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Abstract

We have investigated the endothelium-independent vasorelaxant effect of the new
flavonoid dioclein (5,2',5'-trihydroxy-6-7-dimethoxyflavanone) in the rat aorta.

In endothelium-denuded vessels, dioclein induced a concentration-dependent relaxation
of aortic rings precontracted with noradrenaline (IC50=3-540-89x10"*M and KCI
(IC50=52+1-2x 1074 M). In the absence of extracellular calcium, dioclein reduced the
contraction induced by noradrenaline (maximal reduction approximately 33%) but not that
induced by caffeine. Dioclein also produced a concentration-dependent inhibition of the
sustained contractions induced by the phorbol ester 12-O-tetradecanoyl phorbol-13-acetate
in normal (IC50 =4-020-2x10~*M) and Ca>*-free solution (IC50=4-0=£ 0-3x10™*Mm).

The results indicate that the endothelium-independent vasorelaxant effect of dioclein
may be explained by inhibition of contractions dependent on activation of protein kinase C,
voltage-dependent Ca*" influx and on the release of intracellular Ca®" stores sensitive to

noradrenaline.

Flavonoids constitute a large group of low mole-
cular weight polyphenolic compounds derived from
plants and they are consumed in large amounts in
the daily diet. Consumption of flavonoids has
shown to be inversely associated with morbidity
and mortality from coronary heart disease (Hertog
et al 1995; Knekt et al 1996). This is probably as a
result of their effects as antioxidants (Rice-Evans
et al 1997), inhibitors of platelet aggregation
(Seigneur et al 1990) and vasodilators (Duarte et al
1993; Herrera et al 1996). Lemos et al (1999)
described a nitric oxide- and endothelium-
dependent vasorelaxant effect of dioclein (Figure
1), a new flavanone isolated from the roots of
Dioclea grandiflora Mart. ex Benth. (Bhattacharyya
et al 1995), a vine that grows in the coastal plain
of northeastern Brazil. However, dioclein also
induced a vasorelaxant effect in endothelium-
denuded vessels.

Correspondence: V. S. Lemos, Laboratério de Hipertensdo,
Departamento de Fisiologia e Biofisica, Universidade Federal
de Minas Gerais, Av. Antdonio Carlos, 6627, 31270-901 Belo
Horizonte, MG, Brazil.

In the present work we describe the underly-
ing mechanism involved in the endothelium-
independent effect of dioclein in the rat aorta.

Materials and Methods

Experimental procedure

The experiments were performed using rings of rat
aorta which had the functional endothelium
removed by rubbing the intimal surface with a
wooden stick (Lemos et al 1999). Briefly, the tis-
sues were set up in a gassed (95% O, and 5% CO,)
Krebs-Henseleit solution (mM): NaCl 118-0, KCI
4.7, NaHCOj; 25-0, MgS0O,4-7H,0 1.2, CaCl, 2-49,
KH,PO4 1-2 and glucose 11-1, maintained at 37°C
under a tension of 1g. After a 1-h equilibration
period, two reproducible submaximal (70-80%
maximal) tonic responses were obtained with
3% 10~ M noradrenaline. The absence of relaxation
in the presence of acetylcholine indicated the
deficiency of functional endothelium. Dioclein was
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Figure 1. The structure of dioclein (5,2’,5-trihydroxy-6-7-

dimethoxyflavanone).

added cumulatively during the tonic contractions
induced by noradrenaline (3x 1077 M) and KCI
(50mM) in tissues suspended in normal Krebs—
Henseleit or 107°M 12-O-tetradecanoyl phorbol-
13-acetate (TPA) in normal or Ca®"-free (without
CaCl, plus 1 mM EGTA) solution. The results were
expressed as percentage decrease in maximal con-
traction induced by noradrenaline, considering
100% relaxation as the point when the basal line
was reached. Values of inhibitory concentration
50% (IC50) were calculated graphically from
concentration—response curves. To investigate the
effect of dioclein on the release of intracellular
Ca’*, contractile responses to noradrenaline
(3x107"M) and caffeine (20 mM) were performed
in Ca**-free solution (Freitas et al 1996). Under
this experimental condition, noradrenaline and
caffeine induced transient contractile responses,
which were considered as control in the absence of
dioclein. Different concentrations of dioclein
(3-0x 107%-3.0x107* M) were added 15 min before
the addition of noradrenaline or caffeine, and the
percentage inhibition was calculated by comparing
the mean response obtained in the presence or in
the absence of each concentration of dioclein. The
experiments with caffeine were performed at 21°C
(Freitas et al 1996). Tissue response was recorded
using isometric transducers and physiographs (Ugo
Basile).

Drugs

Acetylcholine chloride, noradrenaline chloride, caf-
feine and TPA were purchased from Sigma (USA).
The isolation and identification of dioclein has been
described in detail by Bhattacharyya et al (1995).
Dioclein was solubilized in a mixture of distilled
water/chremophor as a 10~" M solution and diluted
to the desired concentration with distilled water just
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before use. The final concentration of chremophor
never exceeded 0-1%, which was without effect
when exposed to control preparations. The other
compounds were freely dissolved in water.

Statistics

Results are expressed as the mean=+s.e.m. of five
experiments. Student’s #-test was used to analyse
the results, and was considered significant when
P < 0-05. Values of inhibitory concentration 50%
(IC50) were calculated graphically from the indi-
vidual concentration—response curves by non-lin-
ear regression equation.

Results

Effects of dioclein on KCI- and
noradrenaline-induced contractions

Dioclein (3-0x107°-3x107>M) relaxed the rat
aorta previously contracted with noradrenaline or
KClI in a concentration-dependent manner (Figure
2A). The corresponding IC50 values were
3.5£089x107* and 524+1.2x107*M for nora-
drenaline and KClI, respectively.

Effect of dioclein on contractions induced by
noradrenaline and caffeine dependent on the
release of intracellular calcium stores

In rat aorta suspended in a Ca’*-free medium,
noradrenaline and caffeine induced transient con-
tractions (not shown), which were the result of the
release of Ca®" from intracellular stores (Karaki et
al 1997). Pre-incubation of tissues with dioclein
significantly inhibited noradrenaline transient
response in a concentration-dependent manner
(Figure 2B). Maximal inhibition of 33-2+3-9%
was seen with 3x 107> M dioclein as there was no
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Figure 2. Relaxant effect of dioclein in endothelium-denuded
rat aortic rings. A. Effect of dioclein in rings precontracted
with noradrenaline (O) or KCI1 (@) in normal Krebs-Henseleit
solution. B. Effect of dioclein in noradrenaline-induced con-
tractions in Ca®"-free solution. The values are mean+ s.e.m. of
five experiments.
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significant difference between the results after the
last two concentrations of the compound. In con-
trast, dioclein in concentrations up to 10™*M failed
to inhibit caffeine-induced contractions. Mean
values of transient contractions in control
and dioclein (107* M)-pretreated vessels were
0-31£0-08 and 0-28+0-06 g, respectively.

Effect on aortic rings precontracted with the
phorbol ester TPA

TPA (107°M) caused a slowly developing con-
traction of the rat aorta that was sustained over a
2-h period approximately (not shown) in normal
(1-1£0-09g) and Ca*"-free (0-740-09g) Krebs-
Henseleit  solution. Dioclein (3-0x107°-
3%x107°M) added cumulatively to the sustained
phase of contraction, produced a concentration-
dependent relaxation of contractions induced by
TPA (107°M), to a similar extent as observed in
sustained contractions evoked by noradrenaline or
KClI (Figure 3). There was no difference between
IC50 values for dioclein when tissues were stimu-
lated with TPA in normal (IC50=4-040-2x
107*M) or Ca**-free solution (IC50=4-0£0-3x
107*M). The time-courses of the relaxation by
dioclein in the presence (66-8 &= 16-8 min) and in the
absence (46-1=+ 10-7min) of extracellular calcium
were not significantly different.

Discussion

Dioclein exhibited a vasorelaxant effect, which was
not dependent on the presence of functional vas-
cular endothelium. This relaxant effect was prob-
ably the result of the inhibition of a number of
calcium regulatory processes and a decrease in the
calcium sensitivity of contractile elements in the rat
aorta.

Dioclein relaxed the rat aorta previously con-
tracted with noradrenaline or KCl with the same
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Figure 3. Relaxant effect of dioclein in endothelium-denuded
rat aortic rings precontracted with TPA in normal (A) or Ca>"
free Krebs-Henseleit solution (B). The results are mean
+s.e.m. of five experiments.
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potency. The inhibitory effects of dioclein on the
KCl-induced contractile responses could be attrib-
uted partly to the blockade of Ca?' entry through
voltage-operated Ca?' channels (VOCs), in as
much as KCl-induced contraction in the rat aorta is
the result of Ca®" influx through L-type VOCs
(Karaki et al 1997). L-type Ca®"-channel blockers
such as verapamil and nifedipine are largely known
to inhibit the increase in [Ca2+]i and the accom-
panying contraction induced by KCI (Baker 2000).

The mechanisms involved in noradrenaline-
induced contractions are more complex and are
dependent on alteration of the intracellular move-
ment of calcium ions through activation of its
influx and release of the intracellular stores, as well
as the activation of several enzymes such as protein
kinase C (Karaki et al 1997). We designed
experiments to investigate a possible effect of
dioclein on intracellular Ca®" stores and protein
kinase C.

The existence of two different intracellular Ca*"
pools has been proposed, one sensitive to inositol
trisphosphate and the other sensitive to the plant
alkaloid ryanodine and caffeine (Berridge 1993a;
Clapham 1995). The initial transient response to
noradrenaline is mediated by the release of Ca®"
from an intracellular pool sensitive to inositol tri-
phosphate (Irvine 1992; Berridge 1993b). Dioclein
significantly inhibited noradrenaline transient
response but failed to inhibit caffeine-induced
contractions. These results showed that dioclein
was able to diminish contractions due to nor-
adrenaline-induced release of intracellular Ca*" in
accordance with previous reports for other flavo-
noids such as luteolin, naringenin, and eriodictyol
(Sanchez de Rojas et al 1996). Since dioclein had
no effect on contractions dependent on the release
of Ca”" stores induced by caffeine, it is likely that
dioclein was acting through inhibition of intracel-
lular Ca>" stores sensitive to IP;.

Protein kinase C has been proposed to play a key
role in the maintenance of tonic contraction of
vascular smooth muscle by controlling calcium
entry and/or Ca®' sensitivity of contractile
elements (Karaki et al 1997). This attribution to
protein kinase C has been largely due to the
observation that phorbol esters produce contractile
responses (Sato et al 1992; Nakajima et al 1993).
TPA is a phorbol ester that activates protein kinase
C and causes a slow-developing sustained con-
traction of the rat aorta (Spedding 1987; Shima-
moto et al 1992, 1993). Inhibitors of protein kinase
C such as calfostin C, H-7 and staurosporin are
largely reported to relax contractions induced by
TPA in the rat aorta (Shimamoto et al 1992, 1993).
Here, dioclein relaxed contractions induced by
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TPA suggesting that dioclein had a vasorelaxant
effect, which may be due partly to its inhibitory
action on protein kinase C. These results are in
agreement with reports showing that other flavo-
noids displayed similar effects as dioclein over the
same concentration range (Ferriola et al 1989;
Herrera et al 1996). There was no difference
between the IC50 values for dioclein when the
tissues were stimulated in normal or Ca’*"-free
solution, and so it is possible that Ca®" sensitivity
of contractile proteins controlled by protein kinase
C rather than calcium entry could be inhibited by
dioclein.

In conclusion, different mechanisms appear to
be involved in the endothelium-independent vaso-
relaxant effect of dioclein: inhibition of contrac-
tions dependent on activation of protein kinase C,
inhibition of calcium influx through VOCs and, to a
little extent, inhibition of Ca®" release from nor-
adrenaline-sensitive Ca®" stores.
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