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ABSTRACT

The dietary intake of flavonoids seems to be inversely related

to cardiovascular mortality. The consumption of isoflavonoids

is increasing in the general population, especially due to the

use of food supplements and a variety of isoflavonoid-rich

foods. However, detailed studies on the vascular influence of

individual pure isoflavonoids are mostly missing. For this

study, 16 isoflavonoids were initially screened for their vaso-

relaxant properties on rat aortas. The 2 most potent of them,

biochanin A and glycitein, were further tested for the mecha-

nism of action on porcine coronary arteries. They both in-

duced an endothelium independent vascular relaxation, with

EC50 below 6 and 17 µM, respectively. Biochanin A, but not

glycitein, was able to block the vasoconstriction caused by

KCl, CaCl2, serotonin, and U46619 in a dose-dependent man-

ner. Another series of experiments suggested that the major

mechanism of action of biochanin A was the inhibition of

L‑type calcium channels. Moreover, biochanin A in relatively

small concentrations (2–4 µM) interfered with the cGMP, but

not cAMP, pathway in isolated coronary arteries. These results

indicate that some isoflavonoids, in particular biochanin A,

are able to have vasodilatory effects in micromolar concentra-

tions, which is of potential clinical interest for the manage-

ment of cardiovascular pathologies.

Biochanin A, the Most Potent of 16 Isoflavones, Induces Relaxation
of the Coronary Artery Through the Calcium Channel and
cGMP-dependent Pathway

Original Papers

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ité

 d
e 

S
tr

as
bo

ur
g.

 C
op

yr
ig

ht
ed

 m
at

er
ia

l.

Published online: 2020-05-14
Introduction
Cardiovascular diseases remain the leading cause of mortality and
morbidity worldwide. Among them, ischemic coronary disease
and stroke are major culprits of mortality. Hence, vascular func-
tion can be considered one of the main targets when developing
innovative drugs focused on both the treatment and prevention of
cardiovascular disorders.

Indeed, isoflavonoids appear to be related to a lower incidence
ofmyocardial and cerebral infarctions [1], reduced arterial stiffness
[2], and blood pressure normalization [3]. Due to their structural
similarity to endogenous estrogens, they have affinity to estrogen
receptors [4] and are known as phytoestrogens. Their main natural
Migkos T et al. Biochanin A, the… Planta Med
sources are legumes and herbs, such as soybean (Glycine max), red
clover (Trifolium pratense),milkvetch (Astragalus sp.), Prunus, Puera-
ria, and Ononis sp. [5–8]. Isoflavonoid intake in humans is also in-
creasing due to the use of a variety of dairy products, processed
food, and food supplements derived from the aforementioned
plants [9,10]. Most of these species are traditionally used in Chi-
nese medicine, among other things, for the treatment of cardio-
vascular diseases [7]. The lower incidence of cardiovascular disor-
ders in East Asian populations, compared to those from Western
countries, has been also attributed to the higher consumption of
isoflavonoids, particularly soy isoflavones [11]. Despite these en-
couraging epidemiological observations, most of the conducted
human studies have investigated the effect of isoflavone-rich diets,



▶ Table 1 The chemical structures of the 16 tested isoflavonoids.

Isoflavonoid: R5 R6 R7 R8 R3′ R4′

aglycones daidzein H H OH H H OH

genistein OH H OH H H OH

biochanin A OH H OH H H OCH3

glycitein H OCH3 OH H H OH

isoformononetin H H OCH3 H H OH

formononetin H H OH H H OCH3

calycosin H H OH H OH OCH3

tectorigenin OH OCH3 OH H H OH

cladrin H H OH H OCH3 OCH3

prunetin OH H OCH3 H H OH

glycosides daidzin H H O‑Glc H H OH

genistin OH H O‑Glc H H OH

glycitin H OCH3 O‑Glc H H OH

ononin H H O‑Glc H H OCH3

tectoridin OH OCH3 O‑Glc H H OH

puerarin H H OH Glc H OH

Glc: glucose.
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plant extracts, andmixtures of isoflavonoids [1–3]. The data on the
effects of individual purified isoflavonoids themselves are hence
largely missing, with some exceptions [12]. Additionally, ex vivo
and animal vascular studies have been performed for a limited
number of compounds [6,11,13,14], and even less information is
available in respect to coronary vessels [15–17].

With the present study, we strove to directly compare the vas-
cular effects of 16 pure isoflavones, several of which were tested
for the first time, and to further elucidate the mechanism of ac-
tion of the most active ones, biochanin A and glycitein. Within this
framework, we also challenged the hypothesis that biochanin A
functions as a calcium channel blocker.
D

Results
In the first series of experiments, a screening of the vasodilatory
effects of 16 isoflavonoids (▶ Table 1) on norepinephrine precon-
tracted rat aortic rings was performed. All glycosides, namely
genistin, daidzin, glycitin, ononin, tectoridin, and puerarin, had
clearly very low vasorelaxant effects, which were comparable to
that of the control containing only the solvent (Fig. 1S, Support-
ing Information) and hence much lower than that of their corre-
sponding aglycones (▶ Fig. 1, Fig. 2S, Supporting Information).
In particular, biochanin A and glycitein appeared the most potent
vasodilators, having EC50 below 30 µM, followed in ascending or-
der by genistein, isoformononetin, formononetin, tectorigenin,
calycosin, cladrin, prunetin, and daidzein, with EC50 ranging from
30 to 110 µM (▶ Table 2).

Thereafter, the 2 most potent isoflavonoids, biochanin A and
glycitein, were selected for further mechanistic experiments. Sim-
ilarly to rat aorta, as is also the case with coronary arteries, both
compounds induced dose-dependent vasorelaxation. The effect
was not significantly modified by the absence of the vascular en-
dothelium (▶ Fig. 2, Fig. 3S, Supporting Information) in any of the
artery models with a small exception of higher concentration of
glycitein in coronary rings. Interestingly, the EC50 of biochanin A
on coronary arteries (5.5 ± 0.6 µM) was lower than that on rat aor-
tas (25.4 ± 2.2 µM) and that of glycitein (16.2 ± 1.0 µM). For glyci-
tein, the difference between EC50s for the 2 types of vessels was
smaller (EC50s = 27.5 ± 2.8 µM and 16.2 ± 1.0 µM on aortas and
coronary arteries, respectively). Since the effect on coronary ar-
teries was achieved in lower concentrations, and given the similar-
ities between porcine and human hearts [18], this model was
used for further testing.

To further elucidate the mechanism(s) of the selected isoflavo-
noids, endothelium-denuded coronary arteries pretreated with
biochanin A (3, 10, and 30 µM) or glycitein (10, 15, and 30 µM)
were exposed to increasing concentrations of 4 different vasocon-
tricting stimuli. Contractions induced by both KCl and CaCl2 were
dose-dependently inhibited by biochanin A. In the highest dose,
biochanin A equally blocked 73% of the maximal vasoconstriction
caused by both inducers (▶ Fig. 3a). On the other hand, glycitein
only caused an approximate 25% reduction of the maximal effect
of KCl and did not significantly alter the contraction induced by
the maximal concentration of CaCl2. However, 30 µM of glycitein
partly blocked the effect of lower concentrations of CaCl2
(▶ Fig. 3b). Similarly, biochanin A demonstrated higher potency
against receptor-mediated contractions induced by serotonin or
thromboxane-analogue U46619. In the highest concentration, it
blocked 88% and 56% of their maximal effects, respectively
(▶ Fig. 3a). On the contrary, only the highest used concentration
of glycitein (30 µM) managed to block, at least partially (38%), the
maximal effect of serotonin, as well as decreased the contractions
induced by low concentrations of U46619 (▶ Fig. 3b).
Migkos T et al. Biochanin A, the… Planta Med



▶ Table 2 EC50 of the vasodilatory response to isoflavonoid agly-
cones in rat thoracic aortic rings.

Isoflavonoid EC50 (μΜ) 95% confidence
interval (μΜ)

Biochanin A 25.44 21.41 to 30.24

Glycitein 27.51 22.36 to 33.84

Genistein 32.09 29.40 to 37.26

Isoformononetin 51.19 44.46 to 58.93

Formononetin 59.53 56.76 to 62.43

Tectorigenin 62.40 56.10 to 69.42

Calycosin 68.38 58.65 to 79.71

Cladrin 72.30 64.63 to 80.87

Prunetin 74.14 48.25 to 113.92

Daidzein 112.09 82.46 to 152.37

The data are derived from 5 experiments.
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▶ Fig. 1 Concentration-response curves showing the vasorelaxant effect of the most potent isoflavonoid aglycones in endothelium-intact rat aortic
rings, precontracted by norepinephrine (10−5 M). Relaxation is expressed as percentages of the sodium nitroprusside-induced relaxation of the
vessels, n = 5. A concentration-response curve to the solvent was used as the negative control, and the final concentration of DMSO in the organ
bath is indicated below the x-axis.
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Due to the higher potency of biochanin A, subsequent series of
mechanistic experiments were performed with this isoflavonoid.
Since biochanin A blocked constrictions induced by different in-
ducers, intracellular calcium signalling could be the target of this
compound. Hence, porcine coronary arteries were pre-treated
with different concentrations of biochanin A and then exposed to
increasing concentrations of Bay K8644, an activator of L-type cal-
cium channels. Under these conditions, biochanin A dose depen-
dently blocked the contractions (▶ Fig. 4). In preliminary experi-
ments in rat aorta, biochanin A in a concentration of 30 μΜ also
inhibited the contractions induced by phenylephrine in the ab-
sence of extracellular calcium (Fig. 4S, Supporting Information).

In a separate series of experiments, sodium nitroprusside and
forskolin were used to relax precontracted porcine coronary ar-
tery rings without endothelium, by raising the intracellular levels
of cyclic GMP and cyclic AMP, respectively. Co-treatment of the
vessels with low concentrations of biochanin A (2–4 μΜ) led to a
significant potentiation of the sodium nitroprusside-induced re-
laxation (▶ Fig. 5a), decreasing its EC50 from 24.2 ± 4.5 nM to
9.4 ± 6.3 nM. However, no significant influence on the effect of
forskolin was observed (▶ Fig. 5b), indicating that biochanin A
might stimulate the cGMP, but not the cAMP, related vasodilatory
pathway.

A notable step within the cGMP pathway, activated by nitric ox-
ide, is the conversion of GTP to cGMP, by soluble guanylyl cyclase.
The presence of ODQ (10−6Μ), a selective inhibitor of this en-
zyme, delayed the onset of the vasorelaxant response to biocha-
nin A in endothelium-denuded coronary rings (▶ Fig. 6a). The
EC50 shifted from 5.1 ± 0.8 to 6.8 ± 0.5 µM, while the achieved
maximal relaxation was not affected. Additionally, in order to de-
termine whether the production of prostanoids is involved in the
Migkos T et al. Biochanin A, the… Planta Med
mechanism of action of biochanin A, coronary artery rings with-
out endothelium were incubated with indomethacin (10−5 Μ) pri-
or to the administration of the isoflavonoid. However, the inhibi-
tion of cyclooxygenase did not cause any alteration in the vaso-
relaxant effect (▶ Fig. 6b).
Discussion
Isoflavonoids have always attracted scientific interest because of
their potentially positive effects on human beings. The studies
testing their vasorelaxant activity have typically involved 1, 2, or
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▶ Fig. 2 Concentration-response curves, with 95% confidence intervals, showing the vasorelaxant effect of biochanin A (a) and glycitein (b) in
endothelium-intact (E+, blue line) or ‑denuded (E−, red line) coronary artery rings, precontracted by U46619 (10−8 M). Relaxation is expressed
as percentages of the initial basal tension of the rings; data are shown as the mean ± SEM, n = 6. A concentration-response curve to the solvent was
used as the negative control, and the final concentration of DMSO in the organ bath is indicated below the x-axis.
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several isoflavonoids. Due to various experimental approaches,
the comparison is difficult, if even possible at all. To the best of
our knowledge, this is the first comparative investigation of the
vascular effects of 16 isoflavonoids. Six of them, namely isoformo-
nonetin, cladrin, tectorigenin, tectoridin, ononin, and glycitin,
had never been tested as vasodilators before. Interestingly, isofor-
mononetin, tectorigenin, and cladrin appeared more potent than
daidzein in this study. Previous articles showed different potencies
of several isoflavones on various arteries [5, 7, 11,15,16,19–22].
Small discrepancies between the aforementioned studies might
derive from the use of different animal, breed, or tissue models
or may be due to different vasoconstrictors used to precontract
the tested arteries. In our experiments, porcine coronary arteries
appeared to be more sensitive than rat aortas to both biochanin A
and glycitein, but this difference was more pronounced in the
case of biochanin A. Summing up the available studies, biochanin
A was always a more potent vasodilator than other isoflavonoids
when tested on KCl or UTP precontracted rabbit coronary and
basilar arteries [11,15]. There is only 1 partial exception: formo-
nonetin reached the level of the activity of biochanin A in phenyl-
ephrine precontracted rat aorta [13].

Concerning the structure-activity relationship, our results sug-
gest that the methoxylation of 4′ carbon of the isoflavonoid struc-
ture increases vasorelaxant potency, since biochanin A and formo-
nonetin demonstrate higher potency than the corresponding
structures of genistein and daidzein respectively, which lack the
specific methoxylation. Moreover, genistein appears more active
than daidzein and glycitein more active than tectorigenin. The
only structural difference between these 2 pairs of compounds is
the presence of 5-hydroxyl group in the cases of genistein and
tectorigenin. Hence this substituent has different impact on the
vasodilatory effect. The presence of a 3′-methoxy group does
not improve the effect, as can be deduced by making a compari-
son of calycosin with cladrin. The presence of a 6- or 7-methoxy
group can increase or decrease the potency, apparently depend-
ing on other substitutions. For example, in the case of tectorige-
nin, the methoxy group at C6 decreased the potency vs. genistein,
while in the case of glycitein, the additional methoxy group at C6
increased the potency vs. daidzein. The probable reason for this
paradoxical effect may lie in additional mechanisms of action, in
particular genistein is known to be a potent inhibitor of tyrosine
kinases [23]. Additionally, in all cases, the presence of sugar moi-
ety at any position of the isoflavonoid core abolished or signifi-
cantly decreased the efficacy.

Based on this initial screening, we selected the 2 most active
compounds, glycitein and biochanin A. Quite surprisingly,
although glycitein is present in relatively high amounts in soy
foods and some dairy products [9], little is known about its vaso-
active properties. In fact, it has been mainly tested as a part of
mixed isoflavone preparations in the past [24]. Therefore, it was
unexpected that glycitein is a potent vasodilator, with an EC50

comparable to that of biochanin A. Its effect was endothelium-in-
dependent, but the inhibition of contraction by KCl, CaCl2, seroto-
nin, and U46619 was achieved in high concentrations and was
only partial. Due to this, we concentrated only on the more active
biochanin Α in next experiments.

In the case of biochanin A, more data showing its vasorelaxing
properties are available. These include rabbit coronary and basilar
arteries [11,15], as well as rat aortas [8,25]. Biochanin A induces
dose-dependent and endothelium-independent relaxation. This
study confirmed these outcomes in rat aortas and newly docu-
mented it in porcine coronary arteries as well.

Although these aforementioned studies confirmed the effects
of biochanin, the precise mechanism of action was unknown. Be-
fore this study was initiated, there was rather only negative evi-
dence reporting that biochanin A did not affect the production
of nitric oxide or prostaglandins [8, 25]. The only known mecha-
nism of action was a partial effect of biochanin A on the activation
of ATP-sensitive and large-conductance Ca2+-activated K+ chan-
nels [8, 25]. Since these effects cannot fully explain the ability of
Migkos T et al. Biochanin A, the… Planta Med
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▶ Fig. 3 Concentration-dependent effects of biochanin A (a) or glycitein (b) on the contraction of coronary arteries induced by KCl, CaCl2,
serotonin (5-HT), and U46619. Porcine coronary artery rings were pretreated with indicated concentrations of isoflavonoids before the addition
of cumulative doses of the inducer. * p < 0.05, ** p < 0.01, *** < 0.001 vs. control, n = 6.
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of calcium channel activator BAY K8644. * p < 0.05, ** p < 0.01,
*** < 0.001 vs. control, n = 5.
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this compound to evoke complete or almost complete relaxation
of the tested vessels, the mechanism of action was further
sought. To investigate it, 4 different vasoconstrictive impulses
were tested initially. In all these cases, biochanin A dose depen-
dently blocked or markedly diminished their effects in endothe-
lium-denuded coronary arteries.

Both CaCl2 and potassium-induced depolarization lead to ex-
tracellular Ca2+ influx through the L-type voltage gated Ca2+ chan-
nels [26]. Serotonin and U46619 cause vasoconstriction through
5-HT2A and thromboxane A2 Gq protein-coupled receptors, re-
spectively [26,27]. Considering that the effects of both are inhib-
ited by biochanin A, we presumed that this isoflavonoid rather
acts on downstream contraction pathways than on the receptor
level. Biochanin A (1–10 µM) also managed to inhibit the contrac-
tions induced by phenylephrine, another agonist on Gq protein-
coupled receptors, in rat aortas [25]. Similarly, in this study, bio-
chanin A caused the vasodilation of norepinephrine precontracted
vessels in the same experimental model (▶ Fig. 1). We hypothe-
sized that the inhibition was mediated at the level of L-type chan-
nels, because these channels are involved in Gq protein-initiated
vasoconstriction [26] and thus their activation seems to be a com-
mon step between the ion and receptor-mediated pathways. For
this reason, we decided to confirm this assumption experimen-
tally for the first time. The achieved results indicate that biochanin
A blocks the effect of Bay K8644 and thus the influx of calcium
through L-type channels into vascular smooth muscles in concen-
trations above 10 μΜ. Although this seems to be the major mech-
anism of action, looking at the vasorelaxant curves of biochanin A,
it is apparent that this compound also has vasodilatory effects in
lower concentrations in coronary arteries (▶ Fig. 2a).

For this reason, other mechanisms of action, which might be
relevant in lower concentrations, were also considered. Indeed,
low concentrations (2–4 μΜ) of biochanin A potentiated the relax-
ation induced by cumulative doses of sodium nitroprusside. More-
over, biochanin A-induced relaxation was delayed in the presence
of a soluble guanylyl cyclase inhibitor (ODQ). Such potentiating
effect can be limited to coronary vasculature since it was not ob-
served in rat aortic rings [8], and Torregrosa et al. (2003) reported
that soluble guanylyl cyclase inhibitors (ODQ, NS2028) did not af-
fect the biochanin A-induced dilation of rabbit basilar arteries. In
addition to the aforementioned differences in vascular beds or po-
tential interspecies differences, the discrepancy may also depend
on the use of a high concentration of the inhibitors (10−5 Μ) by the
afore-mentioned researchers. Collectively, the presented data re-
veal that biochanin A activates the cGMP pathway in units of mi-
cromolar concentrations, while in slightly higher concentrations,
it acts as an L-type calcium channel blocker (▶ Fig. 7). From this
point of view, it is interesting that biochanin A imitates the mech-
anism of action of estradiol [28,29]. Our preliminary results
(Fig. 4S, Supporting Information) in rat aorta indicate that an in-
hibiting effect on calcium release from intracellular stores might
be also involved when higher concentrations of the compound
are used.

It can be concluded that isoflavonoids started to exhibit direct
vasorelaxant activity in tens of µM, while even lower concentra-
tions of biochanin A significantly potentiated the effect of sodium
nitroprusside. Such results are of potential clinical interest, since
concentrations up to 2 µM might be feasible in human blood cir-
culation, after eating a special diet or being administered food
supplements rich in isoflavones [30,31]. Indeed, biochanin A is
present in chickpeas (Cicer arietinum) [32], alfalfa (Medicago sati-
va) [33], peanuts (Arachis hypogaea), almonds (Prunus dulcis), wal-
nuts (Juglans regia), and pecans (Carya illinoinensis) [34,35], and
broadly used food supplements derived from red clover (Trifolium
pratense) contain relatively high amounts of the isoflavone too
[30]. This study provided evidence about the vasorelaxant of ac-
tion of glycitein and deeper insight into the mode of action of bio-
chanin A.
Materials and Methods

Tested compounds

Calycosin (purity: 99%), cladrin (98%), and isoformononetin (99%)
were purchased from Phytolab. Biochanin A (≥ 99%), daidzin
(≥ 99%), formononetin (≥ 99%), genistin (≥ 99%), glycitein
(≥ 95%), glycitin (≥ 95%), ononin (≥ 99%), prunetin (≥ 95%), and
puerarin (≥ 99%) were purchased from Extrasynthese and daidzein
(≥ 98%), genistein (≥ 98%), tectoridin (≥ 98%), and tectorigenin
(≥ 98%) from Sigma-Aldrich.

Chemicals

Urethane, norepinephrine bitartrate (NE), phenylephrine hydro-
chloride, sodium nitroprusside, acetylcholine iodide, bradykinin
acetate salt, nifedipine, indomethacin, serotonin (5-HT), forskolin,
ethylenediaminetetraacetic acid (EDTA), dimethyl sulfoxide
(DMSO), KCl, and CaCl2.2H2O were purchased from Sigma-Al-
drich, [1H-[1,2,4]oxadiazolo-[4, 3-a]quinoxalin-1-one] (ODQ)
from Enzo Life Sciences, U46619 from Cayman Chemical
Company, and Bay K8644 from Axon Medchem BV. NaCl,
NaHCO3, and D-glucose were provided by PENTA s. r. o., KCl and
Migkos T et al. Biochanin A, the… Planta Med
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▶ Fig. 5 The effect of biochanin A on relaxation induced by sodium nitroprusside (a) and forskolin (b). After exposure of endothelium-denuded
coronary artery rings to biochanin A (2–4 µM, able to cause 20% of relaxation), relaxation was induced by the addition of cumulative doses of either
nitroprusside or forskolin. Relaxation is expressed as percentages of the initial basal tension of the rings. * a difference at p < 0.05 between corre-
sponding values, n = 5.
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▶ Fig. 6 The influence of inhibition of guanylyl cyclase (a) and cyclooxygenase (b) on biochanin A-induced vasorelaxation. Endothelium-denuded
coronary artery rings were incubated with ODQ (a, 10−6 M) or indomethacin (b, 10−5 M) before cumulative doses of biochanin A were administered.
Relaxation is expressed as percentages of the initial basal tension of the rings. * indicates a difference (p < 0.05) between the absence and presence
of the inhibitor, n = 6. A concentration-response curve to the solvent was used as the negative control, and the final concentration of DMSO in the
organ bath is indicated below the x-axis.
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MgSO4.7H2O by Erba Lachema s. r. o., and KH2PO4 by Dr. Kulich
Pharma s. r. o.

Krebs solution had the following composition in mM: NaCl 119,
KCl 4.7, CaCl2.2H2O 1.25, KH2PO4 1.18, MgSO4.7H2O 1.17,
NaHCO3 25, and D-glucose 11 (pH 7.4).
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Experiments on rat aortas and
porcine coronary arteries

The experiments were carried out on aortas excised from male
Wistar Han rats, obtained from Charles River or on pig hearts col-
lected from a local slaughterhouse. The initial screening experi-
ments followed commonly used methods (see supplementary
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▶ Fig. 7 Scheme depicting the proposed mechanism of action of biochanin A on smooth muscle cells. In higher concentrations, biochanin A can
also likely have an effect on the release of calcium from sarcoplasmic reticulum (not shown). cGMP = cyclic guanosine monophosphate, DAG =
diacylglycerol, GC = guanylate cyclase, GTP = guanosine triphosphate, IP3 = inositol 1,4,5-triphosphate, IP3R = inositol 1,4,5-triphosphate receptor,
MLC = myosin light chain, MLCK = myosin light chain kinase, MLCP = myosin light chain phosphatase, ODQ = 1H-[1, 2,4]oxadiazolo-[4,3-a]quinox-
alin-1-one, P = phosphate group, PKC = protein kinase C, PLC = phospholipase C, ROCK = rho-associated protein kinase, SR = sarcoplasmic reticu-
lum, 5-HT = 5-hydroxytryptamine.
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data for details). The study (reg. No. MSMT-7041/2014-10) was
approved on March 7, 2014 by the Ministry of Education, Youth
and Sports and conformed to The Guide for the Care and Use of
Laboratory Animals published by the U.S. National Institutes of
Health (8th edition, revised 2011, ISBN-13: 978-0-309-15400-0).

Determination of the mechanism of the vasorelaxant effect

The arterial rings were constricted with U46619 (6–16 nM) or NE
(10 μΜ), and cumulative doses of isoflavonoids (0.1–100 μΜ) or
vehicle (DMSO, 0.001–1%) were applied. The next dose was al-
ways added after stabilization of the relaxant response to the
previous dose. Enzyme inhibitors (ODQ, 10−6Μ/indomethacin,
10−5Μ, dissolved in DMSO and 5% aqueous sodium carbonate so-
lution respectively) were added in the chamber 30min prior to
U46619 application when needed. The addition of sodium nitro-
prusside (10 µM) induced the maximal (100%) relaxation of the
arterial rings at the end of each experiment.

Inhibition of contractile responses

For the determination of the inhibition of contractile responses,
coronary endothelium-denuded rings were exposed to 3 different
concentrations (3 or 15, 10, and 30 µM) of the selected isoflavo-
noids for 30min before the cumulative administration of increas-
ing concentrations of either KCl, 5-HT, U46619, or CaCl2 in the
presence of 40mM KCl.

Inhibition of the effect of Bay K8644

Endothelium-denuded coronary rings were treated with 4 differ-
ent concentrations (3, 10, 20, and 30 µM) of biochanin A in the
presence of 15mM KCl and protected from intense light. Then,
Bay K8644, an L-type calcium channel activator, was applied cu-
mulatively (10−10–10−6Μ) to induce contraction of the smooth
muscles.
Effect on relaxation induced by activators
of cyclic nucleotide synthesis

Endothelium-denuded coronary artery rings were contracted with
U46619 (6–16 nM) and then exposed to a low concentration of
isoflavonoid (2–4 µM), so that relaxation to about 15–20% of the
maximum amount was induced. Subsequently, concentration-de-
pendent relaxation was caused by the administration of cumula-
tive doses (1 nM–1 µM) of either sodium nitroprusside or forsko-
lin, which activate guanylyl and adenylyl cyclase, respectively.

Statistical analysis

Data were presented as mean ± S.E.M. The number (n) of differ-
ent experiments was always mentioned. The EC50 value corre-
sponded to the concentration of the isoflavonoid inducing 50%
of the vasorelaxant response, determined by GraphPad Prism 7
(GraphPad Software, Inc.). The mean values were compared by
analyzing the variance followed by the Sidak posthoc test employ-
ing GraphPad Prism 7. The difference was considered to be signif-
icant when a p-value less than 0.05 was found. Concentration-re-
laxation curves were compared using 95% confidence intervals,
plotted by the above-mentioned software.

Supporting information

Detailed description of the experimental procedures, as well as
the graphs depicting the effect of the isoflavonoids of lower po-
tency and the mechanism of action tested in rat aorta are avail-
able as Supporting Information.
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