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Abstract

Glibenclamide has been shown to inhibit prostanoid-induced contraction in a number of
blood vessel types. In this study, the effects of glibenclamide on the contraction of human
peripheral arteries in response to both prostanoid and non-prostanoid agonists were
compared and possible mechanisms of action were investigated.

Segments of left internal mammary artery (LIMA) and radial artery, taken from patients
undergoing coronary artery bypass graft (CABG) surgery, were mounted in organ baths
containing physiological saline solution aerated with 95% O2=5% CO2 at 37�C. Con-
tractions were obtained by either the use of a thromboxane analogue (U46619), L-phe-
nylephrine, KCl or CaCl2. The effects of glibenclamide on these contractions were
observed and pEC50 values were determined after manipulation of a logistic curve-®tting
equation. Concentration-dependent relaxation of U46619-contracted LIMA and radial
artery was observed in the presence of glibenclamide, with calculated pEC50 values of
4�2� 0�17 (n� 7) for LIMA and 3�26� 0�48 (n� 5) for radial artery. Incubation of both
LIMA and radial artery with glibenclamide (50 mM) caused the concentration±response
curves for U46619 and L-phenylephrine to shift signi®cantly to the right. Similarly the KCl
tension relationship was caused to shift to the right. Finally, glibenclamide (100mM) also
had an inhibitory effect on Ca2�-induced tension in radial artery.

These results show that the inhibitory effects of glibenclamide on human peripheral
blood vessels are not restricted to prostanoid-induced contractions. Furthermore,
evidence has been provided to suggest that these effects might be mediated through
an interaction with voltage-sensitive Ca2� channels.

Activation of ATP-sensitive potassium (KATP)
channels is known to cause vasodilatation by
increasing the membrane permeability of vascular
smooth muscle to potassium ions (Standen et al
1989). This effect is antagonized by the antidiabetic
sulphonylurea, glibenclamide (Eltze 1989; Quast &
Cook 1989; Winquist et al 1989), which blocks
vascular KATP channels in a similar manner to the
way that it blocks pancreatic KATP channels to
cause the release of insulin (Schmid-Antomarchi
et al 1987).

However, Cocks et al (1990) showed that glib-
enclamide, when added to isolated segments of
canine coronary circum¯ex artery contracted with

the synthetic thromboxane analogue, 9,11-dideoxy-
9,11-epoxymethanoprostaglandin F2? (U46619),
caused a concentration-dependent reduction in
tone. Similar results have also been found in other
canine arteries as well as in rat aorta in-vitro
(Zhang et al 1991). It is now apparent that this
property is shared by a range of sulphonylurea
compounds (Nielsen-Kudsk & Thirstrup 1991;
Delaey & Van de Voorde 1997).

Cocks et al (1990) suggested that glibenclamide
caused relaxation by competitive antagonism at the
thromboxane A2 receptor as the effect was not seen
if the vessels had been contracted with endothelin-
1, noradrenaline or potassium chloride. However,
in pig coronary artery, the ability of glibenclamide
and other amidoethylbenzenesulphonylureas to
antagonize the vasoconstriction due to U46619,
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was shown to correlate well with their ability to
antagonize the effects of levcromakalim, a KATP-
channel activator (McPherson et al 1997).

Some controversy also surrounds the idea that the
inhibitory effects of glibenclamide on vascular
contraction are observed only in blood vessels that
have been pre-contracted with prostanoids. While it
appears that the presence of glibenclamide and
other sulphonylureas does not in¯uence the con-
tractions of rat aorta elicited by either noradrena-
line, 5-hydroxytryptamine or high concentrations of
potassium (Delaey & Van de Voorde 1997), Niel-
sen-Kudsk & Thirstrup (1991) have shown that
glibenclamide could cause a relaxation of rabbit
coronary artery contracted with high concentrations
of potassium. In addition, Huang & Chan (1998)
have found that glibenclamide reduces the con-
traction of the rat mesenteric artery induced by both
L-phenylephrine and high concentrations of potas-
sium. These observations suggest that not only are
species differences important but also the choice of
vessel as well.

Stanke et al (1998) have shown that glib-
enclamide relaxes human left internal mammary
artery (LIMA) and saphenous vein pre-contracted
with U46619. Human LIMA and radial artery are
used as arterial conduits in coronary artery bypass
graft operations, with the radial artery having been
recently re-introduced as a favourable graft,
because earlier problems with its use have been
largely circumvented by improvements in the
technique for harvesting the artery and also by the
use of calcium-channel antagonists during surgery
(Acar et al 1992; Buxton et al 1997). These arteries
are increasingly regarded as superior conduits to
saphenous vein and provide the promise of long-
term graft patency (Metcalfe et al 1994; Nwasokwa
1995).

In this investigation, the effects of glibenclamide
have been examined on isolated segments of human
LIMA and radial artery in an attempt to examine
further its ability to oppose the actions of vaso-
constrictor agents and the underlying mechanism of
action behind these effects.

Materials and Methods

This study was approved by the Huntingdon Local
Ethics Committee and patients gave their informed
consent before surgery.

Experimental preparation
At elective coronary artery bypass graft (CABG)
operations, left internal mammary artery (LIMA)
and radial artery were harvested to provide the graft

vessel in heparinized pre-cardiopulmonary bypass
patients under normothermia. Segments of the
arteries, surplus to the needs of the operation, were
placed immediately into ice-cold physiological
saline solution of the following composition (mM):
NaCl 118, KCl 4�5, CaCl2 1�27, KH2PO4 1�19,
MgSO4 1�19, NaHCO3 25 and M-glucose 5�55,
which had been previously aerated by bubbling
with 95% O2 and 5% CO2 and transported to the
laboratory within an hour of dissection.

On arrival, the blood vessels were transferred to
fresh aerated, ice-cold physiological saline solu-
tion. After careful removal of any surrounding
connective tissue, segments of artery (3 mm in
length) were mounted on two parallel hooks of 0�5-
mm stainless steel wire in organ baths of 10 mL
capacity. One hook was ®xed, while the other was
attached to a Biegestab K30 isometric strain gauge
transducer (Hugo Sachs Elektronik, Germany) to
allow continuous recordings of tension to be made
via a Plugsys model 600 polygraph (Hugo Sachs
Elektronik, Germany) and recorded on a Gould
model TA4000 chart recorder (Gould Electronics
Inc., Cleveland, OH). Each vessel was bathed in the
physiological saline solution at 37�C and aerated
with 95% O2 and 5% CO2.

At the start of each experiment, 3 g tension was
applied to each vessel via a micrometer adjustment
and 1 h (LIMA) or 2 h (radial artery) allowed for
equilibration with the tension maintained at 3 g by
adjustment if necessary.

Experimental procedure
To test for the presence of an intact endothelium
after the equilibration period, each vessel was
contracted with a submaximal concentration
(approximately 80% of maximum) of L-phenyl-
ephrine (3mM), determined by constructing a con-
centration±response curve to L-phenylephrine and
when the response had reached a plateau, 10mM

carbachol was added. Vessels which relaxed to
greater than 80% of the pre-contracted tension were
deemed to have an intact endothelium. Those
which relaxed to less than 20% of the pre-con-
tracted tension were considered as being endothe-
lium-denuded. In this study, 73% of the radial
artery segments used had an intact endothelium
compared with only 10% of the LIMA segments.

Cumulative concentration±relaxation curves to
glibenclamide were determined in both LIMA and
radial artery segments, which had been pre-con-
tracted with a submaximal concentration of
U46619 (30 nM). The effect of another sulphonyl-
urea drug, tolbutamide, on the concentration±
relaxation curves caused by glibenclamide in
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LIMA vessels was determined by addition of tol-
butamide (200mM) 10 min before contracting the
segment with the thromboxane analogue. Other
experiments examined the relaxation to gliben-
clamide of LIMA in the presence of the cyclo-
oxygenase inhibitor, indomethacin (10 mM), added
to the saline solution. Such experiments were
designed to see if prostanoid release was involved
in the relaxation caused by glibenclamide. Cumu-
lative concentration±response curves were also
constructed for the contractions caused by U46619
and L-phenylephrine. The concentration±response
curves were then repeated in the presence of glib-
enclamide (10 or 50mM) added 10 min before.

Concentration±response data were also obtained
for KCl in the absence and presence of glib-
enclamide. Physiological saline solutions contain-
ing increasing concentrations of KCl were prepared
by equimolar substitution of Na� ions with K�

ions. In experiments with glibenclamide, vessels
were incubated for 10 min with 100mM gliben-
clamide immediately before addition of the saline
containing a high concentration of K� ions.

Ca2�-induced tension in depolarized arterial
segments was examined by the use of a modi®ca-
tion of the procedure outlined by Julou-Schaeffer
& Freslon (1988). The vessels were washed for
30 min with Ca2�-free depolarizing physiological
saline solution containing 35 mM KCl and 1 mM

EGTA and then for 20 min with the Ca2�-free
depolarizing solution without EGTA. Con-
centration±response curves to Ca2� ions were
obtained by adding increasing concentrations of
CaCl2 to the bath. The non-selective a-adreno-
ceptor antagonist, phentolamine (1mM), was pre-
sent in the bath to counteract any possible
depolarization-induced neuronal release of nora-
drenaline. Where the effect of glibenclamide was
studied, the vessels were incubated with the com-
pound (100 mM) for 10 min after washing with
Ca2�-free depolarizing solution and immediately
before addition of the CaCl2.

Data and statistical analysis
Relaxations in response to added drugs are expressed
as percentages of the contraction induced by U46619
in the same segment. Contractions are expressed as
percentages of the maximum contraction caused by
each agonist in each segment. All data are given as the
mean� standard error of the mean (s.e.m.). The n
values are of the number of patients. When more than
one vessel segment was used from the same patient,
the results were pooled.

EC50 values are obtained from concentration±
response curves by ®tting the data to the following

logistic equation by the use of KaleidaGraph soft-
ware (Nbelbeck Software, version 3.05):

R � Rmax � CnH

CnH � EC
nH

50

�1�

where R is the response, Rmax is the maximum
response, C is the concentration of the agonist and
nH is the Hill coef®cient. Calculated EC50 values
were then converted into negative logarithms
(pEC50 values). pEC50 and Rmax values are com-
pared where appropriate with either Student's
unpaired or paired t-test.

Drugs
The drugs used and their sources were as follows:
L-phenylephrine hydrochloride, 9,11-dideoxy-9,
11- epoxymethanoprostaglandin F2? (U46619), tol-
butamide, indomethacin, ethylene glycol-bis-
(b-aminoethyl ether)-N,N,N0,N0-tetraacetic acid
(EGTA) and phentolamine methanesulphonate
were all from Sigma Chemical Co., Poole, Dorset,
UK; carbamylcholine chloride (carbachol) was
from BDH, Poole, Dorset, UK; and glibenclamide
was from Aldrich Chemical Co., Poole, Dorset,
UK. All other reagents were obtained from Fisher
Scienti®c UK Ltd, Loughborough, Leics, UK and
were of analytical grade wherever possible.

Stock solutions of glibenclamide and tolbutamide
were prepared in dimethylsulphoxide (Sigma, UK).
The ®nal bath concentration of dimethylsulphoxide
was never allowed to exceed 0�1%. U46619 was
initially dissolved in 70% (v=v) ethanol but all
subsequent dilutions were made in water. Indo-
methacin was made up as a stock solution of 10 mM

in 5% (w=v) NaHCO3 solution. All other stock
solutions were made in water.

Results

Effect of glibenclamide on the contractions of
human LIMA and radial artery segments in
response to U46619
Glibenclamide caused a concentration-dependent
relaxation of both LIMA and radial artery, which
had been pre-contracted with 30 nM U46619. The
calculated pEC50 values were 4�2� 0�17 (n� 7) for
LIMA (Figure 1A) and 3�26� 0�48; n� 5 for radial
artery (Figure 1B).

Indomethacin (10mM), when included in the
bathing solution, had no signi®cant effect on the
responses to either U46619 or glibenclamide in
LIMA (pEC50 value� 3�87� 0�01; n� 5). Pre-
treatment of the vessels for 10 min with 200mM
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tolbutamide before contraction with 30 nM U46619
also had no effect (pEC50 value� 3�93� 0�31;
n� 3). The control pEC50 value for these experi-
ments was 4�14� 0�16 (n� 5).

Addition of glibenclamide (50mM) 10 min before
beginning the cumulative addition of increasing
concentrations of U46619 to segments of radial
artery or LIMA, antagonized the agonist effect of
the U46619, resulting in signi®cant shifts of the
concentration±response curves to the right. With
segments of LIMA and of radial artery, the changes
in pEC50 were signi®cant (Table 1; P< 0�01).

The effect of glibenclamide (10 mM) on segments
of both arteries was not signi®cant.

Effect of glibenclamide on the contraction of
human LIMA and radial artery segments to
L-phenyl-ephrine and high concentrations of
potassium
Pre-treatment with glibenclamide reduced the
contractions caused by the a1-adrenoceptor selec-
tive agonist, L-phenylephrine, in both LIMA and
radial artery segments. In the presence of 50mM

glibenclamide, the maximum responses of seg-
ments from both arteries to L-phenylephrine were
signi®cantly reduced (Table 1; LIMA, P< 0�05;
radial artery P< 0�001).

Signi®cant shifts in the concentration±response
relationship for KCl were observed in both LIMA
and radial artery vessels, which had been pre-
treated with 100 mM glibenclamide compared with
control results (Figures 2A and B) (P< 0�05±
0�001, on comparison of control values with treated
values at single concentrations of KCl).

Effect of glibenclamide on Ca2�-induced tension in
human radial artery
Figure 3 shows the effect of glibenclamide on
Ca2�-induced tension in depolarized radial artery.
Increased contractions were obtained with con-
centrations of Ca2� ions up to 3 mM and there was a
reduction in tension as the concentration of Ca2�

ions was increased beyond this (n� 5).
After 10 min exposure to glibenclamide

(100mM), the contractions of radial artery seg-
ments, in response to added Ca2� ions were
reduced, with the concentration±response curve
being shifted signi®cantly to the right.

Discussion

In this investigation, the effects of glibenclamide
on the contraction of both isolated LIMA and radial
artery were studied. In LIMA and radial artery
vessels, which had been pre-contracted with a
submaximal concentration of the synthetic throm-
boxane A2 receptor agonist, U46619, gliben-
clamide was shown to cause a concentration-
dependent relaxation of the vessels (Figures 1A and
B). Addition of 50mM glibenclamide to segments
for 10 min before beginning to determine the con-
centration±response relationship was shown to
inhibit U46619-induced contraction. These results
are in agreement with previous ®ndings in other
species (Cocks et al 1990; Zhang et al 1991; Delaey
& Van de Voorde 1997) and with a study

Figure 1. Relaxation of U46619 pre-contracted human LIMA
(A) and radial artery (B) segments by glibenclamide. Blood
vessel segments were pre-contracted with U46619 (30 nM) and
then exposed to increasing concentrations of glibenclamide.
Data represent mean values� s.e.m for all segments tested
from 7 patients (LIMA) and 3 patients (radial artery).
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by Stanke et al (1998), which demonstrated similar
effects with glibenclamide in human LIMA and
saphenous vein. The effects of 10mM glibenclamide
were not signi®cant.

Given that agents which cause activation of KATP

channels, such as levcromakalim and pinacidil, are
known to cause vasodilatation (Standen et al 1989),
it would seem likely that the inhibitory effect of
glibenclamide on vasoconstriction was mediated
through an action distinct from its well character-
ized blocking effect on KATP channels. It is there-
fore unusual that there should be a correlation
between the ability of glibenclamide and related
compounds to antagonize the effects of U46619 on
pig coronary artery and their ability to block KATP

channels. One suggestion would be that gliben-
clamide at higher concentrations might somehow
cause a paradoxical opening of the KATP channel to
elicit the vascular effects. McPherson et al (1997)
showed that tetraphenylphosphonium (which
blocks the KATP channel in a different manner from
that of glibenclamide) had no effect on U46619-
induced contraction in pig coronary artery sug-
gesting that glibenclamide is not mediating these
effects through an interaction with KATP channels.
This is supported our ®ndings that treatment of
LIMA segments with another sulphonylurea com-
pound, tolbutamide (at a concentration which
would cause a block of KATP channels but not
affect vascular contraction), was shown not to
affect the relaxation effects of glibenclamide.

As glibenclamide binds to a sulphonylurea
receptor on the KATP channel, it has been suggested
that the compound might bind to a similar site at
the thromboxane A2 receptor. However, recent
cloning studies, which indicate that the sulphonyl-
urea and thromboxane A2 receptors are structurally
dissimilar, tend to dispel this theory (Coleman et al
1994; Aguilar-Bryan et al 1995).

Glibenclamide does not appear to inhibit vaso-
constriction through the release of vasodilator
prostanoids as the actions of the drug on LIMA
vessels pre-contracted with U46619 were unaf-
fected when 10mM indomethacin was present in the
physiological saline solution. This supports the
®ndings of previous studies, which showed that
indomethacin had no effect (Delaey & Van de
Voorde 1997; Huang & Chan 1998).

In this study, the effects of glibenclamide were
not restricted to vessels contracted by prostanoids
but were also seen when other agonists were used.
Glibenclamide exerted an inhibitory effect on the
contraction caused by the a1-adrenoceptor selective
agonist, L-phenylephrine, causing a rightward shift
in the concentration±response relation in both
LIMA and radial artery. These effects would not be
explained by the previously proposed interaction of
glibenclamide with prostanoid receptors or their
second messenger systems (Delaey & Van de
Voorde 1997). Glibenclamide also had effects on
the contractions caused by a high extracellular K�

concentration. Here, the normal contribution of
potassium currents to the resting membrane
potential across the vascular membrane is dis-
sipated and voltage-sensitive Ca2� channels are
opened (Weiss 1977). Figures 2A and 2B show
that the concentration±response relationship was
shifted to the right in the presence of 100mm
glibenclamide in both LIMA and radial artery. The
fact that glibenclamide can affect the response to
high concentrations of K� ions provides further
support for the idea that it is not causing these
effects through an action on KATP channels.

The pharmacology of human peripheral arteries
used for coronary artery surgery is important
because of their inherent spasmogenic tendency.
This is particularly true for the radial artery, which
has been recently re-introduced as an arterial graft

Table 1. Comparison of pEC50 and Rmax values for the effects of glibenclamide on the contractions of LIMA and radial artery
segments by U46619 and L-phenylephrine

Tissue Contractile agent Treatment pEC50 Rmax n

LIMA U46619 Control 8�21� 0�12 98�9� 0�88 7
Glibenclamide (10 mM) 8�09� 0�13 95�5� 2�35 6
Glibenclamide (50 mM) 7�25� 0�30** 96�5� 2�41 4

L-Phenylephrine Control 6�14� 0�14 102� 0�63 5
Glibenclamide (10 mM) 5�73� 0�16 98�7� 1�51 5
Glibenclamide (50 mM) 5�62� 0�18 62�7� 5�02*** 3

Radial artery U46619 Control 8�48� 0�17 99�0� 1�59 5
Glibenclamide (10 mM) 8�09� 0�05 97�4� 2�91 4
Glibenclamide (50 mM) 7�11� 0�25** 92�1� 4�74 3

L-Phenylephrine Control 5�99� 0�18 102� 2�18 5
Glibenclamide (10 mM) 5�59� 0�16 95�2� 6�51 3
Glibenclamide (50 mM) 5�47� 0�2 76�1� 9�48* 5

Data are expressed as mean values� s.e.m. pEC50 and Rmax values were derived by the curve ®tting procedure described in
Materials and Methods. Control and test values were compared by Student's unpaired t-test; *P< 0�05, **P< 0�01, ***P< 0�001.
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(Acar et al 1992; Buxton et al 1997), although there
have also been reports of spasm in LIMA (Sarabu
et al 1987). The underlying cause of the spasm
remains unknown but one of the contributory
factors may be the release of endogenous throm-
boxanes and prostaglandins. Elucidation of the
mechanisms involved can contribute to the design
of successful anti-vasospastic strategies, which
have enormous clinical and economic importance
through maintaining the long-term patency of
bypass conduits and freedom from further myo-
cardial events.

To date, prevention of radial artery spasm has
been achieved by the use of calcium channel
antagonists (Acar et al 1992). In-vitro, verapamil
can cause a relaxation of KCl-contracted radial
artery segments (He & Yang 1996), while the
vasoselective, ultrashort-acting dihydropyridine
calcium-channel antagonist, clevidipine, relaxes
both radial artery (Ferguson, unpublished data) and
LIMA (Huraux et al 1997) contracted by U46619.
Given that glibenclamide can affect the contraction
of isolated blood vessels to a number of different
agents, an interference with the processes which
allow intracellular Ca2� to increase, is a suggested
mechanism of action.

Yoshitake et al (1991) showed that pretreatment
of rat aortic strips with 100 mM glibenclamide par-
tially inhibited the elevation of intracellular Ca2�

([Ca2�]i) and force development produced by both
noradrenaline and high concentrations of K� ions.
These authors postulated that glibenclamide was
acting to decrease [Ca2�]i. However, as it did not
affect the [Ca2�]i force relationship, they suggested
that it was unlikely that glibenclamide was exerting
its effects by affecting the sensitivity of the con-
tractile apparatus to [Ca2�]i in the vascular strips.
More recently, Huang & Chan (1998) have
suggested that glibenclamide might interfere with
Ca2� in¯ux across the vascular membrane. This

Figure 2. Effect of glibenclamide on K�-induced tension in
human LIMA (A) and radial artery (B). Contractions to
increasing concentrations of K� depolarizing solutions were
obtained in the absence (j) and presence (s) of 100mM

glibenclamide. Data represent mean values� s.e.m for all
segments tested from 4 patients. Statistical comparisons were
made by Student's paired t-test at individual concentrations.
*P< 0�05, **P< 0�01, ***P< 0�001 compared with control
values.

Figure 3. Effect of glibenclamide on Ca2�-induced tension in
human radial artery. Control Ca2� response relationships (j)
were obtained in the presence of 35 mM K� depolarizing
solution in the absence of glibenclamide. After a pre-incuba-
tion period of 30 min with 100 mM glibenclamide, contractions
to Ca2� were recorded again in 35 mM K� depolarizing
solution (s). All experiments were carried out in the presence
of 1mM phentolamine. Data represent mean values� s.e.m. for
all segments tested from 5 patients. Statistical comparisons
were made by Student's paired t-test at individual concentra-
tions. **P< 0�01, ***P< 0�001 compared with control values.
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would be a plausible explanation since high extra-
cellular K� concentration results in activation of
voltage-gated Ca2� channels and hence an increase
in [Ca2�]i while Ca2� entry through voltage-sen-
sitive Ca2� channels is also stimulated in the pre-
sence of a1-receptor agonists and thromboxanes, in
addition to release of Ca2� ions from intracellular
stores.

To investigate this possibility in human blood
vessels, the effect of glibenclamide on Ca2�-
induced tension in depolarized radial artery was
determined. Here, vascular contraction is initiated
by the entry of extracellular calcium through vol-
tage-sensitive calcium channels with a negligible
release of Ca2� ions from intracellular stores
(Julou-Schaeffer & Freslon 1988). On the addition
of increasing concentrations of CaCl2, a char-
acteristic bell-shaped concentration±response
relationship is obtained (see Figure 3). Once the
concentration of CaCl2 exceeded 3� 10ÿ3

M, Ca2�-
induced relaxation is observed. A possible explan-
ation for this has been suggested by Mupanomunda
et al (1998), who suggest that at these high con-
centrations, Ca2� ions activate calcium receptors
on capsaicin-sensitive perivascular sensory neu-
rones to cause them to release vasodilator trans-
mitters. In the presence of 100mM glibenclamide,
the Ca2�-induced contractions were signi®cantly
reduced. These ®ndings suggest that glibenclamide
affects vascular smooth muscle contraction by
blocking voltage-gated Ca2�

channels.
Additional studies have shown that gliben-

clamide can block other ion channels as well as
KATP channels, such as the cystic ®brosis trans-
membrane conductance regulator (CTFR) chloride
channel (Yamazaki & Hume 1997) and also a
cyclic AMP-activated chloride channel in guinea-
pig ventricular myocytes (Tominaga et al 1995).
However, patch-clamp techniques would need to be
employed to con®rm whether glibenclamide was
affecting voltage-sensitive calcium channels in
these human blood vessel segments.

In this investigation, no evidence has been pro-
vided to suggest that the effects of glibenclamide
were endothelium-dependent. Here, similar effects
were obtained with glibenclamide in both endo-
thelium-intact and -denuded vessels. In rat mesen-
teric artery, Huang & Chan (1998) showed that
glibenclamide was more potent at causing relaxa-
tion of L-phenylephrine pre-contracted vessels with
an intact endothelium. The signi®cance of these
®ndings remains to be determined.

In conclusion, this study has shown that high
concentrations of glibenclamide can inhibit the
contraction of human peripheral blood vessels in

response to a number of vasoconstrictor agents. In
addition, further evidence has been provided to
support the theory that the drug may be interfering
with entry of Ca2� ions through voltage-sensitive
calcium channels across the vascular membrane.
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