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ABSTRACT

Pharmacological characterization of GS 283, a tetrahydroisoquinoline derivative has been elucidat-
ed using rat thoracic aorta, guinea pig tenea coli and rabbit mesentery artery in vitro. GS 283 showed
calcium antagonistic action in vascular smooth muscle, since high K*-induced contraction was con-
centration dependently inhibited. GS 283 also inhibited the contraction induced by a receptor
activation. Vasodilating action of GS 283 was not modified by the propranolol, indicating that GS 283
has no f receptor stimulatory action. Simultaneous measurement of intracellular calcium change and
muscle tension indicated that the inhibitory effect of GS 283 was accompanied by the increase in tis-
sue fluorescence. This increment was not due to fura 2 fluorescence but to endogenous pyridine nucle-
otide, suggesting that GS 283 has an effect to inhibit mitochondrial function. GS 283 had an inhibitory
action on cyclic AMP and GMP-dependent phosphodiesterases from rat brain with Ki values of 2.5
and 6.7 mM. From these findings we concluded that GS 283 has multiple action such as the inhibition
of cyclic nucleotide-dependent phosphodiesterases, blocking of calcium channel as well as inhibition

of mitochondrial function which are responsible for vasodilatation.
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INTRODUCTION

Cardiovascular diseases such as hypertension,
atherosclerosis, cardiac arrhythmic and stroke
are the leading causes of death in western coun-
tries as well as in Korea. Recently, Chang ef al.
(1993) reported that GS 283 inhibited the contrac-
tile responses of rat and guinea pig trachea by a
mechanism related to inhibition of Ca’* channel.
Since, many of isoquinoline or THI compounds
possesses the inhibition of cyclic nucleotide PDEs
(kukovetz and Poch, 1970; Van Inwegen et dl.,
1989), Ca** blocking action (Iguchi et al, 1992),
and other actions (D’'Ocon et o, 1989, 1991;

*Auther for correspondence

Avorra et al., 1992), it remains to determined the
exact mechanism of action of GS 283. Because in-
hibitory effect of GS 283 on Ca’* channel may be
a reflection of direct inhibitory action or secon-
dary one due to inhibition of cyclic nucleotide-
dependent PDE or both. Therefore, attempts have
been made to further characterize the pharma-
cological properties of GS 283 as well as if this
compound has similar pharmacological actions in
other tissues as shown in trachealis.

MATERIAL AND METHODS

Materials

Phenylephrine(PE), triton X-100, verapamil,
and 5-nucleotidase (Ophiaphagus hannah snake
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venom), 2-deoxy glucose, dithioerythritol (DTE),
pyruvic acid were purchased from Sigma Chemi-
cal Company (St. Louis, MO, USA), adenosine,
guanosine, [2, 8-°H] cyclic AMP, [2, 8-*H] cyclic
GMP, were from Amersham (UK), anion ex-
change (AG 1 x 8) was from Bio-rad. Fura 2 AM
was from Dojindo Laboratories (Kumamoto,
Japan). GS 283 was synthesized by Organic Chem-
istry Laboratory of Gyeongsang National Univer-
sity. All other chemicals and reagents used were
of the highest quality available.

Muscle preparations

Healthy male Sprague-Dawley rats (250~300g)
were killed and bleeding. Their thoracic aortas
were removed, cleaned of adhering fat and con-
nective tissue. The rings (2.5 mm wide) were pre-
pared according to Chang et al. (1994). Each ring
was mounted using in a 10 ml water jacketed mus-
cle chamber containing 37°C modified Krebs-
Ringer bicarbonate solution which was gassed
with 95%0.~5%CO. and had the following com-
position (mM) : NaCl (136.9), KCl (5.4), MgCl.
(1.0), NaHCO:; (23.8), CaCl; (1.5), EDTA (0.03). The
rings were equilibrated at 1 g resting tension for
more than 90 min, with washing at 20 min inter-
vals, prior to drug addition. The Ca**-free solution
was the same as above except EGTA 1 instead of
CaCl,, 1.5.

Measurement of vasorelaxation

For measuring vasorelaxation, contractions
were obtained by adding PE, 0.3 4M Krebs-Ringer
bicarbonate solutions or by changing the bath
fluid with 60 mM potassium (K*) which was made
by substituting equimolar concentration of sodi-
um from the Krebs-Ringer bicarbonate solutions.
After reaching plateau of contraction, test sub-
stances were added cumulatively with 0.5 log unit
intervals in concentrations. Isometric tensions
were recorded on Grass physiograph (model 7E)
via force transducer FT-03.

Measurement of Ca’"-induced contraction

In Ca’*-induced contraction experiments, bath-
ing fluid was replaced by a Ca’**free salt solution
for 1 hr. After this period, PE (10 M) or K* (60
mM) were added. Ca** was added 15 min later cu-

mulatively to the bath in concentrations from 0.1
to 2.5 mM. GS 283 was added to the bath 5 min
prior to PE or K* in the Ca*-free solution. The
contractile responses are expressed in percent of
PE or K*-induced contractions obtained in nor-
mal Krebs-Ringer bicarbonate solutions.

Effects on intracellular Ca**, [Ca*"], and muscle
tension

[Ca*] was measured according to the methods
described by Ozaki er al. (1987) and Sato et al.
(1988) using fura 2 (Grynkiewicz et al, 1985).
Muscle strips were exposed to the acetoxymethyl
ester of fura 2 (5 M) in the presence of 0.02%
cremophore EL for 3 hr at room temperature. The
muscle strip was then transferred to the muscle
bath integrated in the fluorimeter (CAF-100) and
illuminated alternately (48 Hz) with two excita-
tion wave lengths (340 nm and 380 nm). Fluores-
cence at 500 nm was measured induced by these
two wavelengths was calculated and used as an
indicator of [Ca**]. Absolute [Ca**]; was not cal-
culated because the dissociation constant of fura
2 for Ca’* may change in smooth muscle cells
(Konishi et al., 1988; Karaki, 1989). Ratio of fluo-
rescence in the resting muscle and that in the de-
polarized muscle with elevated external K* (60
mM) were considered as 0 and 100%, respectively.

Effects on oxidative phosphorylation and glycolyt-
ic metabolism :

Contractile response of smooth muscle is de-
pendent on both oxidative phosphorylation and
glycolytic metabolism. Guinea pig tenea coli was
prepared in normal physiological solution. After
mounting the muscle as described above following
treatment was performed. Incubation medium
(normal Krebs’ solution) was changed to glucose-
free solution and then pyruvate was added to con-
tract the muscle (glycolytic metabolism inhibi-
tion), or without change the medium the gas was
changed to N, rather than 95% 0.-5% CO. and
after tension completely declined, high glucose
(40 mM) was added to the medium to induce con-
traction (oxidative phosphorylation inhibition).
GS 283 was cumulatively added to both type of
treatment.

— 102 —



Preparation of phosphodiesterase

Rats were anesthesized with pentobarbital sodi-
um (35 mg/kg, LM.) and the brain was immediate-
ly taken out, rinsed in ice-cold 50 mM Tris « Cl
buffer (pH 7.5) containing 3.75 mM 2-mercapto-
ethanol (extraction buffer), and homogenized the
tissues in three volumes of the same solution
using a motor driven glass-glass homogenizer. The
homogenates were centrifuged at 105,000 x g for
60 min and the supernatants thus obtained (crude
extract) were used as the source of phosphodies-
terases (Chang ef al., 1994).

Assay for phosphodiesterase activity

The assay method for phosphodiesterase was
described previously by Chang et al. (1992). In
brief, the standard reaction mixture contained, in
a final volume of 0.1 ml, Tris. Cl buffer (pH 7.5), §
mmol; EDTA, 0.25 mmol; MgCl,, 2 mmo}; 5'-nucle-
otidase (Ophiaphagus hannah snake venom), 10~
30 g [2, 8-°H] cyclic AMP, or [2, 8-*H] cyclic
GMP, 0.1 mmol, containing about 1X 10° cpm, and
the indicated amounts of crude supernatant (see
above). The reaction was initiated by the addition
of the supernatant and was carried out at 37°C for
10 min. The reaction was terminated by heating
the reaction mixture at 95°C for 2 min. The
unreacted nucleotides were separated from the
dephosphorylated products using anion exchange
(AG 1x8) chromatography.

Data analysis

The experimental results are expressed as the
mean * SEM. The concentration of agents which
produced 50% of the maximal relaxation (ICs)
was estimated from the log concentration effec-
tive curves in each tissue. The statistical signifi-
cance changes were analyzed using Student’s t-
test, and P values <0.05 were considered to be sig-
nificant.

RESULTS

Effects of GS 283 on high K'- and NE-induced
contraction

To see if GS 283 has vasodilatory action, aortic
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Fig. 1. Concentration response curves of GS 283 on PE
(o) and KCI(®)-induced contraction in rat
aorta. Each point represents mean = SEM of 12
to 13 preparations.

Table 1. Comparison of pD; values of GS 283 and ver-
apamil on PE-and high K™-induced contrac-
tion rat thoracic aorta

pD: values(M)
Compounds
PE High K*
GS 283 475+003(12)"  454-+005 (13)*
Verapamil 4.84+0.06 (8) 6.60+0.03 (8)**

a: mean+SEM

b: number of preparations

*significantly (p<0.05) different from PE vs. high K*
**significantly (p<0.01) different from PE vs. high K*

ring were precontracted with KCl (60 mM) and
PE (0.3 4M), a-agonist. After reaching maximum
contraction, GS 283 was added cumulatively (1 ~
100 uM) to the bath. As shown in Figure 1, GS 283
dose-dependently relaxed both high K* and PE-
induced contraction. The inhibitory pattern of GS
283 on PE-induced contraction was relatively
rapid compared to that of high K*-induced con-
traction. GS 283 showed greater potency in inhib-
iting high K*-induced contraction than PE-in-
duced contraction. The 50% inhibitory concentra-
tion of GS 283 (ICx) was compared in Table 1.
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Fig. 2. Inhibitory effects of GS 283 on Ca’*-induced contraction in Ca**-free media. In the presence of PE (A) or KCI
(B), external Ca®** (0.5~2.5 mM) caused increment of contraction, while GS 283 concentration-dependently in-
hibited the Ca’ -induced contraction. Each column represents mean = SEM of at least 9 preparations.
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Fig. 3. Effects of verapamil and GS 283 on intracellular Ca** change and muscle tension inrat aorta stimulated by
KCl, Verapamil (10 M) completely relaxed as well as F 340/380, in contrst, GS 283 (10, 30 #M) relaxed tension
but incresed F 340/380 ratio.

solution in the presence of PE or high K*. In Ca**
free media. PE induced phasic contraction, while

To see if GS 283 has Ca* blocking action in K* did not show any rapid phasic contraction, in
aorta, Ca’” was added cumulatively in Ca* -free which addition of Ca** (0.01~2.5 mM) caused

Calcium antagonistic action of GS 283 in aorta
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Fig. 4. Fluorospectral characteristics of fura 2-Ca’* complex and effect of GS 283. Scanning excitation wave length
was 300~ 400 nm and emission was 500 nm. Absoption peak was appeared at 340 and lowest at 380 nm. Con-
centrations of GS 283 used (10~ 30 #M) in muscle tension study, but not higher concentrations, have not inter-

fere with the characteristics.

contraction concentration-dependently. As shown
in Figure 2A and B, Ca’*-dependent contraction
was inhibited by the presence of GS 283. For ex-
ample, 1 mM Ca’ caused 60 = 88 in control
aorta (high K*), whereas in the presence of GS
283 10 #4M and 30 #M the same concentration of
Ca’ caused 40%18 and 171+7.5% over the control.
On the other hand, in PE pretreated aorta, | mM
Ca’ caused 8315.8% in control aorta, while in
the presence of 30 M GS 283 it was 14£7.1%,
which was statistically significant (p<0.01).

Effect of GS 283 on changes in cytoplasmic Ca®"
concentration

Since GS 283 was known to inhibit the release
of Ca’* from internal store site, to see the effect of
GS 283 on intracellular Ca** change, fura 2 tech-
nique was applied. Verapamil, typical Ca®**
blocker, decreased F340/380 ratio and muscle ten-
sion. In contrast, GS 283 increased rather de-
creased the fluorescence signal even though ten-
sion is decreased (Fig. 3). This may imply that GS
283 has interfere with fura 2-Ca®* signal by itself
or by affecting pyridine nucleotide metabolism.
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Fig. 5. Effect of GS 283 on inhibition of oxidative
phosphorylation (N:) and glycolytic metabolism
(PY) in guinea pig tenea coli. Each point repre-
sents mean = SEM of 3 experiments.
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Therefore, to know if this interference was due to
GS 283 by itself, fura 2-Ca** fluorescence was ana-
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Fig. 6. Cyclic nucleotide-dependent phosphodiesterase inhibitory action of GS 283 from rat brain homogenates. Note
that inhibitory concentration was relatevely higher than those used in muscle relaxation.

lyzed from 300 to 400 nm (Fig. 4B) Fura-2 charac-
teristics are depicted in Figure 4A. The vertical
line represents fluorescence intensity at 500 nm
and horizontal line indicates scanning wave
length. Up to 10 4M GS 283 there was no change
in the fluorescence with control, but at high con-
centration (100 #M), the fluorescence curve was
depressed (Fig. 4B). Therefore it may inhibit gly-
colytic metabolism reaction or oxidative phos-
phorylation reaction.

Effect of metabolic inhibition on GS 283 induced
relaxation

To see these possibilities, guinea pig tenea coli
strips were tested. As shown in Figure 5, although
GS 283 had inhibited both glycolytic metabolism
and oxidative phosphorylation-induced contrac-
tions, it had stronger inhibitory activity in oxida-
tive phosphorylation reaction rather than glyco-
lytic metabolism.

Cyclic nucleotide inhibitory action of GS 283

As shown in Figure 6, GS 283 concentration de-
pendently inhibited the cyclic nucleotide phos-
phodiesterase from the rat brain. However, the
concentration that inhibited was too higher than

effective inhibitory concentration of vascular or
non vascular smooth muscle with corresponding
Ki values were 2.5 and 6.7 mM for cAMP-and
c¢GMP-dependent phodphodiesterases, respecti-
vely.

DISCUSSION

Since GS 283 had been reported to possess Ca’"
antagonistic action in rat and guinea pig tracheal
smooth muscle, in the present study, phar-
macological characterization of GS 283 has been
addressed using other smooth muscles such as
aorta. If any compounds has Ca** channel block-
ing action, one would think that this chemical
may has direct blocking action on the calcium
channel or it may be the result of secondary effect
of activation of some regulatory mechanism af-
fecting calcium channel activity. In rat thoracic
aorta, GS 283 concentration dependently relaxed
a agonist-induced contraction as well as depo-
larization-induced contraction, indicating that
there is a possibility of possessing direct and/or
indirect Ca®* antagonistic action of GS 283 on
vascular smooth muscle. Because PE utilized Ca**
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from internal stores as well as external sites, while
high K* only utilizes external Ca’", if GS 283 has
stronger on high K* than PE-induced contraction,
main mechanism of GS 283 would be direct Ca**
channel blocking action, but the resuit is that
when compared ICy values of GS 283 on two dif-
ferent agonist-induced contraction, GS 283 had
stronger inhibitory action on PE- than high K™ in-
duced contraction. This finding imply that action
of GS 283, besides direct Ca’* antagonistic action,
decrease Ca’" sensitivity or have other mecha-
nism(s) to regulate Ca’** influx. The selectivity
shown by GS 283 on PE-induced contraction in
normal Krebs’ solution was checked in the experi-
ments carried out in a nominally Ca*" -free medi-
um. Under these conditions, PE-induced phasic
contraction was abolished by the presence of GS
283 concentration dependently, indicating that GS
283 inhibit Ca** release from the internal store
site by a-adrenoceptor activation. GS 283 can
enter into the cytoplasm, where it inhibited Ca*"
release by agonist-stimulation already reported in
trachealis (Chang et al,, 1993). To understand bet-
ter the mechanism of action of GS 283 on calcium
inhibitory and/or lowering calcium sensitivity,
fura-2 experiment was performed. GS 283 in-
creased rather decreased the fluorescence signal
even though tension is decreased (Fig. 3), while
verapamil, typical calcium antagonist, caused re-
laxation and decrease fura 2 signal. Smooth mus-
cle tissue has pyridine nucleotides that fluoresce
in increasing portion to [Ca’*],. (Ozaki ef al., 1987,
1988) and interfere with fura 2-Ca®* signals (Sato
et al., 1988). This fluorescence, at both 340 nm and
380 nm, increased during muscle contraction by
approximately 10% of the total fura-2 fluores-
cence. In contrast to this, the fluorescence due to
fura 2-Ca’* changed in the opposite directions as
[Ca**], changed (Grynkiewicz et al., 1985). This
may imply that GS 283 has interfere with fura 2-
Ca* signal by itself or by affecting endogenous
pyridine nucleotide metabolism.

Therefore, to know if this interference was due
to GS 283 by itself, fura 2-Ca’* fluorescence was
analyzed from 300 to 400 nm. Up to 10 4M GS 283
there was no change in the fluorescence with con-
trol, but at high concentration (100 £M), the fluo-
rescence curve was depressed (Fig. 4). Therefore
there is a possibility that GS 283 may inhibit gly-

colytic metabolism or oxidative phosphorylation
reaction. When smooth muscles are depolari-
zed by an excess K* or stimulated by receptor
agonists, force is generated with an increase in
[Ca®]s The rate of oxygen consumption of
smooth muscle increases with the isometric force
development. The rate of lactate production also
correlates with the isometric force. These results
suggest that the contractile response of smooth
muscle is dependent on both oxidative phospho-
rylation and glycolytic metabolism.

To know if GS 283 has an effect to inhibit mito-
chondrial function, guinea pig tenea coli was iso-
lated. Oxidative phosphorylation inhibition and
glycolytic metabolism inhibition was addressed
by employing that N, gas rather than mixed gas
(95% 0:-5% CO.) and deoxy glucose rather than
glucose. When tenea coli was activated with high
K", rapid contraction of the muscle tension fol-
lowed by sustained and steady contraction. From
this condition, bathing solution was changed with
glucose free solution with 2-deoxy glucose or N:
gas was replaced. In glucose free solution, pyruvic
acid restore the contraction even it was lower
than the original contraction (data not shown). In
this preparation, GS 283 was added cumulatively.
GS 283 concentration dependently inhibited the
sustained contraction. Likewise, GS 283 also in-
hibited the high glucose induced contraction in N:
replaced medium. The inhibitory potency of the
GS 283 on glycolytic reaction was less than that of
oxidative phosphorylation. These results suggest
that GS 283 has weak metabolic inhibitory action.
Since there is a report that in intestinal smooth
muscle when oxidative phosphorylation was in-
hibited by replacement of O: with N, the resting
pyridine nucleotide (reduced form) fluorescence
increased even though muscle tension decreased
(Ozaki et al., 1988). No changes were observed in
reduced pyridine nucleotide when glycolysis was
inhibited by substitution of external glucose with
oxaloacetate, pyruvate, or [S-hydroxybutylate.
These result suggest that GS 283 may inhibit oxi-
dative phosphorylation so that it caused relaxa-
tion of muscle tension but increased fluorescence.
Since changes of reduced pyridine nucleotide and
oxidized flavoprotein were not checked in the
present experiment, further study is needed to
clarify the inhibitory action of GS 283 on mito-
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chondrial function. However, there are many re-
ports that the redox state of pyridine nucleotide
has been utilized to measure fluorometrically in
variety of isolated tissues or cells (Katz et dl,
1987; koretsky et al., 1987) including smooth mus-
cles (Connor et al., 1976; Linke and Betz, 1977).
Oxidized flavoproteins are also fluorescent sub-
stances which are located specifically in the inner
membrane of mitochondria. Fluorometric mea-
surement of flavoprotein have also been applied
to isolated tissues (Paddle, 1985; Hassinen and
Hiltunen, 1975; Hiltunene e al., 1978). From these
findings the mechanism of action of GS 283 in-
volves at least indirect regulation of Ca** move-
ment as well as direct inhibitory action of calci-
um channels. To characterize the indirect regula-
tion of Ca’* movement by GS 283, involvement of
cyclic nucleotide has been carried out. As pointed
out in the earlier section, THI classes possess f-ag-
onistic action and PDE enzyme inhibitory action
(Kukovetz and Poch, 1970; Van Inwegen et al.,
1989). To examine the PDE inhibitory action of
GS 283, rat brain tissue was utilized to get the
PDE enzyme. Since brain tissue is easy to get
large quantities of PDE enzymes than vascular
smooth muscle. In this preparations, enzymes are
not purified, because the purpose of the examina-
tion was to see if GS 283 has inhibitory action on
the PDE enzymes. The crude preparation was
used as enzyme source. GS 283 had inhibitory
action on both type of cyclic nucleotide-depen-
dent PDE. Their relative Ki values were 2.5 and 6.
7 mM for cAMP- and cGMP-dependent PDE en-
zymes, respectively. D’Ocon ef al. (1989, 1991) and
Avorra et al. (1992) reported that relaxant effect
of glaucine, a THI analog, has an ai-adrenoceptor
antagonist, calcium entry blocker and as a selec-
tive inhibitor of the rolipram-sensitive cAMP-
PDE, type IV PDE. There is increasing evidence
for selective forms of PDE being involved in con-
trolling different biological processes and thus se-
lective PDE inhibition can lead to a variety of
discrete pharmacological responses (Weishaar e
al., 1985 Beave, 1988). In this regards, further
study is needed if GS 283 has which type of PDE
inhibitory action and if this agent can be possibly
used in clinical applications such as congestive
heart failure, hypertension and asthma through
toxicological experiment. In conclusion, it can be

made that GS 283 has direct Ca’" channel block-
ing action, weak metabolic inhibitory action, and
PDE inhibitory action which may contribute, in
part, to calcium antagonistic action.
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