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Tetrahydroisoquinoline (THI) alkaloids can be considered as cyclized derivatives of simple phenylethy-
lamines, and many of them, especially with 6,7-disubstitution, demonstrate relatively high affinity for
catecholamines. Two -OH groups at 6 and 7 positions are supposed to be essential to exert S-receptor
activities. However, it is not clear whether -OH at 6,7 substitution of THIs also shows a-adrenoceptor
activities. In the present study, we investigated whether -OH or -OCH; substitutions of 6,7 position of
THIs differently affect the ai-adrenoceptor affinity. We synthesized two 1-naphthylmethyl THI alkaloids,
1-3-naphthylmethyl-6,7-dihydroxy-1,2,3,4-tetrahydroisoquinoline HBr (YS 51) and 1-3-naphthylmethyl-6,
7-dimethoxy-1,2,3,4-tetrahydroisoquinoline HC1 (YS 55), and their pharmacological actions on a;-adreno-
ceptor were compared. YS 51 and YS 55, concentration-dependently relaxed endothelium-denuded rat
thoracic aorta precontracted with phenylephrine (PE, 0.1 yM) in which pECs, were 5.89-+0.21 and 5.93+
0.19, respectively. Propranolol (30 nM) did not affect the relaxation-response curves to YS 51 and YS
55. Concentration-response curves to PE were shifted to right by the pretreatment with YS 51 or YS S55.
The pA; values of YS 51 and YS 55 showed 6.05-+0.24 and 5.88 +0.16, respectively. Both probes relaxed
KCl (65.4 mM)-contracted aorta and inhibited CaCly-induced contraction of PE-stimulated endothelium-
denuded rat thoracic aorta in Ca’"-free solutions. In isolated guinea pig papillary muscle, 1 and 10 yM
YS 51 increased contractile force about 4- and 8— fold over the control, respectively, along with the
concentration-dependent increment of cytosolic Ca’* ions. While, 10 UM YS 55 reduced the contractile
force about 50 % over the control and lowered the cytosolic Ca’" level, in rat brain homogenates, YS
51 and YS 55 displaced [H]prazosm blndmg competitively with Ki 0.15 and 0.12 pM, respectively.
However, both probes were ineffective on [*H]nitrendipine binding. Therefore, it is concluded that two

synthetic naphthylmethyl-THI alkaloids have considerable affinity to a;-adrenenoceptors in rat aorta and
brain.
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INTRODUCTION

Alpha (a)-adrenoceptors mediate many important
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physiological functions, and the development of a-
adrenoceptor antagonists is important in clinical medi-
cine, particularly for the treatment of cardiovascular
disorders. Tetrahydroisoquinoline (THI) alkaloids be-
long to a group of naturally occurring pharmacologi-
cally active compounds, because THIs can also be
considered as cyclized derivatives of simple pheny-
lethylamines. Since some of the THIs demonstrate
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Fig. 1. Chemical structure of YS 51 and YS 55.

relatively high affinity for both a-adrenoceptor
(Osswald et al, 1975; Glusa et al, 1990; Ivorra et al,
1992; Chulia et al, 1994) and B-adrenoceptor (Iwa-
sawa & Kiyomoto, 1967; Asoke et al, 1985; Chang
et al, 1994a; Lee at al, 1994; Lin et al, 1996), THIs
can be regarded as potential sources to develop new
pharmacological agents acting on a and 8-adrenocep-
tors. So far, it has been reported that -OH or -OCHj;
groups at 6,7 positions of THIs are highly active in
the cardiovascular system (Iwasawa & Kiyomoto, 1967;
Asoke et al, 1985; King et al, 1988; Chang et al,
1992; Shin et al, 1993, Chang et al, 1994a, 1994b;
Chang, 1995; Lin et al, 1996). It has been suggested
that compounds having two -OH groups at 6 and 7
positions of THI are essential to exert B-receptor
activities (Iwasawa & Kiyomoto, 1967; Chang et al,
1994a; Lee at al, 1994; Lin et al, 1996). However,
it is not clear whether -OH at 6,7 substitution of THIs
also shows a-adrenoceptor activities. In relation to
this question, we synthesized two THI derivatives
having either -OH or -OCHj at 6 and 7 positions, i.e.,
1-B-naphthylmethyl-6,7-dihydroxy-1,2,3,4-tetrahydroi
soquinoline HBr (YS 51) and 1-B-naphthylmethyl-6,
7-dimethoxy-1,2,3,4-tetrahydroisoquinoline HCl (YS
55) (Fig.1). Then, we compared the pharmacological
properties of these compounds on @, -adrenoceptors.
The following studies were conducted: functional
studies of isometric tension measurements using iso-
lated rat aorta; measurements of cytosolic Ca®* con-
centration and contractile force using guinea pig pa-
pillary muscle; and receptor binding studies with [*H]
prazosin and [*H] nitrendipine using rat brain homo-
genates, since some of THIs have strong affinity for
dihydropyridine binding sites (Dong et al, 1992).

METHODS
Synthesis of YS 51 and YS 55

N-(3’,4’-Dimethoxyphenylethyl)-3-naphthylaceta-
mide was prepared by condensating 3,4-dimethoxy-
phenylethylamine with 2-naphthyl acetic acid. Cyclo-
dehydration of the above amide (3.5 g) was processed
with phosphorus pentachloride (2.7 g) in CHCl; yield-
ing 1-B-naphthyl-6,7-dimethoxy-3,4-dihydroisoquino-
line HC1 (3.3 g). Reduction of this dihydroisoquino-
line (3 g) with NaBH4 in ethanol provided 2.6 g of
1-3-naphthyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquin
oline HCI. (YS 55) (Yun-Choi et al, 1986). Demethy-
lation from YS 55 (2.5 g) was achieved by refluxing
YS 55 with the mixture of acetic acid (4 ml) and 47%
HBr (3 ml) yielding 1.9 g of 1-3-naphthylmethyl-6,
7-dihydroxy-1,2,3,4-tetrahydroisoquinoline HBr (YS 51).

Effects of YS 51 and YS 55 on vascular smooth
muscle

Male Sprague Dawley rats (250~300 g) were an-
esthetized with pentobarbital sodium (35 mg/kg, i.p).
Thoracic aorta was rapidly removed from rats. Trans-
verse endothelium-denuded rings (2.5 mm wide) were
prepared, and isometric contraction was measured as
previously described (Chang et al, 1993). Each ring
was briefly mounted vertically at 1 g resting tension
in a 10 ml organ bath, containing Krebs-Ringer bicar-
bonate solution of the following composition (mM):
NaCl, 118; KCI, 4.7; CaCl,, 2.5; MgSO,, 1.18;
KH;PO4, 1.18; NaHCO;, 24.9; glucose, 10; EDTA,
0.03. The bath solution was maintained at 37°C and
gassed with 95% O, and 5% CO,. Relaxation to YS
51 and YS 55 was assessed in vessels contracted with
sub-maximal concentration of phenylephrine (PE, 0.1
uM) or KCl1 (65.4 mM). Experiments were performed
in the presence of indomethacin (10 yM) to prevent
the potential effects of prostanoids. Some experiments
were performed separately in the presence of pro-
pranolol (30 nM) to examine the vasodilatory mecha-
nism of the probes. Isometric tension was measured
through force displacement transducer (FT-03) and
recorded on a Grass physiograph. Cumulative concen-
tration-response curves to YS 51 and YS 55 were
formed and the half-maximally effective concentra-
tion was determined and expressed in pECsp (negative
logarithm of ECsp) value. For contraction study, con-
centration-response data were obtained by cumulative
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addition of PE to the tissue bath. Test drugs were
added to the tissue bath 20 min before the response
to PE was tested. The degree of relaxation was ex-
pressed by calculating the level of contraction due to
PE (0.1 uM) in percentage terms. When testing con-
strictor shows responses, contractile responses were

expressed in percentage of the contractile response to
KCl (65.4 mM).

PA2 analysis

pA; analysis was performed by using a computer
program Schild plot (Arunlaksa & Schild, 1959). The
concentration of agonist necessary to give a half-
maxima; response in the presence of each concentra-
tion of antagonist was divided by the concentration
giving a half-maximal response in the absence of an-
tagonist in order to determine the dose ratio (DR).
Data were plotted as the -log (antagonist concentra-
tion) (M) vs. the log (DR-1). When DR was 2, the
-log (antagonist concentration) was taken as the pA;
value from the Schild plot.

Membrane preparation for receptor binding study

Cortical tissues were homogenized in 20 volumes
of assay buffer (50 mM Tris, 5 mM MgSO4, 1 mM
EDTA, 1 mM ascorbic acid, pH 7.7, 25°C ), using
an Ultraturrax homogenizer (13,500 rpm, 15sXx2).
The homogenate was centrifuged 3 times for 15 min
at 35,000 x g, and the pellet was resuspended each
time in 20 volumes of assay buffer. After the final
centrifugation, the supernatant was aspirated, and
pellet was stored at —70°C. The frozen pellet was
resuspended in assay buffer just before the binding
assay was performed. The final tissue concentration
in the binding assay was 5 mg/ml.

Receptor binding study

Binding experiments were performed as previously
described (Chang & Hahn 1995). In equilibrium bind-
ing studies, different concentrations of [3H] prazosin
(50 pM to 2 nM) or [*H]nitrendipine (100 pM-8 nM)
were incubated with membrane in a shaking water
bath at 25°C for 30 min. The reaction was stopped
with 10 ml ice-cold washing buffer (50 mM Tris, pH
7.7, 25°C), and the incubation mixture was immedi-
ately filtered through Whatman GF/C glass micro-
fiber filters in vacuum. Wet filters were placed in

mini-vials, to which scintillation cocktail was added,
and the vials were shaken for two hours and then
counted. Competition binding assays were performed
to determine drug affinity at corresponding receptors.
The appropriate radioligand (200 pM [’H] prazosin or
500 pM [’H]nitrendipine) and a wide range of con-
centration of YS 51 or YS 55 (in triplicate) were
incubated with the receptor preparation (brain homo-
genates) for 30 min at 25°C. Nonspecific binding was
defined as binding in the presence of 1 uM phentola-
mine and 1 M of nifedipine, respectively.

Intracellular Ca* ™ change and contraction in guinea
pig papillary muscle

Intracellular Ca> " levels were measured simultane-
ously and the degree of muscle contraction as de-
scribed by Sato et al (1988), using a fluorescent Ca*"
indicator, fura-PE3. The guinea pig papillary muscle
was loaded with 5 mM acetoxymethyl ester of fura-
PE 3 for 2 hours in the presence of 0.02% cremo-
phore EL by using the Langendorff method at 30°C
and then placed in a tissue at 35°C. The muscle was
mounted to measure the isometric tension and illu-
minated alternatively (48 Hz) with 340 nm and 380
nm light. 500 nm emission was detected with a fluo-
rimeter (CAM-230, JASCO, Tokyo, Japan). The amount
of 500 nm fluorescence induced by the 340 nm excit-
ation (F380) was measured, and the ratio of fluores-
cence of R340/380 was calculated. In some experi-
ments, fluorescence in muscle without fura-PE 3
loading was also examined to monitor the effects of
test compounds on endogenous fluorescence.

2+ . .
Ca’ "-induced contraction

In Ca*" -induced contraction experiments, the bath-
ing fluid was replaced with a Ca’ " -free salt solution
for 20 min. After that, PE (3 uM) was added. 15 min
later, Ca’" was cumulatively added to the bath in
concentrations from 0.1 to 5 yM. To investigate the
effects of YS 51 and YS 55 on Ca’"-induced con-
traction, different concentrations (1, 3, 10 uM) of
each compound were added to the bath 15 min prior
to PE in the Ca’*-free solution. The contractile re-
sponses were expressed percentage by calculating PE
(3 iM)-induced contractions obtained in normal
Krebs-Ringer Bicarbonate solutions in percentage
terms.
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Drugs

Phenylephrine (PE) hydrochloride, propranolol hy-
drochloride, and indomethacin were purchased from
Sigma Co. Ltd. (USA). Pentobarbital sodium was ob-
tained from Abbott laboratories (USA). 3,4-Dimeth-
oxyphenylethylamine and 2-naphthyl acetic acid were
from Aldrich Chem. Co. (USA). [H] prazosin and
’H] nitrendipine were purchased from Amersham

(UK)).
Data analysis

Results are expressed in mean+S.EM. of n ex-
periments. The statistical evaluation was made using
student t-test for unpaired samples where P <0.05
was considered significant. In binding studies, com-
petition displacement curves were made using the
iterative nonlinear least-square curve fitting program
in each experiment with triplicates at each ligand
concentration (Lundon Software Inc., Chagrin Falls,
Ohio, USA).

RESULTS
Analytical data of YS 51 and YS 55

YS 51: m.p. 224 ~227°C (EtOH, iPrOH); 'H-NMR
(Varian FT 80A) (DMSO-ds) §2.84~3.62 (6H, m),
4.73 (1H,t, 1=6.9 Hz), 6.58 (2H,s), 7.45~7.98 (TH, m),
8.77 (1H,s), 9.03 (1H,s).

YS 55: m.p. 188 ~190°C (EtOH); 'H-NMR (Varian
FT 80A)(DMSO-§6) 2.85~3.63 (6H, m), 3.42 (3H,
s OCHj3), 3.73 (3H, s OCH,), 4.76 (1H,t, J=7.0 Hz),
6.55 (1H,s), 6.79 (1H,s), 7.44~8.29 (7H, m), 9.26
(1H,b).

Relaxation responses of YS 51 and YS 55 on PE and
KCl-induced contraction

Relaxation responses of YS 51 and YS 55 were
evaluated against PE-induced contraction in endothe-
lium-denuded rat thoracic aorta. YS 51 and YS 55
relaxed PE-contracted rat aorta concentration-depen-
dently (Fig. 2A). Both compounds relaxed the aorta
at concentration ranges from 0.1 uM to 10 yuM. These
compounds also relaxed KCl-contracted aorta concen-
tration-dependently (Fig. 2B). When compared with
the relative potency in terms of pECsy on PE-induced

1207 12017
1007 100°
= c
2 807 2 807
g g
3 607 3 607
& &
1 407
R ¥ R
201 201
0- 0-
8 7 6 -5 -4 -3 8 7 -6 5 -4
Log [YS51], M Log [YS 55], M
120 120
] c D
100 100
c _
0O 807 ,S 807
b bt
«C ]
N 607 X 607
9 @
C 40 c 401
2 ] S
20 201
1] Y T T 3 0 ¥ L
8 -7 6 -5 -4 4 7 6 5

Log [YS51], M

Fig. 2. Concentration-response curves to YS 51 (A) and
YS 55 (B) in rat endothelium-denuded thoracic aorta pre-
contracted with PE (@) or KCl ((). Effects of YS 51
(C) and YS 55 (D) on PE-coniracted rat endothelium
denuded aorta in the absence (@) or presence of 30 nM
propranolol () for 20 min. All experiments were done
in the presence of indomethacin (10 pM). Data are
expressed as meants.e.m. of at least 3 experiments.
*indicates significantly different (P <0.05) (PE vs. KCI).

Log [YS55], M

contractions YS 51 and YS 55 showed 5.89+0.21
and 5.93+0.19, respectively. On the other hand, in
KCl-induced contractions the potency YS 51 and YS
55 measured 5.16 1.1 and 5.37+0.8, respectively.
Even though these drugs relaxed the contractile re-
sponses to the PE and KCl, analysis of ECso (PE)/
ECso (KCI) ratio indicated that these drugs exhibited
greater inhibition of the contractile response induced
by PE a by KCL. Propranolol (30 nM) did not affect
the concentration-response curves of both YS 51- and
YS 55-induced relaxation responses to PE-contracted
aortas (Fig. 2C).

Effects of pretreatment of YS 51 and YS 55 on PE-
induced contraction

Alpha;-adrenoceptor antagonistic properties of YS
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51 and YS 55 were evaluated against PE-induced
contraction in endothelium-denuded rat thoracic aorta.
Pretreatment with YS 51 or YS 55 shifted the PE-
induced concentration-response curves to the right
(Fig. 3). Schild analysis indicated that YS 51 and YS
55 had a considerable affinity for the a;-adrenoceptor,
in which pA; values for YS 51 and YS 55 were 6.05
and 5.88, respectively, and the slope was 1.23 and
1.18 for YS 51 and YS 55, respectively.
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Effects on PE-induced -contraction in cd’ _free
solution

To study the action of YS 51 and YS 55 on Ca®"
influx, their effects on contractions evoked by Ca**t
at different concentration levels were observed in
muscles stimulated with 3 yM PE. The magnitude of
tension development corresponded with the increase
of Ca’" in the medium. PE-induced phasic contrac-
tion in Ca’'-free media was inhibited to different

B
140J

1201
100

80
-601

% Contraction

40
207

0-
10 -9 -8 -7 6 -5 -4
Log [phenylephrine], M

Fig. 3. Concentration-response curves to PE in rat aortic rings incubated in the absence
(@) or presence of 1 uM (), 3 uM( ) and 10 M () of YS 51 (A) and YS
55 (B) for 20 min. Experiments were done in the presence of indomethacin (10 yM).
Data are expressed as meants.eim. of at least 3 experiments.
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Fig. 4. Ca’*-induced contraction of PE-stimulated rat endothleium-denuded rat aorta,
which was incubated in the absence (@) or presence of 1 yM (O), 3 uM (I and
10 uM () of YS 51 (A) and YS 55 (B) for 15 min in Ca’"-free solution before
addtion of Ca** cumulatively.
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degrees depending on the pretreatment of YS 51 and
YS 55. For example, both 1uM YS 51 and YS 55
inhibited the contration about 40 % and at higher
concentrations (100uM), contraction was inhibited com-
pletely. Both YS 51 and YS 55, concentration-depen-
dently, inhibited Ca’*-induced contraction in Ca’"
-free media (Fig. 4).

Binding studies

To test whether the inhibitive effects of YS 51 and
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Fig. 5. Competition curves of YS 51 (@) and YS 55 (O)
for [3H]-prazosin (A) and [SH]njtrendipine (B) binding to
rat cortical membranes. The results indicated are means
of 3 experiments performed in triplicate and are ex-
pressed as percentages of specific binding.

YS 55 on ; -adrenoceptor-mediated contraction were
due to competition at this receptor, we examined the
abilities of these compounds to displace [*H] prazosin
binding in the rat cerebral cortical membranes, where
a-adrenoceptor is abundant (Glossmann & Hornun,
1980). Also examined was whether these probes have
affinity for [3H]nitrendipine binding sites, since some
THIs were found to inhibit [°H] nitrendipine binding
to rat cerebral cortical membrane (Dong et al, 1992).
Prazosin bounds specifically to the ai-adrenoceptor
with Kq 133.5+8.91 pM and Bmax 15.15%0.64
fmol/mg tissue (data not shown). After confirming
that brain tissue is suitable for the binding assay, test
drugs were evaluated whether they have a;-adre-
noceptor affinity. As shown in Fig. 5A, YS 51 and
YS 55 showed almost the same degree of affinity for
the a;-adrenoceptor of rat brain with Ki values mea-
suring 0.15 and 0.12 uM, respectively. However, they
had no appreciable affinity for the nitrendipine bind-
ing sites (Fig. 5B).

Intracellular Ca’ ™ and tension in guinea pig papil-
lary muscle

As shown in Fig. 6, in guinea pig papillary muscle,
YS 51 increased cardiac inotropic force and cytosolic
free Ca”" in a concentration-dependent manner. That
is, 1 ygM and 10 gM YS 51 caused 400% and 800%
increase in contractile force, which also increased the
intracellular free Ca’" to 122% and 133%, respec-
tively, while 10 pM YS 55 decreased the cardiac
contractile force over 50% of control and simulta-
neously lowered approximately 40% of the cytosolic
ca’* (Fig. 6).

DISCUSSION

The present study clearly demonstrates that both
YS 51 and YS 55 have a considerable affinity for a.-
adrenoceptor and the results of functional studies in
rat aorta and receptor binding study in rat brain.
Since, none of these compounds showed vascular
smooth muscle contraction, these chemicals are likely
to act as an (;-antagonist. In fact, these compounds
inhibited contraction induced by a;-adrenoceptor ago-
nist, PE, in which the inhibitory fashion was com-
petitive. The pA, values for YS 51 and YS 55 were
6.05 and 5.88, respectively, and the slopes of YS 51
and YS 55 were 1.23 and 1.18. respectrely, which are
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not different from unity. However, it can be specu-
lated that $-adrenoceptor activation may be responsi-
ble for vascular relaxation, because it has been re-
ported that two -OH at 6,7- position of THIs are
essential to show f-adrenoceptor activation, and that
YS 49, steric isomer of YS 51, showed B-adreno-
ceptor activation in rabbit and rat (Lee et al, 1994).
When the relaxation response of YS 51 and YS 55
in the presence of propranolol was tested, propranolol
did not affect the concentration-response curve to
these drugs. Therefore, it is certain that vasodilatory
actions of YS 51 and YS 55 are not, mediated by
B-adrenoceptor in the vascular smooth muscle. Thus,
it is speculated that the mechanism of the relaxation
of YS 51 and YS 55 is possibly resulted from a;-
adrenoceptor blockade. Further supporting evidences
for these probes having a;-antagonistic properties
came from the receptor binding experiments. These
probes displaced the [’H] prazosin binding competi-
tively with Ki values at 0.15 and 0.12 gM for YS
51 and YS 55, respectively. Previously, we reported
that substitution of -OCH; groups for 6,7-OH groups
of higenamine, GS 389, resulted in total loss of S-
adrenergic activity and showed a-blocking activity in
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Fig. 6. Typical tracing showing changes in cytosolic Ca’" and contratile force in the absence (—)
and presence of 1 yM (- - -) and 10 gM (— —) YS 51 (A) or 10 yM (— —) YS 55 (B) in isolated
guinea pig papillary muscle. Changes in cytosolic Ca** and contraction were measured simultanelusly
in the tissues loaded with a fluorescent Ca’* indicator, fura-PE3.

rat thoracic aorta (Chang et al, 1992). In rabbit aorta,
another 6,7-dimethoxy-THI showed a-adrenolytic ac-
tivities (Glusa et al, 1990), suggesting the importance
of -OCHj; at 6,7-position of THIs in exerting a-anta-
gonistic action. As shown in the present study, -OH
groups at 6,7 positions of THI showed almost the
same affinity as that of -OCHj3 for the binding to a-
adrenoceptors. On the other hand, some a-blockers
reported to possess Ca’*-channel blocking activity
(Atlas & Adler, 1981; Chulia et al, 1994). Many THI
compounds are reported to possess Ca’" channel
blocking actions (King et al, 1988; Triggle et al,
1989; Lacroix et al, 1991; Dong et al, 1992; Chang
et al, 1994b), and some of them have selective affi-
nity for dihydropyridine ca’* binding sites (Dong et
al, 1992). So, we studied whether these probes have
Ca2+-antagonistic action or have affinity to diphydro-
pyridine binding sites. The present data indicated that
YS 51 and YS 55 possess Ca2+-antag0njstic action
but have no affinity for dihydropyridine binding site.
Therefore, at least these compounds are not involved
in dihydropyridine-sensitive Ca’* channel. In this re-
gard, these compounds behave like (£) laudanosine,
benzyl-THI, which showed an a;-selective adreno-
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ceptor blocking action along with nitrendipine-insen-
sitive Ca’* channel blocking action (Chulia et al, 1994).
Resently, it has become clear that at least three
subtypes of the a;-adrenoceptors exist, which are now
designated as a1a- (formerly dic), oip-, and aip (for-
merly a;a/d) (Hieble et al, 1995; Michel et al, 1995).
The ais-adrenoceptor subtype requires the influx of
Ca** through dihydropyridine-sensitive channels to
cause smooth muscle contraction, but the a;g-adreno-
ceptor subtype stimulates the formation of inositol
phosphate to cause contraction that is independent of
extracellular Ca’* influx through dihydropyridine-
sensitive channels (Han et al, 1987). Thus, further
investigations should be carried out to answer what
subtytype of ai-adrenoceptor is involved in the action
of these probes. Of particular interest, as expected,
was the observation that YS 51 showed strong
positive inotropic activities while YS 55 was devoid
of positive inotropic action. When measured cytosolic
Ca’™ in isolated guinea pig papillary muscles was
measured with these probes, YS 51 increased, cyto-
solic Ca2+, while YS 55 decreased it. Recently, we
reported that GS 386, another 6,7-dimethoxy-THI
compound, decreased Ca®" currents in isolated rabbit
cardiac myocyte when measured by a whole cell
patch-clamp technique (Chang et al, 1994), which
correlates that dimethoxyl substitutions at 6,7 carbons
of THIs results in lower cytosolic Ca’* in cardiac
cells. It is well known that stimulation of adenylyl
cyclase activity by 3-adrenoceptor agonists (Kameya-
ma et al, 1985; Fischmeister & Hartzell 1986) or by
forskolin (Kameyama et al, 1986; Hartzell & Fisch-
meister 1987) leads to the stimulation of inward Ca®*
current in heart preparations. Thus, the action of YS
51, like its isomer YS 49, may involve the increase
of cyclic AMP within the cardiac cells due to (-
adrenoceptor activation, which requires further stud-
ies. Since the vasodilating action of YS 51 was not
involved in B-adrenoceptor activation in vascular
smooth muscle (82), it is yet to be determined wheth-
er YS 51 possess 31-selective agonistic effects along
with a-blocking activities. In summary, this study
provides an evidence that the two synthetic THI com-
pounds, YS 51 and YS 55, have a similar degree of
affinity for [*H]-prazosin binding sites, and this may
account for a;-adrenoceptor antagonist and calcium
antagonist properties (through dihydropyridine-insen-
sitive calcium channel) in rat aorta and brain.
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