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GS354 and GS389: New Type of Calcium Channel Blockers
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‘ABSTRACT

The inhibitory effects of GS354 and GS389 on cytosolic Ca?* level ([Ca?*];; measured with fura-
2 fluorescence) and muscle tension in vascular smooth muscle of rat thoracic aorta were investi-
gated. Both GS354 and GS389 inhibited the contractions induced by high K* or by norepineph-
rine. The vasodilator effect of GS354 was accompanied by a decrease in [Ca®*];. The inhibitory
effect on high K*-stimulated [Ca?]; was antagonized by a Ca’* channel activator, Bay K8644.
However, the inhibitory effect on muscle tension was not antagonized by Bay K8644. These results
suggest that GS354 inhibits Ca?* channels to decrease [Ca?*]; and also decreases Ca’* sensitivity
of contractile elements. The inhibitory effects of GS389 was accompanied by the increase in tissue
fluorescence. This increment was not due to fura-2 fluorescence but to endogeneous pyridine nu-
cleotides, suggesting that GS389 has an effect to inhibit mitochondrial function. Because of this
interference, effects of GS389 on [Ca?*], was obscured. However, since sequential addition of Bay
K8644 in the presence of GS389 further increased the fluorescence but not muscle tension, this
compound seems to have the effects to inhibit Ca** channels and to decrease Ca** sensitivity of
contractile elements.
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for example, is a bronchoselective beta adrener-
gic agonist developed by modifying papaverine
structure which is useful for the treatment of
moderated bronchial asthma(Iwasawa et al.

INTRODUCTION

Tetrahydroisoquinolines(THI) have various
pharmacological actions such as antiplatelet ag-
gregation action, calcium antagonistic action,
cardiac stimulating action, bronchial as well as
vascular smooth muscle relaxation action
(Asoke er al. 1985, Ruppert et al. 1982, Ko ef al.
1990, Park et al., 1984, Chang et al. 1986). The
prototype of THI is papaverine, of which chem-
ical stucture provides us a very important and
useful information for drug design to develop
selectively acting drugs, since it shares all of
these actions mentioned above. Trimetoquinol,

1967). Chemical modification, therefore, of THls
to develop more potent and selective acting
drugs has been made by many investigators
(Davis et al. 1984, Kantelip et al. 1988, Chang et
al. 1990, Pierre et al. 1991). Recently we have
synthesized a papaverine analog, GS389, 1-(4-
methoxyben-zyl)-6.7-dimethoxy-1,2,3,4-tetrahy-
droisoquin-oline and GS354, N-(3’4-dimethoxy
pheny-lethyl)-4-methoxy phenylacetamide(Fig.
1). We were interested in the mechanism of
GS354 and GS389 since other isoquinoline com-
pound such as H-7, HA-1077 and ML-9 have



CH,

CH,0 CH,0
CH,0 / CH,O H
M,

OCH,
OCH, OCH,. .
PAPAVERINE GS389
c;go@ CcHp
CH
CHO N-CHY TP NH
3 ne” ‘)f/
en %H, CH,
C%FC-CN
|£C0 OCHy
oc,
VERAPAMIL GS 354

Fig. 1. Structural similarities of GS354, GS389, ver-
apamil and papaverine. Bold line of upper
layer indicates tetrahydroisoquinoline skele-
ton.

unique inhibitory effects on smooth muscle.
This, therefore, has been the purpose of the
present experiments.

MATERIALS AND METHODS

Materials

Norepinephrine hydrochloride, phenyleph-
rine hydrochloride, Bay K8644, indomethacin
N“nitro-l1-arginine metyl ester hydrochloride
were purchased from Sigma, 1 cAMP and
¢GMP kit from Amersham. GS354 and GS389
synthesized by our laboratory.

Muscle preparations

Male Wistar rats(200~300g) were killed by a
blow on the neck and exsangination. The tho-
racic aorta was removed and placed in phy-
siological salt solution. Adhered fat and con-
nective tissues were removed and transverse

rings(2.5mm wide) or helical strips(2.5 X
15mm) were prepared according to Chung ef al.
(1987). Each ring or strip was mounted using
tungsten wire and connected to transducer for
recording.

Solutions

The normal physiological salt solution con-
tained(mM), NaCl, 118; KCI, 4.7; CaCl,, 2.5;
MgSO, 1.18; KH.PO, 1.18; NaHCOs3, 24.9; glu-
cose, 10; EDTA, 0.03. Isosmotic 64.7mM K* so-
lution was made by substituting 60 mM NacCl in
the normal solution with equimolar KCI. These
solutions were saturated with a mixture of 95%
O:and 5% COzat 37°C.

Tension recording

Muscle tension was recorded isometrically
with a force displacement transducer(FT-03)
connected to a physiograph(Grass 7E). Passive
tension of 1g was initially applied and tissues
were allowed to equilibrate in a 10ml bath for
more than 90 min before commencing the exper-
iment. GS compounds were cumulatively added
when the contractile tension induced by a stim-
ulant reached a steady level.

Cytosolic Ca®* levels

Cytosolic Ca?* levels [(Ca%")] was measured
simultaneously with muscle contraction as de-
scribed by Ozaki ef al.(1987) and Sato et al.
(1988) using a fluorescent Ca®* indicator, fura-2
(Grynkiewicz et al. 1985). The muscle ring was
loaded with 5u4M acetoxymethyl ester of fura-2
for 3hr in the presence of 0.02% Cremophore
EL at room temperature(23~25°C) and then
placed in a tissue bath at 37°C. The muscle was
illuminated alternatively(48HZ) with 340nm
and 380nm light and 500nm emission was de-
tected with a fluorimeter(CAF-100, JASCO, To-
kyo, Japan). The amounts of the 500nm fluores-
cence induced by the 340nm excitation(FF380)
were measured and the ratio of these two fluo-
rescence(R340/380) was calculated. We used
the relative R340/380 value as an indicator of
[Ca®*];, taking R340/380 in resting muscle as 0%
and that in hign K* -simtulated muscle as 100%.
In order to know the effects of test compounds
on endogenous fluorescence and also on the
fura-2 fluorescence, was always monitored F340
and F380. In some experiments, fluorescence in



muscle without fura-2 loading was also exam-
ined to monitor the effects of test compounds
on endogenous fluoresence. In a preliminary ex-
periments, we have confirmed that these GS
compounds do not have fluorescence or absor-
bance of fura-2 fluorescence.

Measurement of cAMP and ¢cGMP

cAMP and cGMP were assayed using '*I RIA
kit. Rings of 2~3mm width were cut from rat
aorta. After recording their wet weight, rings
were equilibrated for 60min in Krebs solution
and bubbled with 95% O, and 5% CO:at 37°C.
Phenylephrine was added to each group of vas-
cular rings, 1004M NNA was pretreated before
addition of phenylephrine. After quick freezing
with clamps precooled on liquid nitrogen. Sam-
ples were processed according to the protocol
described in the brocheur.

RESULTS AND DISCUSSION

Effects of GS354

Fig. 2. shows the concentration response
curves for GS354 and GS389 on the contrac-
tions induced by high K* or.norepinephrine in
rat aorta. GS354 and GS389 inhibited the con-
tractions induced by 64.7mM KCIl and iuxM
norepinephrine. The inhibitory effect on high K*
induced contraction was stronger than that on
norepinephrine induced contraction in case of
GS354.

By contrast, other isoquinoline derivatives, H-
7, HA-1077 and ML-9, inhibited the contrac-
tions induced by K* and norepinephrine with
similar potencies(Karaki et al. 1990). From
these results, we decided to use 304M GS com-
pounds in the following experiments. Fig. 3A
shows the effect of 304M GS354 on high K* in-
duced contraction and[Ca?*]; in rat aorta. GS
354 inhibited high K* induced contraction and
[Ca?*] almost in parallel. The inhibitory effect
on (Ca?*), was antagonized by the addition of 0.
3#M Bay K8644 although muscle tension was
not recovered. Fig. 3B shows the effect of GS354
on 1#M norepinephrine induced contraction
and [Ca’*], in rat aorta. 304M GS354 inhibited
the norepinephrine induced contraction with
almost parallel decreases in{Ca**];.

Previously, it has been shown that a Ca®*
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Fig. 2. Dose-response curves of GS354(A) and
GS389(B) on high K* and norepinephrine in-
duced contraction in rat aorta.

channel blocker, verapamil, inhibits high K* in-
duced contraction more strongly than norepi-
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Fig. 3. Effects of GS354 on[Ca®*]; measured with fura-2 and muscle tension in isolated rat aorta stimulated by

high K*(A) and norepinephrine(B).

nephrine induced contraction, inhibits the [Ca?*];
stimulated by high K* or phenylephrine, and
the inhibition is antagonized by By Kg8644
(Karaki et al. 1990). These results are simlar to
those obtained with GS354 suggesting that this
compound has an effect to inhibit Ca®* chan-
nels. Although Bay K8644 antagonized the in-
hibitory effect of GS354 on [Ca®*];, it did not
antagonize the inhibitory effect on muscle ten-
sion. This results suggest that GS354 inhibits the
Ca’* sensitivity of contractile elements. Fur-
thermore, GS354 inhibited the norepinephrine
stimulated[Ca?*]; and muscle tension almost in
parallel. It has been shown that verapamil in-
hibits norepinephrine stimulated [Ca?*], more
strongly that contraction because norepineph-

rine induced contraction is due to increase in
[Ca2*), and also Ca®* sensitivity of contractile
elements, and that verapamil selectively inhibit
the increase in [Ca®*]; with littie effect on Ca®*
sensitivity. The difference between the effects of
GS354 and verapamil support the suggestion
the GS354 inhibits Ca?* sensitivity.

Effects of GS389

Fig. 4A and B show the effect of 304M GS389
on the contraction and [Ca?']; stimulated by
high K* or norepinephrine. Surprisingly, GS389
seemed to increase [Ca®*]: (or increased fluo-
rescence ratio) although it inhibited the con-
tractions induced by high K* and norepineph-
rine. Examination of F340 and F380 in Fig. 4A
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Fig. 4. Effects of GS389 on [Ca®?*]; measured with fura-2 and muscle tension in isolated rat aorta stimulated by

high K*(A) and norepinephrine(B).

suggested that this increase in fluorescence
ratio is not due to the increase in [Ca?*]; be-
cause both F340 and F380 increased on the
addition of GS389 although increased in [Ca®**]
should decrease F380 and increase F340. In
order to know the reason for the GS389 induced
increase in fluorescence, we measured the ef-
fects of this compound on the endogenous
fluorescence of rat aorta without fura-2 loading.
Results in Fig. 5 indicate that high K* stimula-
tion increased both F340 and F380 without

changing R340/380.

When GS389 and high K* were added si-
multaneously, however, F340, F380 and R340/
380 were increased. This result suggest that the
increase of internal fluoresence substances, pos-
sibly pyridine nucleotides and flavoproteins,
are increased by GS389. This results further
suggest that GS389 inhibits mitochondrial func-
tion resulting in a change in metabolic state of
the muscle.

However, this effect does not seem to play a
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Fig. 5. Effects of GS389 on endogenous fluoresecence. High K* stimulation increased both F340 and F380 with-
out changing R340/380. GS389 increased F340, F380 and R340/380 when added high K* simultaneously,
indicating GS389 increases internal fluorescent substances.

Table 1. Effects of GS389 on cyclic nucleotide levels in rat aorta(unit: fmol/mg wet weight)

Treatment Endothelium cAMP cGMP
Control + 6235t 1.44 8.1 =0.03
GS389 + 79.90 = 4.12 13.7 £ 0.07*
PE + GS389 + 113451+ 12.36 20.0 = 0.08*
PE + NNA + GS389 + 88.00 = 3.19 43+0.01°
PE + GS389 — 90.55+ 1.27 4510068
PE + NNA + GS389 - 7480+ 1.12 0.9 +0.02°

NNA: N%nitro-l-arginine methly ester, PE: Phenylephrine

Cyclic nucleotides in tissues were checked at 30 sec after incubating GS389.
*: significantly greater than control(P<0.5)

§ : significantly smaller than control(P<0.05)



major role on the inhibitory effect a weak in-
hibitory effect in rat aorta. Addition of Bay
K8644 further increased the flourescence in
GS389 treated muscle with little effect of mus-
cle tension(Fig. 4A). Examination of F340 and
F380 suggest that this increase is due to in-
crease in [Ca’*l. Consequently, GS389 may
have an effect quite similar to that of GS354,
that is, inhibition of Ca’?* channels and Ca’*
sensitivity of contractile elements. GS389 in-
creased cGMP more in endothelium intact rings
than endothelium rubbed rings and also NNA,
EDRF inhibitor, antagonized the effect of
GS389. However, cAMP level was not affected
(Table 1). This increment of cGMP may be
responsible for lowering Ca®?* sensitivity of con-
tractile element (Godfraind 1986, Karaki, 1989).
In summary, GS354 and GS389 inhibited both
muscle tension evoked by norepinephrine and
high K* and cytosolic Ca’*" levels. GS389 also
increased ¢cGMP not cAMP this result imply
that GS389 may inhibit cGMP specific phos-
phodiesterase, which awaits further investiga-
tion.
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