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BACKGROUND AND PURPOSE

Rosiglitazone is an anti-diabetic drug improving insulin sensitivity and glucose uptake in skeletal muscle and adipose tissues.
However, several recent clinical trials suggest that rosiglitazone can increase the risk of cardiovascular ischaemia, although
other studies failed to show such risks. Therefore, the effects of rosiglitazone on the coronary circulation and any potential
vascular targets need to be elucidated. Here, we show that the vascular isoform of the ATP-sensitive K* (Karp) channel is
inhibited by rosiglitazone, impairing physiological regulation of the coronary circulation.

EXPERIMENTAL APPROACH

The Kir6.1/SUR2B channel was expressed in HEK293 cells and studied in whole-cell and inside-out patch configurations. The
Langendorff heart preparation was used to evaluate rosiglitazone in the coronary circulation of wild-type (WT) and Ki6.1-null
(Kcnj87~) mice.

KEY RESULTS

Kir6.1/SUR2B channels in HEK cells were inhibited by rosiglitazone in a membrane-delimited manner. This effect was markedly
enhanced by sub-micromolar concentrations of glibenclamide and the ICs, for rosiglitazone fell to 2uM, a therapeutically
achievable concentration. In the Langendorff heart preparation rosiglitazone inhibited, concentration-dependently, the
coronary vasodilation induced by isoprenaline, without affecting basal coronary tone. Effects of rosiglitazone on coronary
perfusion were attenuated by more than 50% in the Kcnj8/~ mice, supporting the involvement of Kxre channels in this effect
of rosiglitazone on the coronary circulation.

CONCLUSIONS AND IMPLICATIONS
These results indicate that the vascular Karp channel is one of the targets of rosiglitazone action, through which this drug may
compromise coronary responses to circulating vasodilators and perhaps also to metabolic stress.

Abbreviations
Karp, ATP-sensitive K*; VSM, vascular smooth muscles; WT, wild-type

Introduction rily by activating the peroxisome proliferator-activated

receptor-gamma (PPAR-y) (Duan et al., 2008), rosiglitazone
Rosiglitazone is one of the two thiazolidinediones currently has three major effects on the pathogenesis of type-2 diabetes
available for the treatment of type-2 diabetes mellitus. Prima- mellitus and its complications: (i) it improves insulin
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resistance and has been successfully used to achieve glycae-
mic control in a manner that is at least as effective as the
sulphonylureas and metformin; (ii) rosiglitazone activates
PPAR-y and regulates adipocyte proliferation and lipid
storage, improving lipid profile; and (iii) through the PPAR-y
in vascular tissues, rosiglitazone interferes with the processes
of foam cell formation and inflammatory responses, reduces
lipid deposition in the vessel wall, and thereby attenuates the
development of atherosclerosis (Barnett, 2009). Despite these
beneficial outcomes, recent clinical studies have raised the
issue of the potential cardiovascular risks in rosiglitazone
users (Zinn efal., 2008; Kaul etal., 2010). A large meta-
analysis clinical trial suggested a 43% increase in risk of
myocardial infarction in patients treated with rosiglitazone
(Nissen and Wolski, 2007). This study was followed by a
number of additional reports using an alternative analysis of
the same data, new meta-analyses and observational studies
on both rosiglitazone and pioglitazone, the other clinically
used thiazolidinedione (Home et al., 2007; Gerstein et al.,
2008; Mannucci et al., 2008; Duckworth et al., 2009; Psaty
and Furberg, 2007; Vanasse et al., 2009). The results, however,
were rather variable and inconsistent. Thus, more direct evi-
dence for any impairment of coronary circulation and the
potential vascular targets is needed for an effective and appro-
priate application of the drug in the treatment of type-2
diabetes mellitus.

A potential target molecule of rosiglitazone on the vascu-
lar wall is the ATP-sensitive K* (Karp) channel composed of
Kix6.1/SUR2B subunits (channel nomenclature follows Alex-
ander etal., 2009) expressed in vascular smooth muscle
(VSM). Numerous vasodilator and vasoconstrictor hormones
act on this K* channel (Quayle et al., 1997; Ashcroft, 2006;
Nichols, 2006; Shi et al., 2007a,b; Yang et al., 2008). The Kxrp
channel is also regulated by several metabolites. This metabo-
lite sensitivity allows the channel to regulate the vascular
tone and regional blood flow according to the metabolic state
in local tissues under both physiological and pathophysi-
ological conditions (Ashcroft, 2006; Yang et al., 2010; 2011).
Thus, dysregulation of such a critical channel in the vascula-
ture could affect coronary responses to circulating vasodila-
tors, which in turn may be influenced by rosiglitazone. In
order to test this hypothesis we performed these studies and
our results showed that the Kgr6.1/SUR2B channel was
strongly inhibited by rosiglitazone and this channel inhibi-
tion compromised the vasodilatory response of the coronary
circulation.

Methods

Expression of Karp channel in HEK293 cells

The HEK293 cells were cultured in DMEM/F12 medium at
37°C with 10% fetal bovine serum and penicillin/
streptomycin in the presence of 5% CO,. A eukaryotic expres-
sion vector pcDNA3.1 was used to express rat Kg6.1
(GenBank Accession # D42145) in the cells together with
SUR2B (GenBank # D86038, mRNA isoform NM_011511).
Lipofectamine®* (Invitrogen Inc., Carlsbad, CA) was used for
transfection. Each 35 mm Petri dish containing the cells was
transfected with 1 ug Kir6.1 and 3 ug SUR2B. Green fluores-
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cent protein cDNA (0.4 ug, pEGFP-N2, Clontech, Palo Alto,
CA) was included in the cDNA mixture to facilitate the iden-
tification of positively transfected cells. Cells were split and
transferred to cover slips after 12-18 h of transfection. Experi-
ments were performed on the cells on cover slips during the
following 12-48 h. The HEK cells express endogenous
B-adrenoceptors whose activation enhances the Kyp channel
activity through the PKA signalling system (Shi et al., 2007b;
Yang et al., 2008). Thus, the Kyp channel modulation by
rosiglitazone was also studied by activating the endogenous
B-adrenoceptors.

Electrophysiology

Patch clamp experiments were carried out at room tempera-
ture as described previously (Wang et al., 2003; Shi etal.,
2007a,b; 2008a,b; 2010; Yang et al., 2008; 2010). The bath
solution contained (in mM): KCL 10, potassium gluconate
135, EGTA 5, glucose 5 and HEPES 10 (pH 7.4). The pipette
was filled with a solution containing (in mM): KCI 10, potas-
sium gluconate 133, EGTA 5, glucose 5, K,ATP 1, NaADP 0.5,
MgCl, 1 and HEPES 10 (pH 7.4). Whole-cell currents were
recorded in single-cell voltage clamp with holding potential
0 mV and step to —-80 mV for 1 s. To avoid nucleotide degra-
dation, all intracellular solutions were freshly made and used
within 4 h.

Recordings were made with the Axopatch 200B amplifier
(Axon Instruments Inc., Foster City, CA). The data were low-
pass filtered (2 kHz, Bessel 4-pole filter, -3 dB), and digitized
(10 kHz, 16-bit resolution) with Clampex 9 (Axon Instru-
ments Inc.). Single-channel currents were recorded from
inside-out patches with a constant single voltage of —60 mV.
Higher sampling rate (20 kHz) was used to digitize the cur-
rents recorded from inside-out patch. Data were analysed
using Clampfit 9 (Axon Instruments Inc.).

Langendorff-perfused hearts

All animal care and experimental procedures were in com-
pliance with an approved protocol by the Institutional
Animal Care and Use Committees (IACUC) at Georgia State
University. Male wild-type (WT) C57BL/6 mice weighing 20
to 30 g (8 to 14 weeks of age) were deeply anaesthetized
followed by removal of the heart. The heart was transferred
to ice-cold (4°C) Krebs-Henseleit (KH) solution (composition
in mM): 119.0 NaCl, 4.7 KCl, 2.5 CaCl,, 2.5 MgSO,, 25.0
NaHCO;, 1.2 KH,PO,, 0.5 disodium EDTA and 10 glucose
(pH 7.4). The aortic root was quickly cannulated and
flushed gently with KH solution to remove blood in the
coronary arteries. The heart was then placed in an organ
bath and perfused with KH solution at a constant pressure.
The reservoir was maintained at a fixed height above the
heart to keep the perfusion pressure at approximately 80 cm
H,O. The KH solution was bubbled with a mixture of 95%
0,-5% CO, and the perfusate temperature was maintained
at 35°C using a warming coil. The isolated heart was
constantly bathed in a small chamber (-2 mL) with the
perfusate constantly flowing through the coronary
arteries. The flow rate from the heart was measured by
collecting the overflow fluid from the chamber at five
minute intervals.
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Figure 1

Inhibition of the Kir6.1/SUR2B channel by rosiglitazone. (A) The HEK cell was co-transfected with Kig6.1 and SUR2B. Inward currents were studied
2 days after transfection using symmetric concentrations of K* (145 mM) applied to the bath and pipette solutions. Membrane potentials were
held at 0 mV and stepped to —80 mV in every 3 s. The cell showed small currents at baseline (BL). The currents were strongly activated by 10 uM
pinacidil (Pin). At the maximum channel activation the application of rosiglitazone (RSG) led to concentration-dependent inhibitions of the
Kir6.1/SUR2B currents. The currents were further inhibited by 10 uM glibenclamide (Glib). (B) In the same condition, the Kir6.1/SUR2B currents
were activated by isoprenaline (Isop) via the HEK cell-endogenous -adrenoceptor as shown previously (Shi et al., 2007b). The currents had almost
the same sensitivity to rosiglitazone. Note that there is a 1 min gap during isoprenaline exposure. (C) When both currents are plotted against
rosiglitazone concentrations, the pinacidil-activation currents overlie the isoprenaline-activated currents. Rosiglitazone produced concentration-
dependent inhibition of the Kiz6.1/SUR2B currents activated by both pinacidil and isoprenaline. (D,E) Rosiglitazone did not have any evident effect
on the basal Kir6.1/SUR2B currents before the currents were activated by pinacidil. The current amplitude with rosiglitazone treatment remained
the same as the baseline (arrows). Similar results were found in another cell (n = 4 to 7 patches from different cells).

strongly activated the inward K* currents that were subse-
quently inhibited by 10 uM glibenclamide, a Kir» channel
blocker. These pinacidil/glibenclamide-sensitive currents
were exogenous as pinacidil/glibenclamide had very little
effect on the HEK cells transfected with the expression vector
alone (Figure S1A). Therefore, these Kirp channel activator
and inhibitor were used to determine the expression of the
channel in HEK cells.

Exposure to rosiglitazone produced an inhibition of the
pinacidil-activated current (Figure 1A). The channel inhibi-
tion occurred within 1 min, and showed a clear concentra-
tion dependence (Figure 1C). A complete reversal was seen

Data analysis
Data were evaluated using Student’s f-tests and ANOvA, and
statistical significance was deemed acceptable when P < 0.05.

Materials

Rosiglitazone was purchased from Cayman Chemical
Compamy (Ann Arbor, MI, USA). Pioglitazone, pinacidil, gly-
benclamide and isoprenaline were purchased from Sigma
Chemicals (St. Louis, MO, USA).

Results

Whole-cell K* currents were recorded from HEK cells trans-
fected with Kjz6.1/SUR2B in single-cell voltage clamp. Sym-
metric concentrations of K* (145 mM) were applied to the
bath and pipette solutions. The membrane potential was held
at 0 mV and stepped to =80 mV for 1s. This protocol was
repeated every 3 s. Under this condition, the cells showed a
very small basal current (Yang et al., 2010; 2011). Adminis-
tration of 10 uM pinacidil, a selective Kyrp channel activator,
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after removal of rosiglitazone (Figure S1B). When the Kiz6.1/
SUR2B current was activated by the B-adrenoceptor agonist
isoprenaline (1 uM), treatment of the cell with rosiglitazone
led to a similar channel inhibition (Figure 1B). Indeed, the
current activated by isoprenaline had almost the same sensi-
tivity to rosiglitazone as the current activated by pinacidil
(Figure 1C). Rosiglitazone had no evident effect on the basal
current before the Kjz6.1 /SUR2B channel was activated by
pinacidil (Figure 1D,E). In the presence of rosiglitazone, pina-
cidil (10 uM or 100 uM) did not activate the Ki6.1 /SUR2B
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Figure 2

(A) Pioglitazone (PIOG) inhibited the Kir6.1/SUR2B currents only modestly. Pin, pinacidil; Glib, glibenclamide. (B) Kir6.1/SUR2B currents were
insensitive to 3 uM pioglitazone and showed rather small response to 30 uM pioglitazone. (C) In comparison to rosiglitazone (RSG), the effect of
pioglitazone was significantly smaller. *P < 0.05, **P < 0.01, compared with each other (n=9 to 11).

current, although the channel activity normalised after the
washout of rosiglitazone (Figure S1B,C). In contrast, another
thiazolidinedione, pioglitazone, caused only modest inhibi-
tion of the Kg6.1 /SUR2B current, at 3 and 30uM
(Figure 2A,B). Thus, compared with rosiglitazone, the effect
of pioglitazone was much weaker (Figure 2C).

In order to understand the biophysical mechanisms of the
channel inhibition, we studied the Ky6.1/SUR2B currents in
inside-out patches. The effect of rosiglitazone was mediated
by suppression of the channel open state probability without
affecting the unitary conductance (Figure 3A,B). The channel
inhibition was reversible and showed concentration depen-
dence. The current-concentration relationship is described
using the Hill equation with ICs, of 10 uM and h of 1.2
(Figure 3C).

As a number of type-2 diabetes mellitus patients are pre-
scribed rosiglitazone together with sulphonylureas which
inhibit the Kup channel, we studied the combined effect of
rosiglitazone and glibenclamide. In the presence of 0.25 uM
glibenclamide, the effect of rosiglitazone was markedly
potentiated with the ICs, now falling to 2uM (h 2.0)
(Figure 3C). Both these rosiglitazone and glibenclamide con-
centrations are achieved therapeutically. Serum concentra-
tion of rosiglitazone may be raised above these levels as a
result of impaired drug metabolism and genetic variations of
individual patients and hence, an inhibition of the Kump
channel may well take place in these patients, compromising
their cardiovascular function.

In the Langendorff heart preparation, the perfusate
through the coronary circulation was collected and measured

at 5 min intervals under constant pressure (80 cm H,O). The
viability of the preparation was confirmed by the following
criteria (i) was the heart beating spontaneously or responsive
to isoprenaline in the perfusate, and (ii) was the perfusion
volume increased in the presence of isoprenaline. Our results
showed that rosiglitazone (30 uM or 100 uM) had no signifi-
cant effect on the basal perfusion volume of the heart from
the WT mice (Figure S2). The perfusion volume rose rapidly
when the perfusate contained isoprenaline (a 1.30 mL
increase or 86.8%). During the period of isoprenaline-
induced coronary vasodilation, exposure to rosiglitazone
resulted in a concentration-dependent decrease in the perfu-
sion volume (Figure 4A), that is, 30 or 100 uM rosiglitazone
reduced the perfusion volume by 0.41 mL or 0.85 mL respec-
tively and this effect of rosiglitazone was reversible
(Figure 4A,B). Similar results were obtained in studies using
pinacidil-induced coronary vasodilation (Figure 4C, D).
Moreover, another known Kgy6.1 inhibitor glibenclamide
showed similar inhibitory effects on perfusion volume in the
presence of isoprenaline or pinacidil (Figure S3A,B).

In the Langendorff hearts of Kcnj8”~ mice (lacking the
Kir6.1 channel) prepared identically to the WT mice, an
exposure to 100 nM isoprenaline led to a rather small and
inconsistent vasodilation, with no discernable effects of
rosiglitazone. Therefore 300 nM isoprenaline was used
instead of 100 nM in the hearts of the Kcnj8/~ mice and this
concentration of isoprenaline produced an increase in the
coronary perfusion volume (Figure 5A). The isoprenaline-
induced coronary vasodilation, however, was not affected
by 30 uM rosiglitazone in the Ki6.1-null hearts (Figure 5B).

British Journal of Pharmacology (2011) 164 2064-2072 2067
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Membrane-delimited inhibition of the Kiz6.1/SUR2B channel. (A) Single-channel K;z6.1/SUR2B currents were recorded in an inside-out patch from
an HEK cell with symmetric K* (145 mM) and a -60 mV membrane potential. (B) Single-channel activity shown in expanded scales (traces from
top to bottom are obtained from A at times marked a — e respectively). The currents were activated by pinacidil (Pin) and inhibited
dose-dependently by rosiglitazone (RSG). Washout of rosiglitazone with pinacidil-containing perfusate led to a complete recovery. Labels on the

left: C, closure; 1, 2, ..., n, the first, second. ..

nth openings. (C) The channel activity is a function of rosiglitazone concentration. Their

relationship is described using the Hill equation with ICso 10 uM and h 1.2 (n = 4 patches from different cells) for rosiglitazone alone and 2 uM

(h 2.0) in the presence of 0.25 uM glibenclamide (Glib; n = 4).

However, a concentration of 100 uM rosiglitazone reduced
the isoprenaline-induced coronary vasodilation by 18.4 =
9.5% (n = 6, Figure 5C in which the isoprenaline-augmented
flow was reduced from 1.23 mL to 1.07 mL). This weak
effect may be mediated by mechanisms other than interac-
tions with the K, channel. In the WT heart, the same
concentration of rosiglitazone reduced coronary vasodila-
tion by 67.2 = 59% (n = 5, a 0.85mL decrease from
1.30 mL; P < 0.001).

Pinacidil had no vasodilatory effects in the Kcnj8”/~ hearts
(Figure S3A). In comparison with the 84.6% inhibition seen
in the WT hearts, glibenclamide did not reduce the
isoprenaline-induced coronary dilation in these mutant
hearts (Figure S3A,B). These results suggest strongly that the
Kir6.1/SUR2B channel is a major vascular target of rosiglita-
zone in the coronary circulation’s vasodilator response to
isoprenaline.

Discussion and conclusions

These studies are the first demonstration that rosiglitazone, at
therapeutically-achieved concentrations, prevented coronary
vasodilatory responses to the B-adrenoceptor agonist isopre-
naline. The effect is likely to involve the K;z6.1/SUR2B
channel that is expressed primarily in the VSM. Channel
activity was strongly inhibited by rosiglitazone when the
channel was activated by pinacidil or isoprenaline using the
whole-cell configuration. Cytosolic soluble factors did not
seem necessary for the channel inhibition as the rosiglitazone

2068 British Journal of Pharmacology (2011) 164 2064-2072

effect was seen in excised inside-out patches. Indeed the ICs,
of rosiglitazone was lower in inside-out patches than in the
whole-cell configuration.

Previous clinical studies have suggested that type-2 dia-
betes mellitus patients treated with rosiglitazone are at
increased risk of cardiovascular ischaemic events, (Nissen and
Wolski, 2007; Zinn et al., 2008; Kaul et al., 2010), although
such observations are not consistent (Home et al., 2007; Psaty
and Furberg, 2007; Gerstein et al., 2008; Mannucci et al.,
2008; Duckworth et al., 2009; Vanasse et al., 2009). The dis-
crepancies may be related to the many factors involved in
clinical studies, such as placebo- versus active-controlled
trials, patient demographics and treatment variations.

However, data from animal experiments suggest that
rosiglitazone has more beneficial than harmful cardiovascular
effects. The beneficial effects are likely to be due to the
improvement of metabolic profile and VSM remodelling,
whilst the deleterious effects might involve oxidative stress
and endothelial damage. (Wang et al., 2006; How et al., 2007;
Lu et al., 2008b; Kanda et al., 2009; Savoia et al., 2010; Torres
Tda et al., 2010; Yu et al., 2010). Some cardiovascular effects
of rosiglitazone have been studied using various animal
models of ischaemia and cardiac protection (Knock et al.,
1999; Khandoudi et al., 2002; Abe et al., 2008; Kilter et al.,
2009; Potenza et al., 2009; Wang et al., 2009; 2010). But direct
effects of rosiglitazone on the vessel tone and cardiac regional
blood flow has not been demonstrated.

As ion channel activity determines membrane potential,
excitability and contractility in VSM cells, the potential
involvement of these channels in the effects of rosiglitazone
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Figure 4

Effects of rosiglitazone on the coronary circulation of WT (Kcnj*’*) mice. (A) The perfusion volume (PV) increased markedly when there was
isoprenaline (Isop; 100 nM) in the perfusate. In the presence of isoprenaline, rosiglitazone (RSG) reduced the PV in a dose-dependent manner. (B)
Dose-dependent inhibition of isoprenaline-induced coronary vasorelaxation in two strains of mice in which the Kg6.1 channel is present. The PV
was normalized to the maximum PV during isoprenaline exposure as 100%. The isoprenaline-induced coronary vasorelaxation was suppressed by
32.6% and 67.2% in response to 30 uM and 100 uM rosiglitazone respectively. (C,D) Dose-dependent inhibition of pinacidil (Pin)-induced
coronary vasodilation. The pinacidil-induced coronary vasodilation was suppressed by 43.7% and 83.1% in response to 30 uM and 100 uM
rosiglitazone respectively. Data are presented as mean = SEM (n = 3 to 5 hearts). *P < 0.05; **P < 0.01; ***P < 0.001 compared with control.

has been studied and reported previously (Knock et al., 1999;
Mishra and Aaronson, 1999; Eto et al., 2001; Lu et al., 2008a;
Chang et al., 2009). Rosiglitazone inhibits Ca®* currents and
voltage-activated K' currents that play a role in cAMP-
mediated vasodilation (Eto et al., 2001; Li et al., 2003). More-
over, rosiglitazone activates Ca®-activated K' currents in
acutely dissociated mesenteric VSM cells (Eto et al., 2001; Lu
et al., 2008a). However, rosiglitazone does not induce vasore-
laxation of human subcutaneous small arterial rings precon-
stricted with noradrenaline (Walker etal., 1998). Also,
rosiglitazone inhibits glibenclamide-sensitive K* currents in
freshly isolated aortic myocytes (Chang et al., 2009), but does
not affect the vasorelaxation of endothelium-denuded
human internal mammary artery rings preconstricted with
noradrenaline and KCI (Irat et al., 2006). These inconsistent
findings may be due to differences in the experimental prepa-
rations employed and/or the presence of multiple ion
channel species in the preparations. Focusing on a specific
subunit, rosiglitazone has been shown to stimulate insulin
secretion in pancreatic beta cells via phosphorylation of the
Kir6.2 channel by AMP-dependent protein kinase (Chang
et al., 2009). In other studies, rosiglitazone has been shown to
block cardiac Karp channels and promote the onset of ven-
tricular fibrillation during severe ischaemia (Mishra and
Aaronson, 1999).

Our current studies indicate that the Ky6.1/SUR2B
channel is indeed a target of rosiglitazone as the Kir6.1/

SUR2B channel is inhibited by rosiglitazone. In WT and
Kiz6.1-null mice, inhibition of the Kiz6.1/SUR2B channel
leads to an impairment of coronary vasodilatory responses.
This Kz6.1/SUR2B channel is a common target of both
vasodilator and vasoconstrictor hormones and transmitters
that activate and inhibit the channel via distinct protein
phosphorylation (Ashcroft, 2006; Shi et al., 2007a,b; Yang
et al., 2008; Orie et al., 2009). Experimental genetic disrup-
tion of either Ky6.1 or SUR2B subunits leads to a defective
coronary circulation and sudden death (Chutkow et al., 2002;
Miki et al., 2002). We have shown that the inhibition of this
Karr channel by rosiglitazone disrupted coronary vasodilatory
responses to a B-adrenoceptor agonist. As the basal level of
channel activity is low under physiological conditions
(Quayle et al., 1997; Nichols, 2006), the inhibition of the Kurp
channel in VSM cells may not produce depolarization suffi-
cient to cause muscle contraction, which could explain the
lack of effect of rosiglitazone on basal vascular tone, as shown
in previous studies (Walker et al., 1998; Irat et al., 2006). Our
results have also shown that rosiglitazone did not affect the
basal Kix6.1/SUR2B currents. However, during stimulation of
the Ki6.1/SUR2B channel by activation with vasoactive
agents, rosiglitazone did impair coronary vasodilation. Under
patho-physiological conditions where critical and continu-
ous regulation of the coronary circulation is controlled by the
sympathetic/adrenal gland systems, it is very likely that Karp
channel inhibition induced by rosiglitazone therapy may

British Journal of Pharmacology (2011) 164 2064-2072 2069
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Figure 5

The effect of rosiglitazone on coronary PV in Kcnj8~~ mice. (A) In a Langendorf heart from a Kcnj8~”/~ mouse, isoprenaline (Isop; 300 nM) produced
coronary vasodilation. (B) The isoprenaline-induced coronary vasorelaxation was suppressed by 18.4% in response to 100 uM rosiglitazone (RSG),
while rosiglitazone at 30 uM had no evident effect on the PV. (C) In comparison with the WT hearts, the rosiglitazone effect on coronary circulation
was significantly lower in 30 uM and 100 uM (*P < 0.05; ***P < 0.001; n = 6).

compromise coronary circulation under circumstances when
vasodilation is essential, such as during elevated metabolic
activity, exercise and stress.

Using the Kcnj8~~ mice allowed us to estimate the contri-
butions of both the Kup channel-dependent and the K
channel-independent effects of rosiglitazone on the coronary
circulation. Rosiglitazone (100 uM) inhibited coronary perfu-
sion by ~19% in Kcnj8”~ mice and ~68% in the WT mice. This
difference indicates that >50% of the isoprenaline-induced
coronary vasodilation was inhibited by rosiglitazone via the
Karr channel, which is consistent with the idea that the vas-
cular Kyrp channel is the major target of rosiglitazone.

Our results indicated that the Kir6.1/SUR2B channel was
inhibited by rosiglitazone alone with an ICs, of 10 uM but the
ICso was lowered to 2 uM, in the presence of 0.25 uM glib-
enclamide. Both of these concentrations are within the range
of therapeutic concentrations in the treatment of type-2 dia-
betes mellitus (Coppack et al., 1990; Cox et al., 2000). Many
diabetics are prescribed combinations of rosiglitazone and
glibenclamide, hence it is likely that the vascular Kurr channel
is inhibited, at least partially, in these patients.

Interestingly, we found that pioglitazone at 30 uM pro-
duced only a modest inhibition of the vascular Kup channel.
We were unable to use pioglitazone in higher concentrations
as the compound from Sigma and LKT Lab were insoluble
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even with DMSO as a solvent. As 30 uM pioglitazone is a
higher concentration than the blood level in patients given
this drug, our results suggest that the vascular Karp channel
would not be significantly suppressed by therapeutic concen-
trations of pioglitazone, consistent with data from several
clinical trials (Wong et al., 2004).

In conclusion, the VSM isoform of the Ky channel was
inhibited by rosiglitazone. The channel inhibition is
membrane-delimited and seems to occur by direct interaction
with the channel protein. In the isolated perfused heart,
rosiglitazone did not affect the basal coronary circulation but
inhibited the B-adrenoceptor agonist-mediated and Kiz6.1/
SUR2B channel activator-induced coronary vasodilation. The
effect is likely to be mediated via the Kir6.1 channel as it was
markedly attenuated in hearts from Kcnj87~ mice. Therefore,
Kir6.1/SUR2B channel inhibition may be an important con-
tributory factor in myocardial ischaemia in diabetics who
have an underlying cardiovascular condition.
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Supporting information

Additional Supporting Information may be found in the
online version of this article:

Figure S1 (A) Pinacidil did not activate currents in non-
transfected HEK cells. (B) Reversible inhibition of Kir6.1/
SUR2B currents. Whole-cell recording was performed in an
HEK cell under the conditions shown in Figure 1. The cur-
rents activated by pinacidil were inhibited by 30 uM rosigli-
tazone by ~60%. The exposure to 10 uM glibenclamide
produced further current inhibition. The currents returned to
almost the pre-exposure level after washout with pinacidil-
containing solution, indicating that inhibition does not
result from channel rundown. (C) pinacidil (10 uyM and
100 uM did not activate the Kir6.1/SUR2B currents in pres-
ence of rosiglitazone, and the channel activation occurred
immediately after washout of rosiglitazone.

Figure S2 (A,B) Rosiglitazone in either 30 uM or 100 uM had
very little effect on basal perfusion volume.

Figure S3 (A,B) Glibenclamide produced about 85% inhibi-
tion of the isoprenaline-induced coronary dilation in WT
hearts. (C,D) In the Kcnj8/~ mouse heart, pinacidil did not
produce coronary dilation although isoprenaline was capable
of increasing the coronary perfusion to a less degree. Glib-
enclamide failed to reduce the perfusion volume. ***P <
0.001; n = 3.
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