton & Langton, 2003). However,

we now show that smooth muscle hyperpolarization is

altered in this artery by a similar pharmacological

manipulation. Although TRAM-34 did not modify

hyperpolarization or relaxation, the former was

attenuated by around 20 mV with apamin. These

observations raise the possibility that each channel type

may serve a separate physiological role, particularly if they

are activated individually. In neurones, SKCa channel

activation underlies the overshoot of resting potential, or

medium and slow after-hyperpolarization, which slows

the rate of action potential firing (Kohler et al. 1996;

SKCa and IKCa and EDHF in resistance arteriesJ Physiol 553.1 187

Figure 4. Effect of apamin on smooth muscle
hyperpolarization in response to ACh
Scatter of individual impalements, showing the maximum steady-
state membrane potential in response to 3 mM ACh with or without
50 nM apamin present, and in both uncontracted arteries or
arteries contracted with phenylephrine (PE). Each horizontal line
represents the mean for that data set. Membrane potentials
achieved with ACh were independent of resting potential in the
absence but not the presence of apamin.
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Hosseini et al. 2001). This raises the possibility that SKCa

channels may perform an equivalent role in the mesenteric

artery, by ‘buffering’ excitation. An ability to operate

around and in excess of the resting membrane potential

will mean that hyperpolarization can be sustained as long

as the intracellular calcium concentration ([Ca]i) is

sufficiently high. Smooth muscle membrane potentials in

pressurized mesenteric arteries are between 5–8 mV less

then in wire-mounted vessels of similar size (Wesselman et
al. 1997), allowing for more hyperpolarization. In smaller

mesenteric arteries, which develop myogenic tone, this

mechanism may then provide a key negative control on

decreases in artery diameter. This suggestion is supported

by very recent data from a transgenic mouse (SK3T/T),

which has elevated SK3 in the arterial endothelium (three

subtypes of SKCa, SK1, SK2 and SK3, have been identified;

Kohler et al. 1996). In isolated pressurized mesenteric

arteries, the SK3 channels were responsible for a sustained

smooth muscle hyperpolarization, such that enhanced PE

or pressure-induced constriction was obtained when

apamin was applied (Taylor et al. 2003). The apparent

inability of IKCa to increase the membrane potential much

above –55 to – 60 mV, suggests that these channels will

only provide a significant input to the EDHF response

when the smooth muscle cells are depolarized, for example

by sympathetic nerve stimulation.

Two important questions then arise, how could

endothelial cell SKCa and IKCa channels be activated

independently and why are the IKCa channels unable to

develop as much hyperpolarization as the SKCa channels?

As neither channel type displays any voltage sensitivity, the

answer in both cases is likely to relate, at least in part, to

[Ca2+]i. Although the concentrations of Ca2+ required for

half maximum activation of SK1 and SK2 are 456–700 nM

(Kohler et al. 1996; Pedarzani et al. 2001), the channels in

endothelial cells are almost certainly SK3 (Burnham et al.
2002; Eichler et al. 2003). SK3 channels are much more

sensitive to [Ca2+]i, and have a similar apparent EC50 to

IKCa (104.2 nM, Carignani et al. 2002). This similarity

suggests that any differential activation is likely to reflect

distinct subcellular localization within endothelial cells.

As CPA can mimic the EDHF hyperpolarization, it is

unlikely that a close or restricted relationship between

internal calcium release sites and the SKCa channels is the

explanation. It is more likely that the Ca2+ influx channel is

closely associated with SKCa channels. Although the

subcellular topography of SKCa and IKCa channels versus
Ca2+ entry sites in endothelial cells is unknown, close

coupling does exist with SKCa channels in other cells. In

hippocampal neurones, Ca2+ entry through L-type voltage-

dependent Ca2+ channels (VDCC) links selectively to SKCa

activation, with the delay between opening of the different

channels indicating a separation of 50–150 nm (Marrion &

Tavalin, 1998). A similar profile was observed in urinary

bladder smooth muscle cells, where VDCC were thought to

associate closely with SKCa channels and global rises in

[Ca2+]i, whereas Ca2+ release through ryanodine receptors

selectively activated large-conductance Ca2+-activated K+

channels, and not SKCa (Herrera & Nelson, 2002). This

relationship does not always exist, as in both colonic

smooth muscle cells and some hippocampal neurones, the

release of Ca2+ from ryanodine-sensitive stores can also

activate SKCa (Torres et al. 1996; Koh et al. 1997). The lack

of block with ryanodine in the present study suggests this to

be an unlikely mechanism in the mesenteric artery

endothelial cells. However, this does not preclude

activation by InsP3-mediated Ca2+ release from the

endoplasmic reticulum. Indeed, spontaneous, ryanodine-

insensitive focal release of Ca2+ from internal stores can

occur in vascular endothelial cells (Burdyga et al. 2003).

Further, although VDCC are absent from endothelial cells,

the channels responsible for Ca2+ influx associated with

store depletion could clearly activate SKCa. But while either

of these channels could potentially provide local

communication with SKCa, thus explaining a lack of IKCa

activation at rest, high concentrations of ACh have been

shown to increase endothelial cell Ca2+ fairly uniformly in

uncontracted, superior mesenteric arteries (Oishi et al.
2001). Interestingly, Oishi et al. (2001) found that direct

smooth muscle stimulation with PE indirectly increased

Ca2+ in discrete clusters of endothelial cells. Presumably,

due to Ca2+ or InsP3 flow through myoendothelial gap

junctions, as in arterioles (Dora et al. 1997). So it may be

that IKCa channels are localized near myoendothelial gap

junctions, and effective inflow of Ca2+ must accrete with

endothelial cell [Ca2+]i in order to activate IKCa.

Whatever the precise explanation, endothelial cell

stimulation with ACh evokes EDHF hyperpolarization of

the resting membrane potential which appears to be

mediated entirely by the activation of endothelial cell SKCa

channels, probably SK3 channels. When the vascular

smooth muscle is depolarized and contracted, both SKCa

and IKCa channels can contribute to hyperpolarization and

relaxation, although the IKCa channels are not able to

increase the membrane potential beyond resting levels,

presumably reflecting the [Ca2+] in their microdomain.

These individual characteristics may reflect different

cellular locations for each channel type, and may link to

defined physiological roles.
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