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A key role for the subunit SUR2B in the preferential
activation of vascular KATP channels by isoflurane
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Background and purpose: It has been postulated that isoflurane, a volatile anaesthetic, produces vasodilatation through
activation of ATP-sensitive Kþ (KATP) channels. However, there is no direct evidence for the activation of vascular KATP channels
by isoflurane. This study was conducted to examine the effect of isoflurane on vascular KATP channels and compare it with that
on cardiac KATP channels.
Experimental approach: Effects of isoflurane on KATP channels were examined in aortic smooth muscle cells and
cardiomyocytes of the mouse using patch clamp techniques. Effects of the anaesthetic on the KATP channels with different
combinations of the inward rectifier pore subunits (Kir6.1 and Kir6.2) and sulphonylurea receptor subunits (SUR2A and SUR2B)
reconstituted in a heterologous expression system were also examined.
Key results: Isoflurane increased the coronary flow in Langendorff-perfused mouse hearts in a concentration-dependent
manner, which was abolished by 10mM glibenclamide. In enzymically-dissociated aortic smooth muscle cells, isoflurane
evoked a glibenclamide-sensitive current (i.e. KATP current). In isolated mouse ventricular cells, however, isoflurane failed to
evoke the KATP current unless the KATP current was preactivated by the Kþ channel opener pinacidil. Although isoflurane
readily activated the Kir6.1/SUR2B channels (vascular type), the volatile anesthetic could not activate the Kir6.2/SUR2A
channels (cardiac type) expressed in HEK293 cells. Isoflurane activated a glibenclamide-sensitive current in HEK293 cells
expressing Kir6.2/SUR2B channels.
Conclusion and implications: Isoflurane activates KATP channels in vascular smooth muscle cells and produces coronary
vasodilation in mouse hearts. SUR2B may be important for the activation of vascular-type KATP channels by isoflurane.
British Journal of Pharmacology (2006) 149, 573–580. doi:10.1038/sj.bjp.0706891; published online 25 September 2006
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Introduction

It has long been known that isoflurane, a volatile anaes-

thetic, produces vasodilatation (Eger, 1981). As the isoflur-

ane-induced vasodilatation was inhibited by glibenclamide,

it has been postulated that activation of ATP-sensitive Kþ

(KATP) channels in vascular smooth muscle cells is involved

in the vasodilatation (Cason et al., 1994; Crystal et al., 1997;

Zhou et al., 1998). However, there is no direct evidence for

the activation of vascular KATP channels by isoflurane. In

terms of effects of isoflurane on cardiac KATP channels,

apparently inconsistent results have been reported: Han et al.

(1996) reported that isoflurane inhibited the openings of

KATP channels in rabbit ventricular cells, whereas Kwok et al.

(2002) indicated that isoflurane facilitated the KATP channel

openings induced by metabolic blockade or the Kþ channel

opener pinacidil. Therefore, the first aim of this study was to

examine the effect of isoflurane on the KATP channel current

in vascular smooth muscle cells and to compare it with the

effect on cardiac KATP channel current.

Recently, the KATP channel has been described as a hetero-

octamer comprising two subunits: the pore-forming Kir6.x

(Kir6.1 or Kir6.2) and the regulatory sulphonylurea receptor

SUR (SUR1, SUR2A or SUR2B) (Seino and Miki, 2003).

Different combinations of Kir6.x and SUR constitute KATP

channels with distinct electrophysiological properties (In-

agaki et al., 1995, 1996; Gribble et al., 1997; Yamada et al.,

1997). Functional studies using genetically engineered mice

lacking various KATP channel subunits from this and other

laboratories (Suzuki et al., 2001, 2002; Chutkow et al., 2002;
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Miki et al., 2002) have indicated that Kir6.2 and SUR2A

constitute the cardiac-type KATP channel, whereas Kir6.1 and

SUR2B constitute the vascular smooth muscle-type KATP

channel. If some difference could be detected between the

effects of isoflurane on cardiac and vascular KATP channels,

it would be of interest to identify which subunit(s) of the

KATP channels were responsible for the different isoflurane

effects. Accordingly, the second purpose of this study was to

determine the effects of isoflurane on the KATP channels with

different combinations of Kir6.x and SUR subunits recon-

stituted in a heterologous expression system. By doing so,

we hoped to gain a greater insight into the molecule

with which isoflurane interacts in KATP channels in cardio-

vascular tissues.

Methods

All experiments were performed according to the regulations

of the Animal Research Committee of Chiba University

Graduate School of Medicine and the Guide for the Care and

Use of Laboratory Animals (NIH publication).

In vitro functional study using Langendorff-perfused hearts

C57BL/6 mice were purchased and used in this study. Mice

were anaesthetized with urethane (1.5 mg g�1 body weight,

intraperitoneally (i.p.)) and heparinized (0.1 U g�1 body

weight, intravenously (i.v.)). Hearts were rapidly excised

and connected to the perfusion cannula via the aorta, as

described previously (Suzuki et al., 2001). Retrograde perfu-

sion was maintained at a constant pressure of 80 cm H2O

with a modified Krebs–Henseleit solution containing

(in mM): NaCl 119, KCl 4.8, KH2PO4 1.2, MgSO4 1.2, CaCl2
1.8, glucose 10, NaHCO3 24.9. The perfusate was equilibrated

with 95% O2 and 5% CO2 (pH 7.4, 371C). Coronary flow was

monitored continuously using an ultrasonic flow probe

(Transonic Systems, Ithaca, NY, USA). Hearts were paced at

a constant rate (480 beats/min) through a bipolar platinum

electrode attached to the right atrium using an electronic

stimulator (Nihon Kohden, Tokyo, Japan). After a 10-min

stabilization period, the control perfusing solution was

changed to one that was bubbled with various concentra-

tions of isoflurane or others containing isoflurane and 10 mM

glibenclamide.

Cell culture and transfection

Human embryonic kidney (HEK)293 cells (American Type

Culture Collection, Rockville, MD, USA) were grown in

Dulbecco’s modified Eagle’s Medium (Sigma-Aldrich Japan,

Tokyo, Japan) supplemented with 10% foetal bovine serum

(Invitrogen Corp., Carlsbad, CA, USA) and 100 U ml�1

penicillin G and 100 mg ml�1 streptomycin (Sigma-Aldrich

Japan, Tokyo, Japan), and maintained at 371C in a humidi-

fied atmosphere with 95% air and 5% CO2. Transient

transfection was performed using lipofectAMINE Plus re-

agent (Invitrogen Corp., Carlsbad, CA, USA) according to the

manufacturer’s instructions. HEK293 cells were seeded on

glass coverslips and co-transfected with the expression vector

pCMV containing rat SUR2A or rat SUR2B and the pCMV

containing rat Kir6.1 or human Kir6.2 (these plasmids were

kindly provided by Dr S Seino, Kobe University) at a molar

plasmid ratio of 1:1. The amounts of vector per 35 mm dish

were as follows: 0.9 mg plasmid containing SUR2A or SUR2B

and 0.6mg plasmid containing Kir6.1 or Kir6.2. In general,

pEGFP-C1 vector (Clontech, Mountain View, CA, USA),

encoding for green fluorescent protein, was added for easy

identification of transfected cells; the procedure did not

affect the electrophysiological properties. Cells were allowed

to express transfected DNA for 48 h and were then used for

electrophysiological experiments.

Electrophysiology

Vascular smooth muscle cells. Single smooth muscle cells

were enzymically isolated from the adult mouse aorta. The

thoracic aorta was isolated from anaesthetized mice and

cleaned of fat and connective tissues. The aorta was

incubated in Hanks’ solution containing 0.4% of collagenase

for 40 min at 37.01C. The composition of the Hanks’ solution

was (in mM): NaCl 137, KCl 5.4, NaH2PO4 0.168, KH2PO4

0.44, glucose 5.6 and NaHCO3 4.17. The solution was aerated

with a mixture of 95% O2 and 5% CO2, and pH of the

solution was maintained at 7.2–7.4. The tissue was gently

agitated with a glass pipette.

Membrane currents were recorded at room temperature

using the whole-cell patch-clamp technique, as described

previously (Suzuki et al., 2001). The composition of the

extracellular high-K solution was (in mM): NaCl 2.9, KCl 140,

CaCl2 2.2, MgCl2 1.2, glucose 14, HEPES-KOH buffer 10

(pH 7.4), and that of the pipette solution was (in mM): KCl

140, MgCl2 4, K2-ATP 1, EGTA 10 and HEPES-KOH buffer 10

(pH 7.2).

Adult ventricular cells. Single ventricular cells of the adult

mouse heart were isolated by conventional enzymic diges-

tion (Sakamoto et al., 1998). Whole-cell membrane currents

were recorded at 36.01C by the patch-clamp method, as

described previously (Suzuki et al., 2001). The composition

of the pipette solution was (in mM): KCl 20, MgCl2 1,

K-aspartate 110, K2-ATP 1, phosphocreatine-K2 1, CaCl2 1.41,

EGTA 10 and HEPES 5 (pCa 8.0, pH 7.4). The external

solution used was HEPES-Tyrode solution containing

(in mM): NaCl 143, KCl 5.4, CaCl2 1.8, MgCl2 0.5, NaHPO4

0.33, glucose 5.5 and HEPES 5 (pH 7.4). A liquid junction

potential between the internal solution and the bath

solution of �8 mV was corrected. A ramp-pulse protocol

was used to record the quasi-steady-state membrane current,

as described previously (Sakamoto et al., 1998). The mem-

brane potential was held at �40 mV and depolarized first to

þ50 mV at a rate of 1.2 mV ms�1. It was then repolarized

or hyperpolarized to �100 mV with a slope of �1.2 mV ms�1,

during which time the changes in the membrane current was

automatically plotted against the membrane potential. The

current–voltage relation was measured during the repolar-

ized or hyperpolarized phase and the current level at 0 mV

was obtained. The ramp voltage pulses were applied at

appropriate timing.

Isoflurane on cardiac and vascular KATP channels
H Fujita et al574

British Journal of Pharmacology (2006) 149 573–580



Transfected HEK cells. The ionic currents through the

channels expressed in the HEK293 cells were recorded in

the whole-cell configuration of the patch-clamp technique.

The membrane potential was held at �40 mV and the same

ramp-pulse protocol as that in the experiments using mouse

ventricular cells was used to record the quasi-steady-state

membrane current. The current level at 0 mV was measured

and the current density was calculated by normalization

with the membrane capacitance. The pipette solution and

the extracellular solution were the same as those used for the

recording of the membrane currents in vascular smooth

muscle cells.

Statistics

All data are presented as mean7s.e.m. Statistical analyses of

the data were performed using two-way analysis of variance

(ANOVA) combined with Fisher’s post hoc test. Probability

values less than 0.05 were considered significant.

Drugs

The following drugs were used: isoflurane (Merck, Osaka,

Japan); glibenclamide (Sigma-Aldrich Japan, Tokyo, Japan);

pinacidil (Sigma-Aldrich Japan, Tokyo, Japan); and theophyl-

line (Wako, Osaka, Japan). Glibenclamide was dissolved in

dimethyl sulphoxide (final concentration of the solvent was

less than 0.1%) and pinacidil was dissolved in 0.1 N HCl as

stock solutions. Isoflurane was introduced into the oxygen

through Isoflurane Vapour (ACOMA I type MKIII, Tokyo,

Japan) and dissolved in the external solution. From the data

of a previous study in which isoflurane was vaporized into a

physiological solution (Ozaki et al., 1990), the concentration

of isoflurane in the solution dissolved at 4% would be

expected to be around 1.36 mM.

Results

Effects of isoflurane on coronary flow in isolated mouse hearts

Representative changes of coronary flow after isoflurane

alone and co-application of glibenclamide are shown in

Figure 1. Isoflurane increased the coronary flow in a

concentration-dependent manner. The coronary flow

decreased below the control level after co-application of

glibenclamide. Isoflurane dissolved at a concentration of 4%

doubled the coronary flow and this effect was abolished by

the addition of 10 mM glibenclamide. The Kþ channel

opener, pinacidil (10 mM), also doubled coronary flow and

this was also antagonized by the addition of glibenclamide.

Since it has been suggested that some of the activating

effect of isoflurane on KATP channels is mediated by

adenosine receptor stimulation (Gassmayr et al., 2003),

effects of isoflurane on the coronary flow were examined

in the presence of theophylline, a non-selective adenosine

receptor antagonist. Even in the presence of 100 mM theo-

phylline, isoflurane increased coronary flow from 1.1570.20

to 2.0970.09 ml min�1 (Po0.01, n¼ 5).

Effects of isoflurane on KATP current in vascular smooth muscle cells

Effects of isoflurane and pinacidil on the whole-cell

membrane current were examined in isolated aortic smooth

muscle cells. Pinacidil (10 mM) activated a glibenclamide-

sensitive inward current in smooth muscle cells held at

�40 mV in the high Kþ solution, as described previously

(Suzuki et al., 2001). As shown in Figure 2, isoflurane,

dissolved at a concentration of 4%, also activated a

glibenclamide-sensitive inward current in aortic smooth

muscle cells increasing almost six-fold the density of the

glibenclamide-sensitive inward current. The isoflurane-

induced increase in the inward current at �40 mV was

concentration-dependent and the current was readily

blocked by 10 mM glibenclamide.

Effects of isoflurane on KATP current in ventricular cells

Effects of isoflurane and pinacidil on the whole-cell

membrane current recorded using a ramp-pulse protocol

Figure 1 Changes of coronary flow after isoflurane and pinacidil in
Langendorff-perfused mouse hearts. (a) A representative increase
in coronary flow after isoflurane (Isof) bubbled at a concentration
of 4%. The increase in coronary flow was antagonized by 10mM

glibenclamide (Glib). Summarized data of peak coronary flow after
isoflurane and pinacidil (Pina) are indicated in (b) and (c),
respectively. Values are expressed as mean7s.e.m. of 6–8 prepara-
tions. Statistical analyses of the data were conducted using two-way
ANOVA combined with Fisher’s post hoc test.
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were examined in mouse ventricular cells. Isoflurane

dissolved at a concentration of 4% hardly affected or

slightly decreased the quasi-steady-state membrane

current (Figure 3a and b). However, pinacidil (50 mM)

increased the steady-state current at 0 mV from 3.470.7 to

14.273.1 pA pF�1 (Po0.01, n¼8), which was readily blocked

by 10 mM glibenclamide. Thus, pinacidil but not isoflurane

activated the glibenclamide-sensitive KATP current in mouse

ventricular myocytes.

Isoflurane was reported to sensitize the cardiac KATP

channel to pinacidil in guinea-pig ventricular myocytes

(Gassmayr et al., 2003). In their study, pretreatment with

isoflurane produced a higher density of the pinacidil-

induced KATP current than that induced by pinacidil alone

in guinea-pig ventricular cells. In this study, we also

examined effects of isoflurane on the KATP current pre-

activated by pinacidil in mouse ventricular cells. Pinacidil

at a concentration of 10 mM slightly increased the outward

Figure 2 Isoflurane-induced current in mouse vascular smooth muscle cells. Representative change of the inward current after isoflurane (Isof)
bubbled at a concentration of 4% is shown in (a). The inward current was sensitive to glibenclamide (Glib). The density of the glibenclamide-
sensitive inward current after isoflurane and pinacidil (Pina) in aortic smooth muscle cells held at �40 mV are indicated in (b). Values are
expressed as mean7s.e.m. of 5–12 cells. Statistical analyses of the data were conducted using two-way ANOVA combined with Fisher’s post
hoc test.
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Figure 3 Effects of isoflurane on the membrane current in mouse ventricular myocytes. Actual traces of the holding current at �40 mV are
depicted in (a) and (c). Current densities at 0 mV, measured by a ramp-pulse protocol (a voltage change from þ50 to �100 mV at a rate
of 1.2 mV ms�1), are summarized in (b) and (d). Isoflurane (Isof) alone failed to activate a glibenclamide (Glib)-sensitive outward current
(panels a and b). However, isoflurane transiently activated the KATP current when it was preactivated by a low concentration of pinacidil
(Pina) (panels c and d). The densities of the outward current at 0 mV after pinacidil, pinacidilþ isoflurane and pinaci-
dilþ isofluraneþglibenclamide are summarized in panel d. The peak and steady state (s.s.) current densities after the addition of isoflurane
are shown. Values are expressed as mean7s.e.m. of 8–10 cells. Statistical analyses of the data were conducted using two-way ANOVA
combined with Fisher’s post hoc test.
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current, as shown in Figure 3c. Addition of isoflurane

transiently increased and then suppressed the glibencla-

mide-sensitive outward current. When isoflurane (4%) and

pinacidil (10 mM) were introduced simultaneously, the stea-

dy-state current at 0 mV was not different from control

values.

Effects of isoflurane on recombinant KATP channels in HEK293

cells

In order to gain a greater insight into the molecular target for

isoflurane, we examined effects of isoflurane on recombi-

nant KATP channels expressed in HEK293 cells using patch-

clamp techniques. HEK293 cells were co-transfected with a

Kir6.1 or Kir6.2 subunit in combination with either of SUR2A

or SUR2B. Effects of isoflurane on Kir6.1/SUR2B channels,

representing smooth muscle-type KATP channels, are shown

in Figure 4a. Isoflurane dissolved at a concentration of

4% increased an inward current, which was sensitive to

10 mM glibenclamide. Effects of isoflurane on Kir6.2/SUR2A

channels, representing cardiac-type KATP channels, were also

examined. Isoflurane did not increase the inward current in

HEK293 cells transfected with Kir6.2 and SUR2A. After

washout of isoflurane, however, pinacidil (50 mM) activated

the inward current that was readily abolished by the addition

of 10 mM glibenclamide (Figure 4b). Since isoflurane activated

Kir6.1/SUR2B channels but not Kir6.2/SUR2A channels,

we examined the effect of the volatile anaesthetic on

Figure 4 Effects of isoflurane on recombinant KATP channels expressed in HEK293 cells. Representative changes of Kir6.1/SUR2B, Kir6.2/SUR2A
and Kir6.2/SUR2B channel currents after isoflurane (Isof), pinacidil (Pina) and glibenclamide (Glib) and the summarized data are shown in (a–c),
respectively. The membrane potential was held at �40 mV and the same ramp-pulse protocol as that in Figure 3 was used to record the quasi-
steady-state membrane current. The current level at 0 mV was measured and then the current density was calculated. Values are expressed
as mean7s.e.m. of nine cells. Statistical analyses of the data were conducted using two-way ANOVA combined with Fisher’s post hoc test.
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Kir6.2/SUR2B channels (Figure 4c). Isoflurane significantly

increased the inward current in HEK293 cells transfected

with Kir6.2 and SUR2B, although the time course of the

current activation was relatively slow.

Discussion and conclusions

In this study, isoflurane increased coronary flow in isolated

mouse hearts, which is consistent with coronary vasodila-

tion observed in hearts of other species including humans

(Reiz et al., 1983). As the isoflurane-induced increase of

coronary flow was abolished by co-administration of glib-

enclamide, the involvement of activated KATP channel in this

coronary vasodilatation seemed likely. We have provided

direct evidence that isoflurane can activate the KATP current

in isolated vascular smooth muscle cells. As far as we know,

this is the first report showing direct evidence for the

activation of KATP current by volatile anaesthetics in vascular

smooth muscle cells.

In terms of effects of isoflurane on cardiac KATP channels,

inconsistent results have been reported. Han et al. (1996)

reported that isoflurane inhibited the openings of KATP

channels in inside-out patches of rabbit ventricular cells.

However, it was reported that isoflurane potentiated the KATP

channel current induced by the Kþ channel opener pinacidil

or metabolic inhibition in guinea-pig ventricular cells

(Fujimoto et al., 2002; Kwok et al., 2002). In addition,

Gassmayr et al. (2003) demonstrated that pretreatment with

isoflurane increased the density of the KATP current induced

by pinacidil in guinea-pig ventricular cells. In this study,

isoflurane per se failed to activate the KATP current in mouse

ventricular cells. However, isoflurane transiently enhanced

the KATP current and then inhibited the current when the

KATP current was pre-activated by pinacidil. When both

isoflurane and pinacidil were applied simultaneously in

mouse ventricular cells, pinacidil failed to activate the KATP

current. Thus, the effects of isoflurane on cardiac KATP

channels are undoubtedly complex. Isoflurane has inhibit-

ing as well as activating effects on cardiac KATP channels

and the isoflurane effect appears to be dependent on the

experimental conditions, which might explain the incon-

sistencies in previous reports (Han et al., 1996; Kwok et al.,

2002).

The mechanism(s) by which isoflurane produced dual

effects on cardiac KATP channels could not be clarified from

this study. It was reported that isoflurane reduced the

openings of KATP channels at normal pH, but facilitated

them at reduced pH in inside-out patches of guinea-pig

ventricular cells (Stadnicka and Bosnjak, 2003). In addition,

the isoflurane-induced sensitization of the cardiac KATP

channel to pinacidil was ascribed to generation of reactive

oxygen species and/or activation of protein kinase C (An

et al., 2004; Marinovic et al., 2005). As anionic phospholipids

such as phosphatidylinositol 4,5-diphosphate are known to

modulate KATP channel activity (Baukrowitz et al., 1998;

Shyng and Nichols, 1998), isoflurane might affect cardiac

KATP channels through the changes of membrane phospho-

lipids. One possibility is that isoflurane might directly

inhibit cardiac KATP channels and indirectly activate them

through changes in membrane composition or second

messengers. However, this is entirely speculative and further

experimentation is needed to prove it. In this context,

halothane, another volatile anaesthetic, inhibited the KATP

current induced by metabolic inhibition, but did not affect

the current that evoked by pinacidil in guinea-pig ventri-

cular cells (Kwok et al., 2002), although the same anaesthetic

evoked coronary vasodilation probably through the activa-

tion of KATP channels (Crystal et al., 1997). Thus, it appears

that volatile anaesthetics including isoflurane do not easily

activate cardiac KATP channels under basal conditions,

although isoflurane can activate the channels under certain

conditions.

In this study, isoflurane activated the vascular-type Kir6.1/

SUR2B channels but not the cardiac-type Kir6.2/SUR2A

channels expressed in HEK293 cells, which is consistent

with the results of the experiments using mouse perfused

heart and vascular smooth muscle cells. Isoflurane also

activated Kir6.2/SUR2B channels, although the time course

of Kþ channel activation was relatively slow. Therefore,

SUR2B may be important for the activation of KATP channels

by isoflurane.

At the present time, it is difficult to decide whether the

isoflurane effect on KATP channels is due to direct interaction

with the KATP channel subunits or to secondary changes of

intracellular messengers. SUR2A and SUR2B differ by only 42

amino acids in the C-terminus, caused by alternative splicing

(Isomoto et al., 1996). The molecular mechanism by which

these 42 C-terminal amino acids determine the pharmaco-

logical characteristics of SUR2A and SUR2B is not fully

understood. Recently, it has been demonstrated that SUR2B

shows greater affinity to Kþ channel openers compared with

SUR2A, which is related to a difference in Mg-nucleotide

handling between these two SUR2 isoforms (Reimann et al.,

2000). In addition, several studies have suggested that

interaction of nucleotide-binding domains (NBD1 and

NBD2) with ATP and ADP and subsequent dimerization

may allosterically regulate pore openings (Yamada and

Kurachi, 2004; Yamada et al., 2004). They have suggested

that nucleotide-bound NBD1 and NBD2 more strongly

promote conformational changes in SUR2B than SUR2A

(Yamada and Kurachi, 2005). Isoflurane might facilitate the

dimerization of NBDs more efficiently in SUR2B than

SUR2A. Further experiments are required to clarify the

precise mechanism by which isoflurane activates KATP

channels via interaction with SUR2B.

Isoflurane was reported to produce a cardioprotective

effect, a phenomena known as cardiac preconditioning, in

experimental animals (Kersten et al., 1997; Ismaeil et al.,

1999). It has been postulated that cardiomyocytes have two

distinct types of KATP channels, that is, sarcolemmal KATP

channels and mitochondrial KATP channels, and mitochon-

drial KATP channels play an important role in cardiac pre-

conditioning, although the molecular identity of mito-

chondrial KATP channels remains unclarified (O’Rourke,

2004). It has been demonstrated that isoflurane activates

mitochondrial KATP channels, as shown by flavoprotein

oxidation (Kohro et al., 2001) and enhancement of diazoxide-

induced flavoprotein oxidation by isoflurane (Zaugg et al.,

2002). Such anaesthetic preconditioning through the activation
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of mitochondrial KATP channels may lead to more favourable

outcomes in patients undergoing coronary artery bypass

graft surgery (Zaugg et al., 2003a, b). In addition to the

protective effect of isoflurane on cardiomyocytes, the

coronary vasodilatation induced by isoflurane, as

observed in this study, may improve the perioperative

cardiovascular outcome in patients at high risk of cardiovas-

cular complications.

In summary, this study has demonstrated that isoflurane

activates KATP channels in vascular smooth muscle cells,

thereby producing coronary vasodilation and that the SUR2B

subunit is important for the isoflurane-induced activation of

vascular-type KATP channels.
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