
ELSEVIER European Journal of Pharmacology 280 (1995) 179-184 

eJp 

Prostanoid-induced contractions are blocked by sulfonylureas 
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Abstract 

The sulfonylureas glibenclamide and tolbutamide are blockers of ATP-regulated K ÷ channels. The present study shows that 
these drugs also block contractions induced by prostaglandin Fz~, prostaglandin E 2 and the thromboxane A 2 mimetic U-46619 
on rat aorta. This effect of sulfonylureas is not related to the endothelium since it is also found in endothelium-denuded 
preparations. The blockade is specific for prostanoids since contractions with norepinephrine, phenylephrine, serotonin, 
endothelin-1 or K ÷ (120 mM) are not or much less affected. On the other hand, contraction induced by activation of G-proteins 
with aluminium tetrafluoride anion (AIF 4)  is significantly blocked by the sulfonylureas. Also on rat carotid artery the contraction 
of prostaglandin F2~ is importantly blocked by glibenclamide. It is concluded that the sulfonylureas glibenclamide and 
tolbutamide exert a specific inhibitory influence on prostanoid-induced contractions. This inhibition might be due to interference 
at the level of regulatory G-proteins, since the contractions induced by agonists that, like the prostanoids, activate phospholipase 
C (serotonin, phenylephrine, norepinephrine, endothelin) are not blocked. 
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1. Introduction 

The sulfonylureas glibenclamide and tolbutamide 
are well known hypoglycemic drugs. They are believed 
to stimulate the release of insulin by blocking ATP-reg- 
ulated K + channels in pancreatic /3-cell membrane. In 
vascular smooth muscle cell membrane ATP-regulated 
K + channels are also present. Opening of these chan- 
nels by drugs such as cromakalim or pinacidil hyperpo- 
larizes vascular smooth muscle cell membrane and 
induces relaxations. These relaxations are blocked by 
the sulfonylureas glibenclamide and tolbutamide 
(Standen et al., 1989). 

In 1991 Zhang et al. reported that glibenclamide 
relaxes rat aortic preparations pre-contracted with 
prostaglandin F2~ (Zhang et al., 1991). However, from 
a previous study we had no evidence for a potent 
relaxing influence of glibenclamide on aorta from rats 
(Van de Voorde et al., 1992). Moreover, a drug known 
as a blocker of K ÷ channels is not expected to induce 
relaxation of smooth muscle ceils, but rather contrac- 
tion. Therefore we first investigated whether we could 
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confirm the observations reported by Zhang et al. 
Then we investigated whether the inhibitory effect of 
glibenclamide was specific for prostaglandin F2~-in- 
duced contractions and whether another sulfonylurea, 
tolbutamide, would also exert this effect. We also 
looked whether the inhibitory influence was specific 
for aortic preparations and related to the endothelium. 
Lastly we also tried to analyse the mechanism of this 
enigmatic effect and to find out whether prostaglandin 
F2~ might influence the relaxation induced by K ÷- 
channel openers. 

2. Materials and methods 

2.1. Tension measurements  

The thoracic aorta and in some experiments the 
carotid artery were isolated from male Wistar rats (300 
g) and dissected free of surrounding tissue. Ring seg- 
ments (2-3 mm length) were prepared and mounted in 
muscle chambers (20 ml) containing a Krebs-Ringer 
bicarbonate solution (in mmol / l :  NaCI, 135; KC1, 5; 
NaHCO3, 20; glucose, 10; CaCI2, 2.5; MgSO4- 7 H 2 0  , 
1.3; KH2PO4, 1.2; EDTA, 0.026) at 37°C, through 
which a mixture of 95% 02-5% CO 2 was bubbled. The 
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rings were suspended under a tension of 0.5 g and the 
isometric force of contraction was measured with a 
force-displacement transducer (UC-2 cell Gould- 
Statham, Oxnard, CA, USA). The preparations were 
equilibrated under tension for 1 h before the start of 
the measurements. Four adjacent ring preparations 
could be mounted in parallel. The endothelium was 
removed from some preparations by gently rubbing the 
intimal surface with a roughened polyethylene tube 
(PE 50). In all these preparations, removal of the 
endothelium was functionally confirmed by the absence 
of relaxation to acetylcholine (10 ~M) after precon- 
traction. 

2.2. Drugs and statbtics 

Norepinephrine bitartrate, endothelin-1, U-46619 
(thromboxane A 2 mimetic), sodium fluoride (NaF), 
aluminium chloride (A1CI3) , L-phenylephrine hydro- 
chloride, glibenclamide, tolbutamide, 5-hydroxytryp- 
tamine creatinine sulfate complex (serotonin) were ob- 
tained from Sigma (St. Louis, MO, USA). Prosta- 
glandin E 2 (dinoproston; Prostin E z) and prosta- 
glandin F2~ (dinoprostum trometamolum; Dinolytic) 
were obtained from Upjohn (Puurs, Belgium). BRL 
38227 was a gift from Beecham Pharmaceuticals, Es- 
sex, UK. Krebs-Ringer bicarbonate solution with 120 
mM K ÷ (K 120 raM) was prepared by adequate 
equimolar replacement of NaC1 with KCI. Aluminium 
tetrafluoride anion (AlF 4 )  solution was prepared by 
adding 5 mM NaF and 10 /zM A1CI 3 to the normal 
Krebs-Ringer bicarbonate solution. 

All concentrations are expressed as final molar con- 
centrations in the organ bath. Concentration-response 
curves were made by cumulative addition of a small 
volume (200 ~1) in the experimental chamber (20 ml). 
All solutions were freshly prepared from appropriate 
stock solutions. Stock solutions were made in water 
except for glibenclamide, dissolved in dimethyl sulfox- 
ide and tolbutamide, dissolved in ethanol. The final 
concentration of dimethyl sulfoxide and ethanol was 
O.25%. 

Statistical significance was evaluated using Student's 
t-test for unpaired observations, n indicates the num- 
ber of preparations tested. 
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Fig. 1. Contraction (expressed as gram force) of rat aorta induced by 
increasing molar concentrations of prostaglandin F2~ , norepineph- 
rine and serotonin in the absence (e e) and presence of 
glibenclamide 1 /~M (e . . . .  e) or 10 /~M (A . . . .  A) (n = 5 - 1 1 )  (* *P 
< 0.02; * * *P < 0.01; . . . .  P < 0.001). 

trol rat aortic rings and on rings incubated for 10 min 
with glibenclamide (1 and 10 /xM) (n = 5-11). The 
results are presented in Fig. 1. They show that gliben- 
clamide at a concentration of 10/xM almost completely 
blocks the contraction induced by prostaglandin F2, , 
while it has less pronounced effect on the contractions 
induced by norepinephrine and serotonin ( n -  5-11). 
Additional experiments excluded the involvement of 
the solvent (0.25% dimethyl sulfoxide) (n = 4) in the 
inhibitory influence of glibenclamide on prostaglandin 
F2,-induced contractions and showed the reversibility 
of this inhibition after washout of the sulfonylureas 
(n = 3). In an additional series of experiments (n = 4) 
the influence of incubation with glibenclamide (10/zM) 
during 30 min was compared on contractions induced 
by norepinephrine and prostaglandin F2, ~. Similar re- 
sults as after the 10 min incubation were obtained. 

3.2. Influence of tolbutamide on contractions induced by 
norepinephrine, serotonin and prostaglandin Fe, 

3. Results 

3.1. Influence of glibenclamide on contractions induced 
by norepinephrine, serotonin and prostaglandin F2~ 

In a first series of experiments we investigated the 
contractile effects of increasing concentrations of 
prostaglandin F2, (0.1-30 /zM), norepinephrine (1 
nM-10 tzM) and serotonin (0.1 /zM-0.1 mM) on con- 

In a second series of experiments we investigated 
the contractile effects of increasing concentrations of 
prostaglandin F2, (0.1-30 /zM), norepinephrine (1 
nM-10/xM) and serotonin (0.1 /~M-0.1 mM) on con- 
trol rat aortic rings and on rings incubated for 10 min 
with tolbutamide (0.1 and 1 mM). The results are 
presented in Fig. 2. Like glibenclamide (10 tzM), tolbu- 
tamide (1 mM) almost completely blocks the contrac- 
tion induced by prostaglandin Fe~, while it has a much 
less pronounced influence on the contraction induced 
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Fig. 2. Contraction (expressed as gram force) of rat aorta induced by 
increasing molar concentrations of prostaglandin F2,, norepineph- 
rine and serotonin in the absence (e e) and presence of 
tolbutamide 0.1 mM (e . . . .  e) or 1 mM ( •  . . . .  • )  (n = 5) (*P < 0.05; 
* * *P < 0.01; . . . .  P < 0.001) .  

by se ro ton in  and  no  effect  on the  con t rac t ions  i nduc e d  
by n o r e p i n e p h r i n e  (n  = 5). A d d i t i o n a l  expe r imen t s  ex- 
c luded  the  involvement  of  the  solvent  (0.25% e thano l )  
(n  = 4) in the  inh ib i tory  inf luence  of  t o l b u t a m i d e  on  
p r o s t a g l a n d i n  Fz~- induced  con t r ac t ions  and  showed the  
revers ib i l i ty  of  this  inh ib i t ion  (n  = 3). 

3.3. Influence of  sulfonylureas on contractions induced 
by the thromboxane A 2 mimetic U-46619 and prosta- 
glandin E 2 

In  a n o t h e r  ser ies  of  e x p e r i m e n t s  the  effect  of  in- 
c r eas ing  c o n c e n t r a t i o n s  of  the  t h r o m b o x a n e  A 2 
mime t i c  U-46619 was t e s t ed  on  res t ing  p r e p a r a t i o n s  in 
the  p re sence  and  absence  of  d i f fe ren t  concen t r a t i ons  
of  g l i benc l amide  or  t o lbu t amide .  T h e  results ,  summa-  
r ized in Fig. 3, c lear ly  i l lus t ra te  the  p r o n o u n c e d  in- 
h ib i tory  in f luence  o f  t o l b u t a m i d e  and  g l ibenc l amide  
(n  = 5 -9 ) .  In  a d d i t i o n  the  inf luence  of  10 /zM gl iben-  
c l amide  was t e s t ed  on p r o s t a g l a n d i n  E2- induced  con-  
t rac t ions .  A l so  the  con t r ac t i on  i nduced  by p ros ta -  
g land in  E e was very s ignif icant ly  inh ib i t ed  in the  pres-  
ence  of  g l i benc l amide  (n = 6). 

3.4. Role of  endothelium 

T h e  inh ib i to ry  in f luence  of  g l i benc l amide  (10 /zM) 
on p r o s t a g l a n d i n  Fz~- induced  con t r ac t ion  (0.1 / z M - 3 0  
m M )  was also inves t iga ted  on  e n d o t h e l i u m - d e n u d e d  
p r epa ra t i ons .  The  absence  o f  func t iona l  e n d o t h e l i u m  
was assessed  by the  lack  of  re laxing  inf luence  o f  acetyl-  
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Fig. 3. Contraction (expressed as gram force) of rat aorta induced by 
increasing molar concentrations of the thromboxane A z mimetic 
U-46619 (A) in the absence (e e) and presence of gliben- 
clamide 1 tzM (e . . . .  e) or 10 /~M ( •  . . . .  • ) ,  (B) in the absence 
( e - - - - e )  and presence of tolbutamide 0.1 mM (e . . . .  e) or l mM 
( • . . . .  • ) (n = 5-9) ( *P < 0.05; . . . .  P < 0.001). 

chol ine .  T h e  resul ts  a re  shown in Fig. 4, showing tha t  
the  inh ib i tory  inf luence  of  g l ibenc lamide  on p ros ta -  
g land in  Fed- induced  con t rac t ion  is also p r o m i n e n t  in 
the  absence  of  e n d o t h e l i u m  (n  = 6). 

3.5. Influence of  glibenclamide (10 lz M) and tolbutamide 
(1 raM) on contractions induced by phenylephrine, en- 
dothelin-1, K 120 and aluminium tetrafluoride anion 
(AlF4- ) 

All  these  expe r imen t s  were  p e r f o r m e d  on p r e p a r a -  
t ions wi thou t  func t iona l  endo the l ium,  ev idenced  by the  
lack o f  re laxing inf luence  of  acety lchol ine .  Fig. 5 shows 
the  inf luence  of  g l i benc l amide  (n  = 5) and  t o l b u t a m i d e  
(n  = 4) on  con t rac t ions  i nduc e d  by the specif ic  a 1- 
a d r e n o c e p t o r  agonis t  p h e n y l e p h r i n e  (1 n M - 1 0  /xM). 
W h i l e  the  su l fonylurea  drugs  a lmost  comple t e ly  b lock  
the  con t rac t ion  induced  by p ro s t a g l a nd in  Fz~ on these  
p r e p a r a t i o n s ,  p h e n y l e p h r i n e - i n d u c e d  con t rac t ions  are  
a lmos t  not  inf luenced.  O n  the  same p r e pa ra t i ons ,  the  
effect  of  K 120 m M  was assessed.  I t  was found  tha t  the  
su l fonylurea  drugs  have no inf luence  on the cont rac-  
t ion i nduc e d  by depo l a r i za t i on  (n = 4-5) .  
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Fig. 4. Contraction (expressed as gram force) induced by increasing 
molar concentrations of prostaglandin F2~ on rat aorta without 
functional endothelium in the absence (e e) and presence of 
glibenclamide 10 ~M (e . . . .  e) (n = 6) ( *P < 0.05; . . . .  P < 0.001). 
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Fig. 5. Contraction (expressed as gram force) of rat aorta induced by 
increasing molar concentrations of pbenylephrine, endothelin-1 and 
potassium 120 mM in the absence (o o, open column) and 
presence of glibenclamide 10/zM (e . . . .  o, hatched column) or tolbu- 
tamide 1 mM ( •  . . . .  A, black column) (n = 4-5). 

In another series of experiments we also investi- 
gated the influence of glibenclamide on endothelin-1 
(0.1-10 nM) induced contractions. The contraction was 
slightly but not significantly inhibited, but the inhibi- 
tion was not as pronounced as the inhibiton of prosta- 
glandin F2,-induced contractions (n = 4) (Fig. 5). 

In separate series of experiments the influence of 
glibenclamide (n = 12) and tolbutamide (n = 8) on 
contractions induced by aluminium tetrafluoride anion 
was investigated. Both sulfonylureas exert a pro- 
nounced inhibitory influence on this contraction in- 
duced by activation of G-proteins (Fig. 6). 

3.6. Experiments on rat carotid arteries 

The influence of glibenclamide (10/.tM) on increas- 
ing concentrations of prostaglandin F2, ~ (0.1-30 /zM) 
was also assessed on carotid artery preparations. Also 
on this preparation the response to prostaglandin F2, 
is almost completely blocked in the presence of gliben- 
clamide 10/.tM (n = 4). 
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Fig. 6. Contraction of rat aorta (expressed as gram force) as function 
of time (minutes) induced by AIF 4 (A) in the absence (e o) 
and presence (e . . . .  o) of glibenclamide 10 /~M (n = 12) and (B) in 
the absence (e o) and presence (o . . . .  o) of tolbutamide 1 mM 
(n = 8) (*P  < 0.05; * *P < 0.02; * * *P < 0.01; . . . .  P < 0.001). 
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Fig. 7. Relaxation (expressed in percentage of pre-existing tone) in 
response to increasing molar concentrations of BRL 38227 on rat 
aortic rings precontracted with norepinephrine 0.1 p~M (o o) 
or prostaglandin F2= 20 p.M (o . . . .  o) (n = 6) ( *P < 0.05; * *P < 0.02). 

3.7. Activation of  ATP-regulated K + channels on 
prostaglandin F2~-induced contraction 

These experiments were performed on preparations 
with endothelium present. In these experiments the 
effect of increasing concentrations of the opener of 
ATP-regulated K + channels, BRL 38227, was com- 
pared on preparations precontracted with norepineph- 
rine (0.1 ~M) or prostaglandin Fza  (20 / zM) .  At these 
concentrations, these agonists elicit a comparable sub- 
maximal contraction on aorta preparations. Addition 
of increasing concentrations of BRL 38227 (10 nM-10  
tzM) elicits comparable relaxation responses, although 
the response on prostaglandin Fz,-precontracted 
preparations seems to be somewhat stronger (signifi- 
cant at 0.1 and 0.3/~M) (n = 6) (Fig. 7). 

4. Discussion 

The results of the present study provide evidence 
that the sulfonylureas glibenclamide and tolbutamide 
have other effects besides their well-known blocking 
influence on ATP-regulated K + channels. 

Our study supports the original observation re- 
ported by Zhang et al. (1991) that glibenclamide re- 
laxes prostaglandin F2,-contracted rat aorta and ex- 
tends this observation by showing that tolbutamide, 
another blocker of ATP-regulated K + channels, has a 
similar influence, although this requires a 100-fold 
higher concentration. This is, however, not surprising 
since tolbutamide is known to be less potent as a 
blocker of ATP-regulated K + channels (cf. Zhang et 
al., 1991). In preliminary experiments we also found 
that a similar higher concentration is required to block 
the relaxing effect of the K + channel opener BRL 
38227. Notwithstanding the similarity of both sulfony- 
lureas in their relative potency in blocking ATP-regu- 
lated K + channels and in blocking the prostaglandin 
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F2~ contraction, their influence on prostaglandin F2~ 
contraction is difficult to relate to interference with 
ATP-regulated K + channels. Inhibition of the effiux of 
K + would elicit an excitatory effect rather than an 
inhibitory effect. 

It is well known that antagonists can have a partial 
agonistic effect. It thus could be argued that the in- 
hibitory effect of the sulfonylureas might be due to an 
activation of K + channels leading to a relaxation which 
is not overcome by the addition of prostaglandin F2~. 
This hypothesis is, however, difficult to support since it 
is quite difficult to understand why the contractile 
effects of other agents are not blocked. One argument 
could be that a prostaglandin contraction is more sen- 
sitive to inhibition by K + channel opening than other 
contractions. Therefore  we compared concentration-re- 
laxation responses of the known opener of ATP-regu- 
lated K + channels, BRL 38227, on contractions in- 
duced by prostaglandin F2, ~ and norepinephrine. The 
results show that BRL 38227 elicits a similar response 
independent  of the contractile agonist. There is thus 
no evidence for a higher sensitivity to an opener of K + 
channels in prostaglandin F2~- than in norepineph- 
rine-contracted preparations. 

In order  to find out the possible mechanism respon- 
sible for the inhibitory influence of sulfonylureas on 
prostaglandin F2, contraction, we also investigated 
whether this effect was specific for prostaglandin F2, ~- 
induced contraction. Therefore  we compared the influ- 
ence of both sulfonylureas on contractions induced by 
prostaglandin F2~, norepinephrine and serotonin. It 
was found that the sulfonylureas in a concentration 
that almost completely blocks the prostaglandin F2,-in- 
duced contractions, have no or only a limited influence 
on the contractions induced by serotonin or nor- 
epinephrine. These results provide evidence that the 
influence of the sulfonylureas cannot be explained by a 
non-specific effect on the contractile process. The ob- 
servation that the difference in sensitivity is similar 
even after 30 rain incubation of the preparations with 
glibenclamide illustrates that an incubation time of 10 
rain is sufficient to ensure maximal influence. 

In a further series of experiments, we investigated 
the possible influence of the sulfonylureas on contrac- 
tions induced by other prostanoids. It was found that 
the contractions induced by prostaglandin E 2 and the 
thromboxane A 2 mimetic U-46619 are also blocked. 
An inhibitory influence of glibenclamide on thrombox- 
ane A2-induced contraction in dog coronary artery has 
previously been reported by Cocks et al. (1990). The 
sulfonylureas thus seem to interfere with different 
prostanoid-indueed contractions. 

The vascular endothelium is considered as a potent 
modulator of vascular tone, mainly by releasing NO 
(Moncada et al., 1991). The release of this relaxing 
substance is stimulated by a variety of agonists. There- 

fore we investigated whether the endothelium could be 
involved in the inhibitory effect of sulfonylureas on 
prostanoid-induced contractions. Since similar effects 
were observed on endothelium-denuded as on en- 
dothelium-intact preparations, this hypothesis can be 
excluded. The influence thus should be situated at the 
level of the smooth muscle cells. 

Contraction of smooth muscle cells relies on the 
increase in cytosolic calcium as a result either from 
influx through the cell membrane, or from release from 
the endoplasmic reticulum. Influx of calcium occurs 
when voltage-operated calcium channels are opened by 
depolarization of the cell membrane (Nelson et al., 
1990). This mechanism is responsible for the contrac- 
tion elicited by K 120 mM. From the fact that this 
contraction is not blocked by glibenclamide it can be 
concluded that the sulfonylureas do not interfere with 
the voltage-operated calcium channels. 

The action of prostanoids has been associated with 
different receptor subtypes and different transduction 
systems, mainly stimulation of adenylyl cyclase, increas- 
ing cAMP levels and stimulation of phospholipase C, 
resulting in inositol 1,4,5-trisphosphate and diacyl- 
glycerol formation (Coleman et al., 1994). Since cAMP 
decreases tone in rat aortic smooth muscles, this mech- 
anism is not involved in the prostaglandin-induced 
contractions. On the other hand, stimulation of phos- 
phoinositol turnover results in contraction of rat aorta. 
This mechanism is considered as the transduction 
mechanism after stimulation of FP- and TP-prostanoid 
receptor subtypes (Coleman et al., 1994) and thus is 
very likely to be responsible for the prostanoid contrac- 
tions in our experiments. 

In a further series of experiments we therefore 
investigated whether the sulfonylureas would interfere 
with the pathway stimulated by activation of phospho- 
lipase C. It is accepted that this pathway is activated 
after stimulation of al-adrenoceptors  (Minneman, 
1988) and endothelin-1 (Masaki et al., 1994) receptors. 
Therefore  we studied the influence of glibenclamide 
on contractions induced by the specific a~-adrenocep- 
tor agonist phenylephrine and by endothelin-1. To 
exclude possible interference from the endothelium, 
these experiments were performed on endothelium-de- 
nuded preparations. From the fact that these contrac- 
tions are not blocked, it can be concluded that the 
influence of the sulfonylurea compounds cannot be 
explained by interference within the pathway following 
phospholipase C activation. 

The observations with endothelin-1 and phenyl- 
ephrine indicate that the inhibitory influence of sul- 
fonylureas on prostanoid-induced contractions must be 
explained by interference with either the prostanoid 
receptors or the G-proteins coupling the receptor to 
phospholipase C. In order to locate the level of sul- 
fonylurea interaction we investigated their influence on 
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con t rac t ions  i nduced  by a lumin ium t e t r a f luo r ide  anion.  
This  mo lecu l e  moie ty  has  a s imi lar  s t ruc ture  to P O  3 -  
and  is ab le  to in te rac t  with guanos ine  5 ' - d iphospha t e  
s i tua ted  on  the  a - s u b u n i t  of  the  G-pro te ins ,  resu l t ing  
in ac t iva t ion  by mimick ing  G T P  at this  b ind ing  site 
(Wu et al., 1992). T h e  obse rva t ion  tha t  the  con t rac t ion  
i nduced  by a l u m i n i u m  t e t r a f luo r ide  an ion  is signifi- 
cant ly  b locked  by the  su l fonylureas  ind ica tes  tha t  the i r  
inh ib i tory  inf luence  on p ro s t ano id  con t rac t ion  might  be  
s i tua ted  in the  s ignal  t r ansduc t ion  system(s),  poss ibly  
ce r ta in  G-p ro t e in s ,  l inking ra t  aor t ic  p r o s t a n o i d  recep-  
tors  to the  inc rease  in phospho inos i t o l  tu rnover  (Cole-  
man  et  al., 1994). A poss ib le  i n t e r f e rence  with  
p r o s t a n o i d  r ecep to r s  can,  however ,  not  be  excluded,  
cons ide r ing  tha t  g l i benc l amide  was r e p o r t e d  to have 
t h r o m b o x a n e  A 2 r e c e p t o r  an tagon is t i c  p r o p e r t i e s  
(Cocks  et  al., 1990). 

In  summary ,  we can  conc lude  tha t  the  su l fonylureas  
g l i benc l amide  and  t o l b u t a m i d e  a re  not  only  b lockers  of  
A T P - d e p e n d e n t  K ÷ channels ,  bu t  tha t  they  also have 
an i m p o r t a n t  inhib i tory  inf luence  on  p ros t ano id - in -  
d u c e d  vasocons t r ic t ion .  This  in f luence  is not  l imi ted  to 
the  ao r t a  of  the  rat ,  bu t  is also obse rved  in the  ra t  
ca ro t id  ar tery.  W h e t h e r  this  in f luence  is also p r e s e n t  in 
smal le r  b l o o d  vessels  and  o the r  smoo th  musc le  p r e p a -  
ra t ions  mus t  fu r the r  be  inves t iga ted .  
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