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Perivascular adipose tissue is releasing a transferable adi-
pocyte-derived relaxing factor (ADRF),1 which produces 

relaxation through activation of potassium channels in vascu-
lar smooth muscle cells in visceral arteries (ADRF-K+ chan-
nel pathway).2,3 Although the nature of the factor(s) involved 
is a matter of debate, this paracrine regulation seems to be a 
general phenomenon in visceral, nonskeletal muscle arteries 
of rats, mice, and pigs, and involves potassium channels.1–11 It 
has been also identified in humans.5,12,13 The ADRF-K+ channel 

pathway is diminished in visceral arteries of spontaneously 
hypertensive rats (SHRs),6,9 angiotensin II infusion-treated 
hypertensive rats,14 and New Zealand obese (NZO) mice.10 
H

2
S, methyl palmitate, and angiotensin 1-7 (Ang 1-7) repre-

sent candidates or modulators of ADRF15–17 in visceral arter-
ies, with KCNQ channels being putative targets for ADRF to 
produce vasodilation by perivascular adipose tissue.16

In systemic arteries, K+ channels encoded by KCNQ 
genes are widely expressed, for example, in portal vein, 
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aorta and carotid, femoral, mesenteric, and renal arteries.18–23 
However, the role of KCNQ channels in periadventitial 
vasoregulation is largely unknown. We tested the hypothesis 
that KCNQ channels play a major role in the paracrine 
control of vascular tone of peripheral skeletal muscle arteries 
by perivascular adipose tissue in rats. We tested therapeutic 
targeting of KCNQ channels in the SHR model of impaired 
periadventitial vascular regulation and replicated our 
findings in another model of increased peripheral arterial 
resistance and systemic arterial hypertension, namely the 
NZO mouse model.

Methods
All of the methods are described in detail in the online-only Data 
Supplement.

Isometric Contractions of Rat Vessels
The investigation conforms with the Guide for the Care and Use of 
Laboratory Animals published by the National Institutes of Health 
(publication No. 85-23, revised 1996). Approval was granted by 
local review boards. Male Wistar or SHR rats were killed under 
ether narcosis. Isometric contraction of Gracilis muscle arteries 
was measured, whereby perivascular fat and connective tissue 
were either removed ([-] fat) or left intact ([+] fat; Figure 1A).1,2,4,10 
The Gracilis muscle arteries were stretched to their optimal lumen 
diameter24 and studied in standard physiological salt solution oxy-
genated with carbogen.

RT-Polymerase Chain Reaction
Total RNA was isolated using the RNeasy Mini Kit with a proto-
col closely resembling the manufacturer’s description. The result-
ing RNA preparation was checked for purity, and RNA was reverse 
transcribed with random primers. Aliquots of the resulting cDNA 
were used for the quantitative reverse transcription-polymerase 
chain reaction (PCR) using the SYBR Green Jump Start Taq Ready 
Mix. For comparison of channel expression between SHRs and 
Wistar rats, the ΔΔ-method was used.25 For demonstration of chan-
nel expression within Wistar rats, SYBR Green values of the indi-
vidual KCNQ channel were normalized to GAPDH. Qualitative 
RT-PCR was used to demonstrate KCNQ gene expression in ethid-
ium bromide gels.

Membrane Potential Recordings
Intracellular recordings of membrane potential in smooth muscle cells 
of intact arteries were made using microelectrodes filled with 3 mol/L 
KCl. The following criteria for acceptance of membrane potential 
recordings were used: (1) an abrupt change in membrane potential on 
cell penetration; (2) a constant electrode resistance when compared 
before, during, and after the measurement; (3) a stable reading of the 
membrane potential lasting >1 minute; and (4) no change in baseline 
when the electrode was removed.

Cell Isolation
A piece of a Gracilis muscle artery was placed into a microtube con-
taining 1 mL of an isolation solution containing 0.6 mg/mL of papain 
and 1.2 mg/mL of DL-dithiothreitol for 20 minutes at 37oC. Then, the 
artery was transferred into a microtube containing 1 mL of the isola-
tion solution supplemented with 1.2 mg/mL of collagenase F, 1.0 mg/
mL of trypsin inhibitor, and 0.5 mg/mL of elastase for 12 minutes at 
37oC. Single cells were released by trituration with a polyethylene 
pipette into the experimental bath solution.

Patch-Clamp Recording
All of the experiments were performed at room temperature in the 
whole-cell mode. Patch pipettes had resistances of 2 to 5 megaohms.
To reduce the contribution of BK channels, 10–7 mol/L of iberio-
toxin, a specific inhibitor of these channels, was added to the bath 
solution.

Blood Pressure Measurements
Systolic blood pressure (BP) in rats was measured using standard tail-
cuff methodology.26,27 Rats received vehicle (control), retigabine, or 
VRX0621688, respectively. We performed radiotelemetry on adult 
male C57Bl6 and NZO mice (34 weeks) as outlined elsewhere.28 
BP devices were implanted in mice. After 10 days, mice had recov-
ered from surgery and exhibited regular diurnal rhythms of activ-
ity. Mice received vehicle (control), retigabine, VRX0621688, and 
VRX0530727.

Statistics
All of the values are given as mean±SEM. Paired and unpaired 
Student t tests, as well as 1-way or repeated-measures ANOVA, were 
used as appropriate. A value of P<0.05 was considered statistically 
significant; n represents the number of arteries tested.
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Figure 1. Role of KCNQ channels in the 
anticontractile effects of perivascular fat 
in Wistar rat Gracilis muscle arteries. A, 
Representative picture of Gracilis muscle 
arteries with ([+] fat) and without ([-] fat) 
perivascular fat. Serotonin (5-HT) induced 
contractions of arteries with and without 
perivascular fat in the absence of any 
additional influence (B), in the presence 
of 2 mmol/L of 4-aminopyridine (4-AP; 
C) or 30 µmol/L of XE991 (D). *P<0.05, 
repeated-measures ANOVA.
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Results

Role of KCNQ Channels in Periadventitial 
Vasoregulation
Serotonin induced concentration-dependent contractions of 
Wistar rat Gracilis muscle arteries with and without peri-
vascular adipose tissue. The concentration-response curve 
of (+) fat vessels was shifted to the right of the concen-
tration-response curve of (−) fat vessels (n=6; Figure 1B), 
demonstrating the anticontractile effect of perivascular fat. 
The resting membrane potential was more hyperpolarized 
in (+) fat vessels (−50.9±1.0 mV; n=5), compared with (−) 
fat vessels (−45.2±2.5 mV; n=4; P<0.01). The anticontrac-
tile effect of fat was also observed in endothelium-denuded 
preparations (n=6; Figure S1, available in the online-only 
Data Supplement). There was no effect of fat on contractions 
induced by 30 to 120 mmol/L of KCl (n=20; Figure S2A). 
The effects of fat were blocked by 2 mmol/L of 4-amino-
pyridine (n=6; Figure 1C), an inhibitor of K

v
 channels,29 and 

by 30 µmol/L of XE991 (n=7; Figure 1D) or 100 µmol/L of 
linopirdine (n=7; Figure 2A and 2B), which are KCNQ chan-
nel inhibitors.30 In contrast, the effect of fat was not affected 
by 1 µmol/L of correolide (n=5; Figure 2C) and 100 nmol/L 
of stromatoxin (n=7; Figure 2D), specific inhibitors of K

v
1 

and K
v
2 channels, respectively,31,32 as well as by blockers tar-

geting other K+ channels (Figure S2B through S2D).
In freshly isolated Wistar rat Gracilis muscle artery 

smooth muscle cells exposed to a holding potential of 0 mV, 

a noninactivating outward current was observed (n=6; Figure 
3A and 3B). The KCNQ channel inhibitor XE991 reduced 
this current in a concentration-dependent manner with a half-
maximal effect at 9.6 µmol/L. The current was reduced by 
75% at saturating concentrations (n=5–8; Figure 3A through 
3C). Linopirdine produced a similar effect (Figure 3B, inset). 
In contrast, correolide did not affect the current (Figure 3E), 
and stromatoxin reduced the current only slightly (Figure 3F). 
Furthermore, XE991 at 30 µmol/L did not affect K

v
1.5 chan-

nels expressed in Chinese hamster ovary cells (Figure S3A), 
the predominant non-KCNQ K

v
 channel in the vessels stud-

ied (Figure S3B). Moreover, 30 µmol/L of XE991 evoked a 
considerable depolarization in smooth muscle cells of intact 
vessels (n=4–5; Figure 3D). This effect was associated with a 
small increase in basal tone but was not observed in response 
to 1 µmol/L of correolide or 100 nmol/L of stromatoxin (n=6; 
Figure S3C). In addition, we detected mRNA of KCNQ 1, 3, 
4, and 5 by reverse transcription-PCR (n=5) and quantitative 
reverse transcription-PCR (n=6) in intact rat Gracilis muscle 
arteries (Figure 3G and 3H), with KCNQ4 being the dominant 
vascular channel subtype.

In (−) fat vessels, the anticontractile effect of perivascular 
fat was mimicked by application of the KCNQ channel-
opener retigabine. In the presence of 10 µmol/L of retigabine, 
(−) fat vessels showed contractions to serotonin similar to (+) 
fat vessels without retigabine (n=5; Figure S4A and S4B). 
Retigabine produced concentration-dependent vasorelaxation 
of serotonin-precontracted rat Gracilis muscle arteries in an 
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Figure 2. Role of KCNQ channels in the anticontractile effects of perivascular fat in Wistar rat Gracilis muscle arteries. Serotonin  
(5-HT) induced contractions of arteries with and without perivascular fat in the presence of 100 µmol/L of linopirdine (original traces in A, 
summarized data in B), 1 µmol/L of correolide (C), or 0.1 µmol/L of stromatoxin (D). *P<0.05, repeated-measures ANOVA.
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endothelium-independent manner (n=5; data not shown), and 
its vasorelaxant effects were inhibited by high K+ (60 mmol/L) 
containing bath solutions (n=5; Figure S4C) and were reduced 
by XE991 (30 µmol/L; n=5; Figure S4D).

KCNQ Channel Openers Improve the Diminished 
Anticontractile Effects of Perivascular Fat in SHRs
We have previously reported diminished anticontractile 
effects of perivascular fat in mesenteric arteries of SHRs,6,9 
which can be explained by reduced expression of KCNQ4 
channels (Figure S5). In line, a reduced expression of 
vascular KCNQ4 channels contributing to increased 
contractility of aortas and mesenteric and renal arteries 
of SHRs was reported recently.22,23 However, Gracilis 
muscle arteries of SHRs exhibited normal KCNQ4 channel 
expression at the mRNA level (n=6; Figure 4A). In addition, 
XE991 at a saturating concentration of 100 µmol/L 
(compare Figure 3C) inhibited the outward current of 
freshly isolated Gracilis muscle artery smooth muscle cells 
from SHRs similarly compared with Wistar rats (Wistar, 
69.9±5.5% [n=6]; SHRs, 65.5±11.0% [n=8; P=0.67] at 
+10 mV). Moreover, 3 chemically distinct KCNQ channel 

openers, namely VRX0530727, VRX0621238, and 
VRX0621688, produced dose-dependent vasorelaxations 
of Gracilis muscle arteries of SHRs (for all 3 substances, 
n=4; precontraction level, ≈50% of KCl-induced control 
contraction), which were not different compared with 
Gracilis muscle arteries of Wistar rats (VRX0530727, 
n=4–6, Figure 4B and 4C; VRX0621238, n=4–6, data not 
shown; VRX0621688, n=4–6, Figure 4D). Nevertheless, 
a loss of the anticontractile effects of perivascular fat was 
observed in Gracilis muscle arteries of SHRs (n=5; Figure 
5A). An interesting effect was observed after treatment of 
(+) fat SHR Gracilis muscle arteries with KCNQ channel 
openers. The serotonin concentration-response curves of (+) 
fat vessels in the presence of 30 µmol/L of VRX0530727 
or 30 µmol/L of VRX0621688 were shifted to the right 
compared with (−) fat SHR vessels (n=5 each; Figure 5B 
and 5C), mimicking the normal situation of (+) fat and (−) 
fat in vessels of Wistar rats (compare Figure 1B). The (−) fat 
SHR Gracilis muscle arteries showed preserved capabilities 
of relaxation in response to VRX0621688 (Figure S6).

Systolic arterial BP was 190±3 mm Hg (n=5) and 
130±2 mm Hg (n=5) in SHRs and Wistar rats, respectively 
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(age 12–16 week each). Both retigabine and VRX0621688 
(9 mg/kg IP each) decreased BP by ≈8 mm Hg (n=5 in each 
group; Figure 5D).

Effects of KCNQ Channel Openers in NZO Mice
We previously reported diminished anticontractile effects 
of perivascular fat in mesenteric arteries of NZO mice, in 
which visceral obesity and body weight increase with age.10 

Retigabine at doses >15 mg/kg IP reduced mean arterial 
BP in normotensive control mice (n=4; Figure 6A); heart 
rate was not affected by retigabine. VRX0530727 induced 
similar effects (data not shown). Thirty-four-week–old NZO 
mice showed markedly elevated BP; mean arterial BP was 
≈140 mm Hg (Figure 6B). The most potent KCNQ channel 
opener, VRX0621688 (15 mg/kg IP), reduced mean arterial 
BP by ≈10 mm Hg (n=5; Figure 6B) without affecting heart 
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rate. Retigabine and VRX0530727 at this dose (15 mg/kg IP 
each) were less effective (data not shown). The BP-lowering 
effects of the KCNQ channel opener were not inhibited by 
ganglionic blockade with hexamethonium (10 mg/kg; n=6; 
Figure 6C and 6D).

Discussion
Our study generated 4 novel findings. First, perivascular adi-
pose tissue produces anticontractile effects in rat peripheral 
skeletal muscle arteries. These effects are not dependent on 
the endothelium. The KCNQ channel blockers XE991 and 
linopirdine inhibited the anticontractile effect of perivascu-
lar adipose tissue, suggesting that opening of smooth muscle 
KCNQ channels is involved. This suggestion is supported 
by the observation that correolide and stromatoxin did not 
affect the anticontractile effects of perivascular adipose tis-
sue. Second, anticontractile effects of perivascular adipose 
tissue are reduced in rat peripheral skeletal muscle arteries 
of SHRs. Third, 3 chemically distinct KCNQ channel open-
ers corrected the dysfunction of vascular regulation by peri-
vascular adipose tissue and the reduced peripheral resistance 
in SHRs. Fourth, KCNQ channel opening decreases arterial 
BP in 2 models of chronic metabolic vascular diseases and 
hypertension, in SHR and NZO mice, without affecting heart 
rate and without involvement of autonomic ganglionic mech-
anisms. Our study is the first report on periadventitial regu-
lation of peripheral skeletal muscle arteries by perivascular 
adipose tissue.

The paracrine vasoregulation by perivascular adipose tis-
sue is an important mechanism to control vascular tone and 
vascular homeostasis in visceral arteries.3 This vasoregulation 
occurs in different visceral vascular beds and species, includ-
ing rats,1–4,6,7 mice,10,11 pigs,8 and humans.5,12,13 The present 
study extends those findings to nonvisceral, peripheral skel-
etal muscle arteries. Both endothelium-independent1,2,7,13 and 

endothelium-dependent7,33 pathways have been suggested 
to play an important role. The nature of ADRF is largely 
unknown and may consist of several factors. ADRF is not 
adiponectin10 and does not involve functional leptin recep-
tors.1 Lee et al34 identified Ang 1-7 as perivascular derived 
relaxing factor; however, the effects of Ang 1-7 are medi-
ated via both endothelium and BK channels and not by K

v
 

channels.34 Both findings indicate that Ang 1-7 is not ADRF. 
Furthermore, methyl palmitate was reported as a novel can-
didate for periadventitial vasoregulation in the rat aorta.17 
Recent data indicate that H

2
S represents a candidate or mod-

ulator of ADRF.15,16 H
2
S activates K

v
 channels encoded by 

KCNQ genes, at least in visceral arteries such as rat aorta and 
mouse mesenteric arteries.16

In the present study, we used rat Gracilis muscle arteries 
to study periadventitial vasoregulation in peripheral skeletal 
muscle arteries. We found a strong anticontractile effect of 
perivascular fat in these vessels. The effect was blocked 
by 4-AP, XE991, and linopirdine. The blocking effect of 
4-AP2,6,9,10 points to an additional role of K

v
 channels in 

the anticontractile effect of perivascular fat, a nonselective 
block of native smooth muscle KCNQ channels by 4-AP or 
cooperative gating between K

v
/KCNQ channels by ADRF.35 

Of note, 4-AP does not discriminate between K
v
 channel 

subfamilies and, more importantly, has off-target adverse 
effects, in particular, on intracellular pH.36 Nevertheless, 
XE991 and linopirdine are currently the only available 
drugs to study the functional role of KCNQ channels. 
They have been successfully used to identify specific 
roles of KCNQ channels in the circulatory system.30,37 Of 
note, XE991 has been reported to reduce currents carried 
by heteromeric K

v
1.2/K

v
1.5 channels in HEK293 cells,38 

which have been suggested to be predominantly expressed 
in rat cerebral artery smooth muscle cells.39 In contrast, 
our real-time PCR analysis of rat Gracilis muscle arteries 
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Figure 6. Effects of KCNQ channel 
openers in New Zealand obese (NZO) 
mice. A, Mean arterial blood pressure 
(MAP) of control mice after IP injection 
of retigabine. B, MAP of control and 
NZO mice after injection of VRX0621688 
at 15 mg/kg IP. MAP of control mice 
after injection of retigabine (C) and 
VRX0621688 (D) at 30 mg/kg IP each 
after treatment of the animals with 10 mg/
kg of hexamethonium; NZO mice were 
34 weeks of age. *P<0.05; **P<0.01; 
***P<0.005, paired t test vs control.
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revealed a several-fold higher expression of K
v
1.5 channels 

compared with all of the other K
v
1 channels, as well as K

v
2 

channels. This finding suggests a predominant expression 
of homomeric K

v
1.5 channels in the vessel under study. In 

addition, our results show that homomeric K
v
1.5 channels 

expressed in Chinese hamster ovary cells were not affected 
by XE991 at the concentration used in our functional studies 
(30 µmol/L). Most importantly, the anticontractile effect of 
perivascular fat in Gracilis muscle arteries was not affected 
by correolide and stromatoxin, specific inhibitors of K

v
1 and 

K
v
2 channels, respectively,31,32 which are the other major K

v
 

channel subtypes expressed in arterial smooth muscle.39,40 
In addition, the anticontractile effect of perivascular fat 
was also not influenced by blockers targeting other non-
K

v
-type K+ channels expressed in vascular smooth muscle 

cells.29 Altogether, our results are consistent with the idea 
that XE991- and linopirdine-sensitive smooth muscle 
KCNQ-type K

v
 channels mediate the anticontractile effect 

of perivascular fat in rat Gracilis muscle arteries. KCNQ 
channels have not been identified in isolated adipocytes by 
patch-clamp studies. In our experiments addressing this 
issue, RNA yield from Gracilis muscle artery adipose tissue 
was very low, and all of the probes contained endothelial 
NO synthase mRNA, indicating that small arterioles or 
capillaries were present in the samples, although all of the 
visible blood vessels had been removed. Thus, to achieve 
an isolation of pure adipocytes from perivascular adipose 
tissue, novel methods are required and need to be developed 
in separate studies. Nevertheless, the present results argue 
against a leading role of KCNQ channels in perivascular 
fat responsible for the anticontractile effects of perivascular 
adipose tissue in skeletal muscle and other arteries.

Importantly, we were able to identify KCNQ-type K
v
 cur-

rents in smooth muscle cells of rat Gracilis muscle arter-
ies using a similar protocol as developed previously for 
the isolation of KCNQ currents in other vascular smooth 
muscle cells.21,41 We identified a noninactivating, XE991- 
and linopirdine-sensitive outward current in smooth muscle 
cells of the preparation under study. The sensitivity of this 
current to XE991 showed striking similarities to heterolo-
gously expressed KCNQ4 channels,42 which is, according 
to our data, the most prominent KCNQ channel isoform in 
rat Gracilis muscle arteries. This current was insensitive to 
correolide and only slightly sensitive to stromatoxin. Thus, 
our experimental protocol eliminated almost completely all 
of the other major K

v
 currents observed in arterial smooth 

muscle,39,40 indicating successful isolation of KCNQ currents. 
Our data show that KCNQ4 channels are the most promi-
nent isoform expressed in rat Gracilis arteries, followed by 
KCNQ5 and KCNQ1 channels. Expression of KCNQ2 and 
KCNQ3 channels was weak. A similar expression profile 
of KCNQ channels has been observed in mouse aorta and 
carotid and femoral arteries, that is, in large conduit systemic 
arteries.19 Thus, the expression profile of KCNQ channels 
seems to be preserved in the systemic peripheral circulation 
compared with large, conduit vessels. In summary, our data 
suggest involvement of smooth muscle KCNQ channels in 
the anticontractile effects of perivascular fat in rat skeletal 
muscle arteries.

We and others have shown that periadventitial vasoregu-
lation is diminished in different animal models of cardiovas-
cular diseases. There is defective periadventitial regulation 
of arterial tone in SHRs,6,9 angiotensin II infusion-treated 
hypertensive rats,14 and NZO mice.10,11 Similar disturbances 
have been reported in subcutaneous circulation of humans.33 
Our data suggest that KCNQ channels play a prominent 
role in the diminished ADRF-K

v
 pathway in SHRs (Figure 

S7). Expression of all of the KCNQ channels subtypes, at 
least at the mRNA level, was not different between Gracilis 
muscle arteries of normotensive and hypertensive SHRs. 
However, KCNQ4 channel expression is reduced in mes-
enteric arteries, renal arteries, and aortas in hypertension 
(Figure S5).22,23 Together, these findings lead to the new 
suggestion that periadventitial dysregulation in arterial 
hypertension is caused by KCNQ channel downregula-
tion (eg, KCNQ4) or diminished production of ADRF. In 
rat Gracilis muscle arteries, the diminished anticontractile 
effect of perivascular fat seems to reflect rather a decreased 
ADRF release (eg, H

2
S, Ang 1-7, and methyl palmitate) 

compared with altered expression or functional capability 
of KCNQ channels. Further studies are required to char-
acterize ADRF candidates in this scenario. Nevertheless, 
the presented data support the novel concept that KCNQ 
channels are novel therapeutic targets to rescue impaired 
periadventitial vascular regulation and to reduce BP in sys-
temic hypertension and metabolic syndrome (Figure S7). 
In line with this suggestion, we observed that 3 chemically 
distinct KCNQ channel openers are potent vasodilators 
in both normotensive and hypertensive rats. Furthermore, 
we observed improvement of the diminished anticontrac-
tile effect of perivascular fat by KCNQ channel openers in 
systemic arteries and lowering of systemic BP in 2 animal 
models of impaired periadventitial function and associated 
hypertension. The effects were not inhibited by ganglionic 
blockade with hexamethonium. Because KCNQ4 channels 
are obviously not downregulated in Gracilis muscle arteries 
in hypertension, KCNQ channel openers may have a greater 
potential to lower BP by lowering peripheral resistance in 
the skeletal muscle circulation. Flupirtine decreases mean 
arterial BP and heart rate in anesthetized rats.21 Together, 
these data indicate the therapeutic potential of KCNQ chan-
nel openers to restore diminished anticontractile effects of 
perivascular fat in SHRs. Our data also indicate that KCNQ 
channel openers can be used to improve regional blood flow 
in organs rich in visceral or perivascular fat, such as in the 
mesentery, coronary, renal, and skeletal muscle circulation.

In conclusion, our data show that skeletal muscle arteries 
exhibit periadventitial vasoregulation by perivascular adipose 
tissue with major involvement of XE991- and linopirdine-
sensitive KCNQ-type K

v
 channels. We provide evidence 

that therapeutic targeting of KCNQ channels is an effective 
approach to improve impaired periadventitial regulation of 
arterial tone and peripheral resistance.

Perspectives
Only recently KCNQ channels have been identified in 
vascular smooth muscle. However, little is known about 
their functional role and involvement in vascular diseases. 
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We revealed an anticontractile role of perivascular adipose 
tissue in skeletal muscle arteries and show that XE991- 
and linopirdine-sensitive K

v
 channels play a key role in 

this signaling pathway. Along with studies suggesting a 
contribution of vascular smooth muscle KCNQ channels 
to vasopressin-induced contractions21 and β-adrenoceptor–
mediated dilation of visceral arteries,23 our study suggests 
an important role of KCNQ channels in the physiological 
regulation of the peripheral skeletal muscle circulatory 
system. Moreover, we propose the new concept that opening 
of KCNQ channels may be a potent therapeutic option for 
the treatment of periadventitial peripheral artery dysfunction 
and associated hypertension. Clearly, this novel translational 
aspect requires future studies comparing the potential of 
KCNQ channel openers with other vasodilators.
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What Is New?

•	 We discovered the regulation of peripheral skeletal muscle arteries by peri-
vascular adipose tissue.

•	 We identified the contribution of smooth muscle KCNQ-type Kv channels to 
this effect.

•  We explored the role of KCNQ-type Kv channels as novel therapeutic  
targets to rescue periadventitial vascular dysfunction in hypertension.

What Is Relevant?

•	 Diminished periadventitial vasoregulation in the peripheral skeletal 
muscle circulation may contribute to vascular dysfunction in hyper-
tension.

•	 KCNQ-type Kv channels in peripheral skeletal muscle arteries repre-
sent novel therapeutic targets to treat skeletal muscle vascular dys-
function and associated hypertension.

Summary

Our data suggest that KCNQ-type Kv channels play a pivotal role 
in periadventitial vasoregulation of peripheral skeletal muscle 
arteries. KCNQ channel opening is an effective mechanism to 
improve impaired periadventitial skeletal muscle vasoregulation 
and associated hypertension without involvement of autonomic 
ganglionic mechanisms.

Novelty and Significance
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