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ABSTRACT Several nonsteroidal benzothiophene derivatives that share many of the properties 
of estrogen have been synthesized as potential estrogen replacement therapy in postmenopausal 
women. LY117018 i s  a prototypic benzothiophene derivative that has high binding affinity for the 
estradiol receptor, an affinity similar to that of estradiol. The present study was designed to com- 
pare the vascular effects of p-estradiol to those of LY117018. Estradiol (lo-' M) was a relatively weak 
inhibitor of the contractile responses to norepinephrine, serotonin, and U46619 in the rat aorta. 
Inhibition of the contraction to these receptor agonists by P-estradiol was a reflection of the weak 
calcium channel antagonist activity of P-estradiol as demonstrated by the inhibition of the calcium 
agonist-induced contractions produced by BayK 8644. Like f3-estradiol, LY117018 (lop6 and 10- M) 
also inhibited the contractile responses to norepinephrine, serotonin, U46619, and BayK 8644. 
However, LY117018 was a more potent calcium channel antagonist in vascular tissue than p-estra- 
diol. Inhibition of these contractile responses by both p-estradiol and  LY117018 was independent 
of an intact endothelium. Since 6-estradiol and LY117018 possess similar affinity for the p-estradiol 
receptor, yet have different abilities to produce calcium channel blockade in vascular tissue, it is 
unlikely that calcium channel blockade by these agents is related to their ability to bind to the 
estrogen receptor. Furthermore, to the extent that calcium channel inhibition may contribute to 
the beneficial clinical effects of estrogen, LY117018 may have important advantages relative to 
estrogen as replacement therapy in postmenopausal women. o 199G WileY-Liss, Inc. 
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I N TRO D U CTlON 

Replacement therapy with estrogen is generally 
acknowledged to produce positive benefits on the car- 
diovascular system in post-menopausal women 
[Knopt, 19883. Although the beneficial cardiovascular 
effects of estrogen may involve alterations in lipid pro- 
file [Knopt, 19881, data are emerging to suggest that 
estrogen may also have beneficial effects on vascular 
responses of atherosclerotic coronary arteries [ Gis- 
clard et al., 1988; Williams et a]., 1990; Gangar et al., 
1991; Williams et al., 19921. With regard to the vas- 
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cular eEects of estrogen, both endothelial-indepen- 
dent [Jiang et al., 1991, 1992; Cheng and Gruetter, 
1992; Mugge et al., 1993; Salas et al., 19941 and en- 
dothelial-dependent effects [Williams et al., 1992; 
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Chcng ct al., 1994; Gilligan ct al., 1994; Kcis ct al., 
19941 have been described. In addition, several re- 
ports have suggested that the vasodilating effects of 
estradiol and/or its ability to attenuate contractile re- 
sponses may be mediated by inhibition of calcium 
influx via voltage-dependent calcium channels [ Jiang 
et al., 1991, 1992; Collins et al., 1993; Muck et al., 
1994; Salas et al., 19941, Others have postulated that 
estradiol may enhance cyclic AMP and cyclic CMP 
content [Mugge et al., 19931 or increase ATP-sensi- 
tive Kf channels [Sudhir et al., 19951. 

Most recently, a new group of nonsteroidal ben- 
zothiophene derivatives that share several of the 
properties of estrogen has been described. A proto- 
typic agent from the benAothiophcne series of analogs 
is LY117018 HCl [Jones et al., 19841. These deriva- 
tives, including LY117018 HC1, have relatively high 
binding affinity for the estradiol receptor, an affinity 
similar to that of estradiol [Uchiurni et al., 19911. 
However, although possessing properties similar to 
estrogen, LY 1170 I8 appears to have some differences 
and may express its effects as both agonist and antag- 
onist activities, depending upon the system studied 
[Gordon et al., 19851. The purpose of the present 
study was to compare the vascular effects of estrogen 
and LY117018 HC1, a selective estrogen receptor 
modulator (SERM), two agents with high affinity for 
the estrogen receptor. 

MATERIALS AND METHODS 

Male Wistar rats (250-350 g) (Charles River 
Laboratories, Portage, MI) were sacrificed by cervical 
dislocation. The aorta was removed and cleaned of 
extraneous tissue and cut into ring segments, each 
approximately 4-5 mm long. In some tissues, endo- 
thelium was removed by rotating the ring segmcnt 
around the tip of a forceps 10 times. Lack of tissue 
relaxation to acetylcholine (lo-‘ M) after contraction 
with norepinephrine M) was used as evidence 
for denuded endothelium. Tissues with an intact en- 
dotheliurn relaxed to acetylcholine with 88.5 * 1.6% 
(n = 11) relaxation. 

Ring segments wcrc placed between two stain- 
less steel hooks and mounted in isolated organ baths 
containing 10 nil of modified Krebs’ bicarbonate 
buffer of the following composition (mM): NaCl, 
118.2; KC1, 4.6; CaC1,-2H,O, 1.6; KH,PO,, 1.2; 
MgSO,, 1.2; glucose, 10; and NaHCO,, 24.8. Organ 
bath solutions were aerated with 95% 0,/5% CO, and 
maintained at 37°C. Tissues were placed under an 
optimal force of 4 g and equilibrated for 1 h with 
washes every 15 min. Changes in force were recorded 

and analyzed by a Biopac MPl00 (World Precision 
Instruments, Sarasota, FL) data acquisition system 
via Sensotec (model MRL 5514-02) transducers (Sen- 
sotec, Columbus, OH). 

All tissues were initially challenged with KC1 (67 
mM) to establish viability. Concentration-response 
curves were generated in a cumulative fashion and 
are reported as a percentage of an initial KCI contrac- 
tion (67 mM) produced in each tissue. Vehicle, p- 
estradiol, or LY117018 was added to the tissues 60 
min prior to initiating the concentration-response 
curves to agonists. In studies with BayK 8644, tissues 
were exposed to 10 mM KCI prior to initiating the 
concentration-response curves for BayK 8644. Only 
one agonist concentration-response curve was gener- 
ated in each tissue. All results are expressed as mean 
k S E ,  where n reprwents the number of rings exam- 
ined. 

CHEMICALS 

5-HT, acctyleholine, norepinephrine, U46619, 
and 17 hydroxy were purchased from Sigma Chem- 
ical Co. (St. Louis, MO). BayK 8644 was purchased 
from Rcsearch Biochemicals Inc. (Natick, MA). Dilt- 
iazem and LY117018 (used as the hydrochloride salt 
with cornpoiind designation LY 139478) were synthe- 
sized in the Lilly Research Laboratories (Indianapolis, 
IN). 

RESULTS 

The contractile response of rat aorta to nor- 
epinephrine, serotonin, and the thromboxane mi- 
metic, U4661Y was clearly dependent on the endo- 
theliiirn (Fig. 1). For each agonist, the contractile re- 
sponse was greater in the absence of the endothelium 
suggesting that the contractile response was modu- 
lated by relaxant agonist(s) released from the endo- 
thelium. 

Responses to norepinephrine, serotonin, and 
U46619 were not markedly affected b y  P-estradiol 
(10P and 1 0 P  M) when the endotheliurn was intact 
(Fig. 2). Only with M P-estradiol was there a 
modest dextral shift of the contractile response to 
serotonin and U46619. The effects of P-estradiol on 
norepinephrine-induced contractions were complex. 
P-Estradiol produced a modest potentiation of the 
contractile response to low concentrations of norcpi- 
iiephrine (<3 x 1 0 P  M) and an inhibition of the 
contraction to maximal concentrations of norepineph- 
rine (2 LOp7 M) when the endothelium was intact. 
Similar observations were made in the rat aorta when 
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Fig. 1. Contractile responses to norepinephrine (top), serotonin 
(middle), and U46619 (bottom) in rat aortic rings in the presence 
and absence of the endothelium. Endothelium integrity was mea- 
sured by challenge with acetylcholine as indicated in the meth- 
ods. Points are mean values, and vertical bars represent the stan- 
dard error of the mean for the number of rings indicated in 
parentheses. 

the endothclium was removed (Fig. 3) .  Again, the 
highest concentration of P-estradiol ( M) inhib- 
ited the contractile responses to norcpincphrine, se- 
rotonin, and U46619. Serotonin-induced contractions 
appeared to be most sensitive to inhibition by p-es- 
tradiol. 

In contrast to p-estradiol, the nonsteroidal ben- 
zothiophene derivative LY 117018 (lo-" and lo-" M) 
potently inhibited contractile responses to norepi- 
nephrine, serotonin, and U46619 in rat aorta, and 
again the inhibition of the contractile response ap- 
peared independent of the endothelium (Figs. 4, 5). 
As with P-estradiol, LY117018 was more potent in 
inhibiting the contractile response to serotonin rela- 
tive to norepinephrine or U46619. 

Serotonin-induced contraction is known to use 
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Fig. 2. Effect of P-estradiol on the contractile response to  nor- 
epinephrine (top), serotonin (middle), and U46619 (bottom) in rat 
aorta possessing an intact endothelium. Points are mean values, 
and vertical bars represent the standard error of the mean for the 
number of rings indicated in parentheses. 

extracellular calcium via voltage dependent calcium 
channels, whereas vascular contraction to norepineph- 
rine is more heavily dependent 01-1 the activation of 
pliosphoinositide turnover and the utilization of intra- 
cellular stores of calcium. Thus, contractions to sero- 
tonin are more sensitive to inhibition by calcium chan- 
nel antagonists than contractions to norepinephrine 
[Cohen and Berkowitz, 1976; Gouw et al., 19891. Be- 
cause LY117018 appeared to exert its greatest effec- 
tiveness to inhibit serotonin-induced contractile re- 
sponses, we considered the possibility that LY 117018 
was acting as a calcium channel antagonist. For this 
reason, we examined the effectiveness of both p-es- 
tradiol and LY 117018 to inhibit contractile responses 
induced by the calcium agonist BayK 8644 [Brown et 
al., 19841. 

In rat aortic preparations with an intact endo- 
thelium, both P-estradiol and LY117018 inhibited the 
contractile response produced by BayK 8644 in par- 
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Fig. 3. Effect of p-estradiol on the contractile response to nor- 
epinephrine (top), serotonin (middle), and U46619 (bottom) in rat 
aortic rings without an intact endothelium. Points are mean val- 
ues, and vertical bars represent the standard error of the mean for 
the number of rings indicated in  parentheses. 

tially depolarized preparations (Fig. 6). In a concen- 
tration of M, both LY117018 and P-estradiol es- 
sentially abolished the contractile response to BayK 
8644. However, at lop7 M LY11’7018 was more effec- 
tive than p-estradiol in inhibiting the contractile re- 
sponse to BayK 8644. 

When the endothelium was removed, several 
quantitative d ~ e r e n c e s  in the responsiveness to 
BayK 8644 and its inhibition by P-estradiol and 
LY117018 became apparent (Fig. 7). First, contractile 
responses to BayK 8644 were reduced when the en- 
dothelium was removed, as compared to contractile 
responses in the presence of an intact endothelium 
(cf. Figs. 6, 7). Furthermore, when the endothelium 
was removed, inhibition of the contraction to BayK 
8644 by LY117018 and p-estradiol, although still ap- 
parent, was reduced. Both p-estradiol and LY117018 
were less potent inhibitors of BayK 8644-induced con- 
tractions in rat aortic preparations lacking the endo- 
thelium. Nevertheless, these data with BayK 8644 
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Fig. 4. Effect of LY117018 on the contractile response to norepi- 
nephrine (top), serotonin (middle), and U46619 (bottom) in  rat 
aorta possessing an intact endothelium. Points are mean values, 
and vertical bars represent the standard error of the mean for the 
number of rings indicated in parentheses. 

document marked inhibition of the contractile re- 
sponse to this calcium agonist by both p-estradiol and 
LY 117O18 and confirmed the more potent inhibitory 
effects of LY117018 relative to P-estradiol. 

Lastly, we wanted to compare the inhibition 
produced by LY117018 to that produced by a classical 
voltage-dependent calcium channel antagonist, dilt- 
iazern. For these experiments, we used rat aortic 
rings lacking endothelium. (Fig. 8) In a concentration 
of lop‘ M, but not at lop7 M, diltiaxm significantly 
inhibited the contractile response to BayK 8644, and 
the inhibition appearcd qualitatively similar to that 
observed with LY117018 (cf. Figs. 7, 8). 

DISCUSSION 

The ability of estrogen to block calcium channels 
may contributc to thc beneficial effects of estrogen 
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Fig. 5. Effect of LY117018 on the contractile response to norepi- 
nephrine (top), serotonin (middle), and U46619 (bottom) in rat 
aortic rings without an intact endothelium. Points are mean val- 
ues and vertical bars represent the standard error of the mean for 
the number of rings indicated in parentheses. 

when used as replacement therapy in postmenopausal 
women [Jiang et al., 19911. Estrogen is known to pos- 
sess calcium channel antagonist activity, an effect that 
has been observed in rabbit and pig coronary arteries 
[Jiang et al., 1991, 1992; Salas et al., 19941. 

Interestingly, although P-estradiol inhibited the 
contraction to the calcium channel agonist BayK 8644, 
higher concentrations of P-estradiol were required to 
inhibit norepinephrine, serotonin, and 1J46619-in- 
duced contractile responses in rat aorta. In fact, when 
the endothelium was intact, P-estradiol had only a 
modest effect on norepinephrine-induced contrac- 
tions, and its effect appeared to be biphasic, potenti- 
ating contraction to low concentrations of norepineph- 
rine and inhibiting contractile responses to higher 
concentrations of norepinephrine. The small potenti- 
ation of contractile responses to low concentrations of 
norepinephrine may be related to the ability of the 
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Fig. 6. Effect of p-estradiol (top) and LY117018 (bottom) on the 
contractile response of rat aorta possessing an intact endothelium 
to BayK 8644. Points are mean values, and vertical bars represent 
the standard error of the mean for the number of tissues indi- 
cated in parentheses. 

endothelial enzymes to metabolize cstradiol to cate- 
chol estrogen (via hydroxylation) [Fishman et al., 
19601. Catechol estrogen is an excellent substrate for 
catechol-o-methyl transferase (COMT) and an inhibi- 
tor of extraneuronal uptake mechanisms [Ball et al., 
1972 a,b; Barone et al., 19871. The ability of catechol 
estrogen to compete for COMT, which is a major de- 
gredating enzyme for norepinephrine, may account 
for the enhanced contraction to low concentrations of 
norepinephrine. This possibility is consistent with 
previous reports documenting the ability of estradiol 
to enhance pressor responses to norepinephrine [Ball 
et al., 19721. As the norepinephrine concentration is 
increased and COMT is maximally inhibited, a small 
inhibitory effect of P-estradiol (possibly due to its cal- 
cium antagonist activity) becomes apparent. This ex- 
planation for the complex effects of P-estradiol on nor- 
epinephrine-induced contraction in the presence of 
the endothelium is consistent with the inability of 
P-estradiol to enhance the contractile responses to 
norepinephrine in tissues that lack the endothelium 
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Fig, 8. Effect of diltiazem (1W6 and lo-' M) on the contractile 
response to  BayK 8644 in  rat aorta lacking an endothelium. Points 
are mean values, and vertical bars represent the standard error of 
the mean for the number of tissues indicated in parentheses. 

and its inability to enhance the contraction to seroto- 
nin and U46619 in rat aortas possessing an intact en- 
dothelium. 

Nevertheless, relatively high doses of p-estra- 

diol have been required to demonstrate the calcium 
channel antagonist effects in vitro (Figs. 6, 7), and the 
relevance of these effects to the hemodynalnic and 
clinical eBects of P-cstradiol are unclear. Recent stud- 
ies, however, have documented that the potency of 
estrogen to relax the rat aorta (presumably mediated 
by calcium channel antagonist effects) is less than the 
potency required to relax the porcine coronary artery 
[Salas et al., 19941. Moreover, a recent study has 
demonstrated that although high concentrations of 
p-estradiol are required acutely to relax the porcine 
or rabbit coronary artery [Salas et al., 19941 or rat 
aorta (present study), considerably lower concentra- 
tions of 17P-estradiol (3 nM to 3 pM) were capable of 
relaxing human coronary arteries [Mugge et al., 
19931. The calcium channel antagonist effects in thc 
rat aorta (present studies) as well as in the coronary 
arteries [Jiang et al., 1991, 1992; Salas et al., 19941 
were all endothelium independent, suggesting that 
this effect of P-estradiol is an effect directly on the 
vascular smooth muscle. 

Recently, several groups have attempted to 
identify compounds that might mimic the beneficial 
heniodynamic eEects of estrogen while minimizing 
the uterotropic or undesirable effects of estrogen 
when used as replacement therapy. In this regard, a 
series of partial agonist coinpounds of the ben- 
zothiophene structure have been described [Jones 
et al., 19841, of which LY117018 HCl is a prototypic 
agent. Although this agent is known to possess similar 
affinity for the estrogen receptor as 17P-estradiol 
[Uchiumi et al., 19911, little is known regarding its 
vascular effects. The present study clearly demon- 
strates that LY117018 can antagonize vascular con- 
tractile responses induced by the calcium agonist 
BayK 8644 documenting its calcium channel antago- 
nist activity. In this regard, LY117018 was more 
potent than 17P-estradio1, a conclusion consistent 
with its ability to inhibit contraction to the calcium 
agonist BayK 8644 and its marked inhibitory effect on 
contractile responses to norepinephrine, serotonin, 
and U46619. Furthermore, like 17p-estradio1, its 
ability to inhibit the contractile responses to these 
agonists was independent of an intact endothelium. 

Thus, LY117018 was a more potent calcium 
channel antagonist than P-estradiol. However, in or- 
der to provide some information regarding the rele- 
vance of these obse~liations to the in vivo activity of 
LY117018, we coinpared the vascular calcium channel 
antagonism by LY117018 to that of a classical calcium 
channel antagonist, diltiazem. The antagonism of 
BayK 8644-induced contractions occurred over a sim- 
ilar concentration range for both diltiazem and 
LY117018 (Figs. 7, 8) suggesting that calcium channel 
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blockade by this prototypic benzothiophene deriva- 
tive may have clinical relevance. 

The calcium channel antagonist activity of estro- 
gen and LY 117018 is probably unrelated to their ability 
to bind to the estrogen receptor for several reasons. 
First, both compounds had similar affinity at the es- 
trogen receptor [Uchiumi et al., 19913, yet LY117018 
was considerably more potent as a calcium channel 
antagonist than P-estradiol. Second, the ability to in- 
hibit contractile responses occurred acutely in these 
studies suggesting that a nuclear event was not re- 
quired. Third, previous data have shown that 17a- 
estradiol, which binds with lower affinity to the es- 
trogen receptor, was approximately equipotent to 
l7a-estradiol in relaxing pig coronary arteries [Salas et 
al., 19941. 

Thus, the present studies confirm an acute in 
vitro effect of P-estradiol to inhibit calcium channels 
in vascular tissue using the rat aorta by demonstrating 
inhibition of BayK-8644- induced contraction in rat 
aorta, effects independent of the endothelium. These 
studies further document for the first time that 
LY 117018 HCl, a prototypic benzothiophene deriva- 
tive which binds with similar affinity to the estrogen 
receptor as 17P-estradio1, is a more potent calcium 
channel antagonist in vascular tissue than estrogen. 
Furthermore, these comparative studies provide ad- 
ditional data to support the contention that the cal- 
cium channel blockade by estrogen arid LY117018 is 
unrelated to the ability of these agents to bind to the 
estrogen receptor. If calcium channel inhibition con- 
tributes to the clinical effects of estrogen, LY117018 
may have some important advantages relative to es- 
trogen as replacement therapy in postmenopausal 
women. 
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