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Abstract

The present study was designed to investigate the effect of equol on cerebral blood flow and the underlying

molecular mechanisms. The regional cerebral blood flow in parietal lobe of rats was measured by using a

laser Doppler flowmetry. Isolated cerebral basilar artery and mesenteric artery rings from rats were used for

vascular reactivity measurement with a multi wire myography system. Outward K  current in smooth

muscle cells of cerebral basilar artery, large-conductance Ca -activated K  (BK) channel current in BK-HEK

293 cells stably expressing both human α (hSlo)- and β1-subunits, and hSlo channel current in hSlo-HEK

293 cells expressing only the α-subunit of BK channels were recorded with whole cell patch-clamp

technique. The results showed that equol significantly increased regional cerebral blood flow in rats, and
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produced a concentration-dependent but endothelium-independent relaxation in rat cerebral basilar

arteries. Both paxilline and iberiotoxin, two selective BK channel blockers, significantly inhibited equol-

induced vasodilation in cerebral arteries. Outward K  currents in smooth muscle cells of cerebral basilar

artery were increased by equol and fully reversed by washout or blockade of BK channels with iberiotoxin.

Equol remarkably enhanced human BK current in BK-HEK 293 cells, but not hSlo current in hSlo-HEK 293

cells, and the increase was completely abolished by co-application of paxilline. Our findings provide the first

information that equol selectively stimulates BK channel current by acting on its β1 subunit, which may in

turn contribute to the equol-mediated vasodilation and cerebral blood flow increase.
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Introduction

Large-conductance, voltage- and Ca -activated K  (BK, also called BK  or Maxi K) channels exist in various

types of tissues including smooth muscle. The basic functional unit of the BK channel is a tetramer of the

pore-forming α-subunits (Slo) encoded by a single gene, kcnma1 or Slo [1]. Depending on the tissue, Slo can

interact with auxiliary β-subunits (β1-β4) [2], [3]. In smooth muscle, β1 is the predominant subunit

associated with Slo and confers BK with higher Ca  sensitivity, which makes the channel an efficient

regulator of smooth muscle function [4], [5]. Expression of β1-subunit of BK may be up- or down-regulated

in vascular smooth muscle cells (VSMCs) under different physiological and/or pathophysiological

conditions, which induces an enhanced or depressed BK channel activity [6], [7], [8]. Disruption of the β1

gene (kcnmb1) is associated with elevated blood pressure and left ventricular hypertrophy in mouse models

[9], [10]. Therefore, compounds that stimulate BK channels to open may have promising pharmaceutical

applications, especially for vascular conditions and disorders.

Equol [7-hydroxy-3-(4⿲-hydroxyphenyl)-chroman], an active metabolite of the soy isoflavone daidzein, is

produced by intestinal microbial flora in some, but not all, individuals consuming daidzein, and is

considered to be responsible for the cardiovascular benefits of soy [11], [12], [13]. It is reported that equol

causes endothelium- and nitric oxide (NO)-dependent relaxation of isolated aortic rings from rats [14], [15],

and causes endothelium- and nitric oxide synthase (NOS)-independent vasorelaxant activity in rat isolated

carotid arteries [16]. A recent study from Park research group shows that equol exhibits concentration-
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dependent relaxation response to the contractile reaction induced by 10  M phenylephrine in the

endothelial-removed human uterine artery, which is mediated through antagonistic action for receptor-

dependent Ca  channel, but not for voltage-dependent Ca  channel [17]. These studies indicate that the

mechanism of vascular relaxation by equol in different vascular beds and among various species has not

been clearly elucidated. The present study was designed to investigate how equol affected rat cerebral

basilar arteries and whether the effect contributed to the regulation of cerebral blood flow. Our results

demonstrate that equol selectively stimulates BK channel currents by acting on its β1-subunit, which

probably contributes to the equol-mediated vasodilation and an increase in cerebral blood flow.

Section snippets

Reagents

Equol powder (50% R-equol, 50% S-equol) was purchased from Nanjing Laiyin Medicine Technology Limited

Company (Nanjing, Jiangsu, China). Other chemicals used in this study were obtained from Sigma-Aldrich

(St. Louis, MO, USA). Equol, paxilline and iberiotoxin (IbTX) were prepared as stock solutions in dimethyl

sulfoxide (DMSO) and added to the bath solution at the indicated final concentrations. The stock solution

concentrations of equol, paxilline and IbTX were 10  M, 10  M and 10  M,…

Effects of equol on rCBF of parietal lobe in rats

Fig. 1 illustrates the changes of rCBF in parietal lobe of rats after intraperitoneal injection of different doses

of equol. Single dose injection (i.p.) of equol resulted in a dose-dependent increase of PU. The peak

perfusion unit (PU) increase was observed at 115 min in rats treated with 1.25 mg·kg  (increased by

53.6 ± 5.9%) and at 100 min in rats treated with 2.5 mg·kg  (increased by 92.6 ± 4.2%), (n = 6, P < 0.01 vs.

Vehicle). No significant effect was observed in rats treated with 0.625 mg·kg  of…

Discussion

In the present study, we demonstrated for the first time that equol selectively stimulates BK channel current

by acting on its β1-subunit, which probably contributes to the equol-mediated vasodilation and the increase

of cerebral blood flow.

Previous studies reported that equol caused a concentration-dependent relaxation of aortic rings pre-

constricted with phenylephrine in an endothelium- and NO-dependent manner [15], whereas the relaxation

associated with equol was independent of an intact…
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