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Abstract

Insulin-sensitizing thiazolidinediones such as troglitazone and pioglitazone have been shown to lower blood pressure in vivo and cause
vasorelaxation in vitro. Rosiglitazone (BRL 49653) is a novel thiazolidinedione which has been reported not to cause vasoleraxation. We
therefore compared the effects of troglitazone and rosiglitazone on Ca?t and K™ currents in rat aorta and pulmonary artery smooth
muscle cells. Currents were recorded with the conventional whole cell patch clamp technique. Both drugs reduced the voltage-gated
(L-type) Ca2" current in rat aorta cells, with half-maximal current inhibition by troglitazone and rosiglitazone at 2 and 10 pM,
respectively. Troglitazone, 2 .M and rosiglitazone, 20 wM caused a similar hyperpolarizing shift of 12 mV in the potential-dependence
of Ca2™ current availability. Troglitazone (20 wM) produced a marked block of the tetraethylammonium- and paxilline-sensitive Ca?*
activated K™ current, while rosiglitazone (20 uM and 60 wM) slightly enhanced this current. Rat pulmonary artery smooth muscle cells
have a prominent delayed rectifier K* current. Troglitazone produced a potent block of this current (half-maximal inhibition at < 1 wM),
while rosiglitazone caused a smaller inhibition at 10 and 60 wM. These results show that troglitazone has relatively potent blocking
effects on awide variety of ion currents in vascular smooth muscle cells. Rosiglitazone exerts less potent, but similar effects on the Ca2™*
current and delayed rectifier K+ current, but it enhances the Ca?™ activated K™ current. © 1999 Elsevier Science B.V. All rights

reserved.
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1. Introduction

The thiazolidinediones troglitazone, rosiglitazone and
pioglitazone are insulin-sensitizing agents which have been
developed for the treatment of type Il diabetes (Hoffman
and Colca, 1992). These drugs have been shown to reduce
plasma glucose, free fatty acids, and triglycerides in dia-
betic rodent models, but are unable to cause hypoglycemia
because they do not interfere with the normal regulation of
pancreatic insulin secretion by glucose. The mechanisms
of action of the thiazolidinediones remain incompletely
understood. It has been shown, however, that thiazolidine-
diones enhance the expression of glucose transporters in
adipocytes, probably by increasing adipocyte differentia-
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tion (Saltiel and Olefsky, 1996). This may result from an
interaction of the drugs with peroxisome proliferator acti-
vated receptors (PPAreceptory), a member of the nuclear
receptor super family and which regulates gene transcrip-
tion in adipose tissue, muscle, and liver (reviewed by
Saltiel and Olefsky, 1996).

In addition to their antihyperglycaemic actions, troglita-
zone and pioglitazone have been reported to lower blood
pressure in vivo (Pershadsingh et al., 1993; Yoshioka et
al., 1993; Buchanan et al., 1995; Ogihara et al., 1995;
Ghazzi et al., 1997) and to exhibit vasorelaxant activity in
vitro. Troglitazone has been reported to manifest a potent
inhibition of the L-type Ca®* current in the A7r5 cell line
and freshly isolated rat tail artery smooth muscle cells,
which may explain its vasorelaxing properties (Song et al.,
1997). Pioglitazone also suppresses the L-type Ca2* cur-
rent in rat aortic myocytes, albeit at much higher concen-
trations (Zhang et al., 1994). In a recent paper, this order
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of potency of troglitazone and pioglitazone in blocking
Ca?" currentswas confirmed in guinea-pig resistance artery
smooth muscle cells (Nakamura et al., 1998). Possible
effects of thiazolidinediones on other types of ion currents
in vascular smooth muscle have not been reported, al-
though troglitazone has been reported to potently block
Karp Channelsin aninsulinomacell line (Lee et a., 1996).

In contrast to troglitazone, the compound rosiglitazone,
which is currently in clinical trials, was reported not to
cause relaxation of phenylephrine-constricted small arter-
ies from human subcutaneous fat at concentrations up to
100 pM (Walker et al., 1998).

In view of the contrasting responses of preconstricted
arteries to troglitazone and rosiglitazone, and in light of the
limited information available regarding the effects of these
compounds on ion channel activity, we have compared the
concentration-dependency and mechanism of the effects of
troglitazone and rosiglitazone on the Ca?* channel current
in rat aorta smooth muscle cells. In addition, we report for
the first time that both compounds, and in particular
troglitazone, aso affect both the delayed rectifier K*
current (1 ,), and the Ca®*-activated K* (1 ¢,) currents,
in vascular smooth muscle cells isolated from the rat aorta
and main pulmonary artery, respectively.

2. Methods

2.1. Céll isolation and electrophysiology

Adult male Wistar rats were killed by cervical disloca-
tion. The thoracic aorta and pulmonary artery were iso-
lated, transferred to cold physiological saline solution (PSS)
and cleaned of fat and connective tissue under a dissecting
microscope. The vessels were then cut into small pieces
and incubated at 37°C in PSS containing 15 wM Ca* for
15 min. Aortic myocytes were prepared by transferring
tissue pieces to the same solution containing 0.23 mg of
elastase Type | (Sigma) and incubated for 20 min at 37°C.
At the end of the elastase treatment, the tissue was trans-
ferred to an enzyme mixture that contained collagenase
Type | (1 mg/ml), collagenase Type XI (1 mg/ml),
papain (0.5 mg/ml) and dithiothreitol in low Ca?* PSS
and incubated further for 20 min. Pulmonary artery my-
ocytes were prepared by a similar collagenase digestion
but without the prior digestion with elastase and with 0.25
mg,/ml of papain. After the enzymatic digestion, tissue
pieces were washed in enzyme-free low Ca" PSS and
triturated by sucking in and out in a wide bore glass
pipette for single cell dispersion. The cells were stored in
low Ca?* PSS at 4°C and used within 5-6 h of their
isolation. The whole-cell membrane currents were recorded
at room temperature using the standard patch clamp tech-
nique (Smirnov and Aaronson, 1996), with PCLAMP-6

software and axopatch 200B amplifier (Axon Instruments,
CA). Data analysis, including fitting of curves to data
points was performed with SigmaPlot 4.01 (Jandel Scien-
tific, CA) and Microsoft Excel software on an Elonex
MTX-6233/11 computer.

2.2. Solutions

PSS contained (mM) NaCl, 130; KCl, 5.0; MgCl,, 1.2;
CaCl,, 1.5; HEPES, 10; glucose, 10. The pH was adjusted
to 7.4 with NaOH. Low-Ca2* PSS contained 15 uM Ca2*.
Ca’*-free high-K* solution was made by replacing NaCl
with equimolar concentration of KCI and removing Ca?™.
Ba®™ PSS, which was used to record the inward current
through Ca?* channels, contained (in mM): NaCl 110,
TEA-CI 4, CsCl 1, MgCl, 1.2, BaCl, 20, HEPES 10, and
glucose 10. The pipette solution used for recording the
inward Ca®* current contained: CsCl 135, MgCl, 2.5,
MgATP 5, HEPES 10, and EGTA 10 and the pH was
adjusted to 7.2 using NaOH. The pipette solution for
measuring the K™ current contained KCI, 110; MgCl,
2.5; MgATP, 1.0; HEPES, 10; EGTA, 10 and the pH was
adjusted with KOH.

2.3. Drugs and chemicals

Rosiglitazone and troglitazone were the kind gifts of Dr
Robin Buckingham, SmithKline Beecham Pharmaceuti-
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Fig. 1. Inhibition of 1, by troglitazone and rosiglitazone in rat aortic
myocytes. (A) Representative traces showing lg, under control condi-
tions and in the presence of 0.6, 2, 6, and 20 wM troglitazone. (B)
Representative traces showing lg, under control conditions and the
presence of 2, 6, 20, and 60 wM rosiglitazone. Dashed lines represent
zero current. (C) Percent inhibition of 15, by troglitazone (filled circles)
and rosiglitazone (empty circles), using measurements of the integral of
the inward current over 200 ms for each concentration. VVaues shown are
the mean and S.E.M. calculated from 6-8 cells. Inhibition of I, was
significant for all pointsillustrated (P < 0.05).
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cals, Harlow, UK. Stock solutions of rosiglitazone (20
mM) and troglitazone (2 mM) were prepared in dimethyl-
sulphoxide (DMSO). All other chemicals were obtained
from Sigma. Tetraethylammonium (1 M) was dissolved in
distilled water. 4-Aminopyridine (100 mM) was dissolved
in distilled water and the pH was adjusted to 7.4 using
HCl.

2.4. Satistics

The dtatistical significance of differences between sets
of values was assessed using students paired or unpaired
two-tailed T-test, as appropriate, with P < 0.05 taken to
reject the null hypothesis.

3. Reaults

3.1. Effects of troglitazone and rosiglitazone on the
voltage-gated Ca?* current

It has previously been shown that the Ca?* current in
rat aortic myocytes is of the L-type; no T-component was
observed, even when the holding potential was — 100 mV
(Quignard et a., 1996). We aso observed that the inward
Ba®" current (15,) in aortic myocytes demonstrated kinetic
and electrophysiological properties characteristic of an L-
type current. These were: firstly, the ow decay of Ig,
over 200 ms at + 10 mV (Fig. 1); secondly, a threshold of
activation at around —40 mV with a holding potential of
—60 mV and a potential of maximum activation between
0 and +10 mV (Fig. 2); and thirdly, inactivation over a
positive range of potentials (Fig. 3).

The Ca®* current was elicited by stepping cells for 200
ms at 0.1 Hz to a test potential of +10 mV, from aresting
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Fig. 2. Current—voltage relationship for I, in the absence (solid circles)
and presence (open circles) of 20 wM rosiglitazone. Points are the mean
and SE.M. of integrated current, normalised to the current present at
+10 mV in the absence of rosiglitazone (n= 3).
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Fig. 3. The effect of troglitazone and rosiglitazone on voltage-dependence
of inactivation of lg,. 5 s conditioning potentials to between —90 and
+10 mV were applied followed by 200 ms test pulses to + 10 mV. (A)
An example of currents at the +10 mV test potentials following condi-
tioning pulsesto —90, —70, —50, —30, —20, —10 and + 10 mV under
control conditions. The dashed line represents zero current. (B) The
mean+ SE.M. of current measurements at the +10 mV test pulses,
firstly under control conditions (filled squares, n=16) and then in the
presence of either 2 wM troglitazone (filled circles, n=6) or 20 uM
rosiglitazone (empty squares, n=9). Points are normalised to the current
at the test pulse following the —90 mV conditioning pulse and plotted
against membrane potential. Smooth curves were fitted to data points
with the Boltzmann function (see text).

potential of —60 mV. Fig. 1 shows typical examples of
the effect of various concentrations of troglitazone (A) and
rosiglitazone (B) on Ig,. Troglitazone caused a rapidly
developing and concentration-dependent inhibition of Ig,.
Rosiglitazone exerted a similar effect, although over a
higher concentration range. Fig. 1C summarizes the mean
concentration-dependency of the inhibition of the Ca?*
channel current by each drug obtained from 6—8 similar
experiments. Both drugs inhibited the current, with ICg)'s
of approximately 2 and 10 .M for troglitazone and rosigli-
tazone, respectively.

Fig. 2 illustrates that the inhibition of 15, by 20 pM
rosiglitazone occurred over a wide range of test potentials,
and that the threshold of activation and potential of maxi-
mum activation were not shifted. A similar observation has
previously been made for 2 wM troglitazone (Song et al.,
1997; Nakamura et al., 1998).

Many Ca?* channel antagonists, including those of the
dihydropyridine and benzothiazepine classes, have a higher



106 G.A. Knock et al. / European Journal of Pharmacology 368 (1999) 103—-109

A 1.5 q
= 60 uM Ros
£
20 uM R
o 1.0 H u os
o
2
‘i Control
£ 05
S 2 mM TEA
_!
0.0 -
T T T T T T T 1
-40 -20 0 20 40 60 80 100
Membrane potential (mV)
B 2.5 4
[ 60 uM Ros
< 2.0 -
N~
[
‘5 1.5 1 Control
*
a i
£ 1.0
o
& 0.5 H
= 0.2 uM
0.0 Paxilline

T T T T T T T 1

-40 -20 O 20 40 60 80 100
membrane potential (mV)

Fig. 4. Examples of the effect of rosiglitazone (Ros) on Iy ¢, in typica
rat aortic myocytes recorded during voltage ramps from —50 to + 100
mV. Currents were recorded in Ca2* free PSS containing 1 mM 4-
aminopyridine. The current is enhanced by 20 and 60 .M rosiglitazone,
and is blocked by either 2 mM tetraethylammonium (TEA) added after
the removal of rosiglitazone (A), or 0.2 wM paxilline in the continued
presence of rosiglitazone (B), confirming the predominance of Iy ¢, in
these cells.

affinity for the inactivated state of the Ca?® channel,
compared to the resting state (Sanguinetti and Kass, 1984;
Uehara and Hume, 1985). Drugs with this property pro-
duce a characteristic hyperpolarizing shift of |5, poten-
tial—inactivation curve, which describes the tendency for
the channels to become inactivated (refractory) as the
resting membrane potential becomes more positive. In
order to define this function, cells were held at —60 mV,
and then stepped for 5 s to one of a series of conditioning
potentials of between —90 and O mV. The cells were then
stepped to a test potential of +10 mV and the amplitude
of lg, was measured. Fig. 3 shows the resulting current
amplitudes, normalised to that recorded at —90 mV, plot-
ted against the conditioning potential. Data from each
individual experiment was fitted to the Boltzmann func-
tion:

I=([1-C]/1+exp[(V-Vy)/k])+C (1)
where | isthe normalised current at any potential, C is the
fraction of the current which was not inactivated by depo-
larisation, V,, is the conditioning potential at which the
inactivating current was half-inactivated, and k is the slope
factor. Under control conditions, V,; was —24.3 + 0.65

mV (n= 16). Troglitazone (2 wM) shifted V,, to —35.9
+1.3 mV (n=6, P<0.001), while with rosiglitazone
(20 uM) V; was —36.0+ 1.1 mV (n=19, P < 0.001).

3.2. Effects of rosiglitazone and troglitazone on K *
channel currents

The Ca?*-activated K* (I ¢,) current was the predom-
inant current observed in the rat aortic cells. This current
was defined pharmacologically, using a low concentration
(2 mM) of tetraethylammonium (Nelson and Quayle, 1995)
or the highly selective blocker paxilline (0.2 wM) (Knaus
et al., 1994). We recorded this current using membrane
ramps from —50to + 100 mV (ie, the membrane potential
was increased linearly from —50 to +100 mV over a
period of 750 ms). These experiments were also performed
in the absence of external Ca®* (Ca?*-free PSS) in order
to eliminate an indirect effect on the current caused by
block of the Ca?* current.

In the presence of 1 mM 4-aminopyridine to block I,
(see below), 20 wM or 60 wM rosiglitazone caused en-
hancement of |, ., at positive potentials (20 .M, 34 + 8%,
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Fig. 5. Examples of the effect of troglitazone (Trog) on Iy ¢, in typica
rat aortic myocytes recorded during voltage ramps from —50 to + 100
mV in Ca?"-free PSS. (A) The current was markedly blocked by 20 wM
troglitazone and by 2 mM tetraethylammonium (TEA), confirming it was
predominantly mediated by K,Ca channels. (B) In another cell in Ca?*-
free solution containing 1 mM 4-aminopyridine, to rule out any influence
of block of voltage-gated currents, the current was also almost completely
abolished by 2 mM tetraethylammonium and 20 wM troglitazone.
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n=>5; 60 uM, 52+ 8%, n=10 at +80 mV). The pre-
dominance of 1 ., in these experiments was confirmed by
near complete block with either 2 mM tetraethyl-
ammonium (81 + 2%, n=>5) or 0.2 wM paxilline (88 +
2%, n=5). Examples of the activation of I -, by 20 and
60 wM rosiglitazone (Ros) and the block by either tetra-
ethylammonium or paxilline are shown in Fig. 4A,B,
respectively.

The effect of troglitazone (Trog) on Iy , is illustrated
in Fig. 5. The predominance of I ., was first confirmed
with 2 mM tetraethylammonium and then after washout,
20 wM troglitazone was applied. In contrast to the effect
of rosiglitazone, Iy -, was inhibited by troglitazone (Fig.
5A). A similar effect was obtained when troglitazone was
applied with the addition of 1 mM 4-aminopyridine to
block the small component of delayed rectifier K* current
(1) which is sometimes present in these cells (Fig. 5B).
The influence of severa concentrations of rosiglitazone
(n=10) and troglitazone (n = 4-5) on the amplitude of
lc.ca in Cal*-free solution in the presence of 1 mM
4-aminopyridine are summarised in Fig. 6.

As shown above, I, in rat aortic cells is small or
sometimes negligible; it is however quite prominent in rat
pulmonary arterial smooth muscle cells (Smirnov et al.,
1994). We therefore used pulmonary artery myocytes to
evaluate the effects of troglitazone and rosiglitazone on
this current.

Iy in pulmonary artery myocytes could be recorded in
isolation by stepping cells from —60 to +80 mV in the
presence of 10 mM tetraethylammonium, which com-
pletely blocks Iy ,, but has no effect on I, in these
cells (Smirnov et al., 1994). Fig. 7A shows that |, , was
dlightly but significantly inhibited by rosiglitazone at 10
and 60 pM. Conversely, troglitazone caused a potent
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Fig. 6. Effect of several concentrations of troglitazone (n=5) and
rosiglitazone (n = 5-10) on the outward current measured at +80 mV in
the absence of Ca?" and in the presence of 1 mM 4-aminopyridine.
Asterisks indicate a significant change in the current amplitude compared
to the control (P < 0.05).
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Fig. 7. Inhibition of I, by rosiglitazone and troglitazone in rat pul-
monary arterial myocytes. (A, B) Examples of the effect of 10 and 60
wM rosiglitazone (Ros) and 2 and 10 wM troglitazone (Trog), respec-
tively, on Iy intwo typical cells recorded during 200 ms step to + 80
mV from a holding potential of —60 mV. Currents were recorded in the
presence of 10 mM tretraethylammonium to eliminate the Iy c, current.
Dashed lines represent zero current. (C) concentration-dependency of the
inhibition of 1\, by troglitazone (n= 4-5) and rosiglitazone (n = 4-5).
Asterisks indicate significant inhibition of the current (P < 0.05).

inhibition of 1, ,,, significantly reducing the amplitude of
the current at concentrations of 0.6 wM and higher (Fig.
7B). Block of this current by both drugs was prompt and
reversible. Fig. 7C illustrates the concentration—response
curve for the inhibition of 1, by both drugs (n=4-5).

4, Discussion

We find that troglitazone and rosiglitazone exert rather
different effects on 3 important types of ion channel
current found in rat vascular smooth muscle cells. Troglita-
zone inhibits each of these currents, with a potency order
lxv =lca> Ik car Although rosiglitazone also inhibited
I, this effect occurred over a higher concentration range
than did the equivalent blocking effect of troglitazone. At
much higher concentrations, rosiglitazone inhibited I,
but stimulated the I, ., current.

Troglitazone has been shown to cause vasodilatation in
both animals (Fujiwara et al., 1995) and man (Ghazzi et
al., 1997). Troglitazone also causes vasorelaxation in vitro
(Song et al., 1997; Walker et al., 1998), as does pioglita-
zone (Buchanan et al., 1995). Several mechanisms may be
involved. In addition to blocking the voltage-gated Ca2*
channel current (Song et al., 1997; Nakamura et al., 1998),
troglitazone increased prostacyclin production by aortic
rings (Fujiwara et al., 1995). Consistent with this observa-
tion, the troglitazone-mediated relaxation of the nor-
epinephrine contracture in small arteries from human sub-
cutaneous fat was suppressed by indomethacin (Walker et
al., 1998). Kotchen et al. (1996) provided evidence that
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another thiazolidinedione, pioglitazone, may attenuate the
norepinephrine contraction in rat aorta by unmasking a
latent endothelium-dependent vasodilating action of in-
sulin. It has also been recently reported that troglitazone
abolished the activation by high glucose of membrane
bound protein kinase C in cultured rabbit coronary my-
ocytes (Yasunari et a., 1997). Ciglitazone, another thiazo-
lidinedione which reduced blood pressure in obese Zucker
rats, reduced the sustained rise in intracellular [Ca?™]
evoked by platelet derived growth factor in the A10 rat
vascular smooth muscle cell line (Pershadsingh et al.,
1993).

Much less is currently known about the effects of
rosiglitazone on the vasculature. A single recent report by
Walker et al. (1998) has demonstrated that rosiglitazone at
concentrations up to 100 wM did not relax human subcuta-
neous small arteries preconstricted with norepinephrine.

The results presented in the present study bear on a
number of issues. One relates to the potencies of the effect
of both drugs on the voltage-gated Ca?* current. We
observed that troglitazone inhibited the Ca?* current by
50% at a concentration of 2 wM. Similar values have
previously been reported by Nakamura et al. (1998) (ICq,
=3 pM in myocytes from guinea-pig small mesenteric
arteries) and Song et a. (1997) (IC, between 6 and 10
wM in myocytes from rat tail arteries). We have now
found, however, that troglitazone (and also rosiglitazone)
caused a hyperpolarizing shift of the steady-state availabil-
ity of I,. According to the approach of Bean (1984) the
affinity of a drug for the inactivated state of the Ca?*
channel can be calculated on the basis of this shift (AV,):

— AV, =kIn[(1+D/K;)/(1+D/K,)] (2)

where k=the dlope factor of the Boltzmann function
describing steady-state inactivation, D is the drug concen-
tration, K, is the affinity constant for the binding of the
channel to the resting state of the channel (taken as 2 pM
for troglitazone and 10 wM for rosiglitazone see above),
and K; is the affinity constant of the drug for the inacti-
vated channel. Taking AV, as —12 mV for both 2 wM
troglitazone and 20 wM rosiglitazone, K; is 0.25 and 1.5
M for troglitazone and rosiglitazone, respectively. Vascu-
lar smooth muscle cells in vivo are likely to be partialy
depolarized due to tonic effects of sympathetic tone and
autocoid release, and may as a result have an increased
fraction of inactivated Ca?* channels. Therefore, these
drugs, particularly troglitazone, may have a somewhat
more potent effect in vivo than would expected on the
basis of the concentration-response data previoudy re-
ported (Song et al., 1997; Nakamura et a., 1998). It should
be mentioned, however, that our results differ from those
of Nakamura et al. (1998), who reported that troglitazone
did not shift the steady state inactivation curve of the Ca?*
channel current in smooth muscle cells from guinea-pig
mesenteric small arteries. The reason for this disparity are

not apparent, but might reflect species or vessel hetero-
geneity.

Troglitazone also has a quite potent effect on the de-
layed rectifier K* current, blocking this by approximately
50% at 1 wM. Rosiglitazone had a similar effect, but at
much higher concentrations. Inhibition of I, by troglita-
zone might be expected to ameliorate the effects of its
Ca’" channel antagonism, and could also have an impact
on the effectiveness of vasodilators such as B-adrenoceptor
agonists, which enhance this K* current (Aiello et al.,
1995). The delayed rectifier is thought to be involved in
suppressing the excitability of vascular smooth muscle
(Nelson and Quayle, 1995), and is also important in setting
the resting membrane potential in some arteries, particu-
larly those of the pulmonary vasculature (Smirnov and
Aaronson, 1996). Both acute and chronic hypoxic pul-
monary vasoconstriction are though to result, at least in
part, from the inhibition of the delayed rectifier K* current
described above (Yuan et a., 1993; Smirnov and Aaron-
son, 1996).

We have previously shown that arachidonic acid in-
hibits 1, ,, (Smirnov and Aaronson, 1996), and this fatty
acid has been found aso to enhance the I, ., current
(Kirber et a., 1992). In rat aorta, rosiglitazone similarly
had opposite effects on both currents at high concentra-
tions. It has been suggested that thiazolidinediones may
cause prostaglandin production by displacing fatty acids
from a binding protein (Walker et a., 1998), and it is
possible that rosiglitazone was exerting its effects on these
channels by releasing arachidonic acid or a similar fatty
acid. This would not, however, explain the responses of
these currents to troglitazone, since this drug was uni-
formly inhibitory. The inhibition of 1, -, by troglitazone
was not an indirect result of its Ca®" channel antagonism,
since this response persisted in Ca2* free solution.

The results presented above indicate that the thiazo-
lidinediones may have diverse effects on the vasculature
which, unlike their insulin-sensitizing activity, do not re-
quire gene transcription. However, it seems likely that
each drug will differ in its ability to influence ion channel
function. In particular, in isolated smooth muscle cells
troglitazone blocks the Ca?* and delayed rectifier K*
currents in a concentration range which is similar to that
over which it binds to PPA receptor vy, the putative
therapeutic target for its antidiabetic action (Cobb et al.,
1997). Rosiglitazone was a less potent blocker of the Ca2*
channel, which may explain why it has been found to lack
vasorelaxing properties in vitro.
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