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Cyclic GMP-dependent vasodilatory properties of LASSBio 294 in

rat aorta
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1 The effects of LASSBio 294, a new 3,4-methylenedioxybenzoyl-2-thienylhydrazone, on vascular
tonus were investigated in isolated rat aortic rings.

2 LASSBio 294 induced a concentration-dependent relaxation of intact rat aortic rings with an
inhibitory concentration (ICsy) of 74 uM (95% confidence limits: 59—92). The mechanical removal
of the endothelium abolished this effect.

3 In aortic rings with intact endothelium the effect of 100 uM LASSBio 294 was not altered by the
pharmacological inhibition of NOS and cyclo-oxygenase pathways with 500 uM L-NAME and
10 uM indomethacin, respectively.

4 LASSBio 294 (100 uMm) was able to relax aortic rings pre-contracted with high extracellular K*
(KCI1 100 mm).

5 The relaxant effect of LASSBio 294 was fully reversed (and prevented) by the addition of 1 um
ODQ (1H-(1,2,4)oxadiazolo[4,3-a]quinoxaline-1-one), a selective inhibitor of soluble guanylate
cyclase.

6 LASSBio 294 (100 uM) had no direct effect on PDE3 and PDE4 activities, however, it increased
by 150% cyclic GMP content in aortic rings pre-treated with 100 um L-NAME and 10 um
indomethacin, as did 1 uM zaprinast, a selective PDES5 inhibitor.

7 In conclusion, LASSBio 294 induced relaxation of isolated rat aorta probably by directly

increasing cyclic GMP content, possibly as a consequence of PDES inhibition.
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Introduction

In recent studies identifying new anti-inflammatory lead
candidates belonging to the class of N-acylhydrazone (NAH)
derivatives (Figueiredo ez al., 2000), has emerged LASSBio 294,
a new 3,4-methylenedioxybenzoyl-2-thienylhydrazone synthe-
sized from natural safrole (Figure 1). Since LASSBio 294 was
designed as a phosphodiesterase (PDE) inhibitor, we decided to
screen it for vasorelaxant properties with particular interest in
evaluating a putative involvement of cyclic nucleotides.

Cyclic nucleotide signalling plays a regulatory role in the
cardiovascular system (Delpy et al., 1996; Verde et al., 1999),
with the intracellular levels of adenosine 3’5’ cyclic monopho-
sphate (cyclic AMP) and guanosine 3’5’ cyclic monopho-
sphate (cyclic GMP) being strictly regulated by both rates of
synthesis and hydrolysis via cyclases and PDEs, respectively
(Beavo, 1995; Soderling & Beavo, 2000).

Both particulate and soluble isoforms of guanylate cyclase are
present in vascular smooth muscle cells. The soluble isoform is
physiologically activated by nitric oxide (NO) released from
adjacent endothelial cells in response to Ca’* mobilizing
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agonists or shear stress, and pharmacologically by the NO
donor sodium nitroprusside (Hobbs, 1997). An increase in the
content of cyclic GMP, either in the endothelial cell or in the
myocyte, causes activation of cyclic GMP-dependent protein
kinase designated as PKG (Lohmann et al., 1997; Kwan et al.,
2000). Two genes encoding mammalian PKG have so far been
identified, namely type I and type II. Type I PKG exists as two
isoforms (¢ and ) and PKG ol isoform is found in the aorta,
heart, cerebellum and lung (Soff et al., 1997). PKG appears to
cause vascular relaxation by lowering both [Ca®"]; and the Ca?’
sensitivity of the contractile elements (Salomone et al., 1996;
Bolz et al., 1999). The reduction of [Ca?*]; in this tissue is
attributed to a number of mechanisms including inhibition of
the inositol 1,4,5-triphosphate receptor, the voltage-dependent
L-type calcium channels (Pfeifer ez al., 1999) and also activation
of sarcoplasmic reticulum Ca** ATPase (SERCA) (Yoshida et
al., 1999). Conversely, cyclic GMP, as well as cyclic AMP, is
degraded by PDEs. In the last few years several isoforms and
biological functions have been revealed for these enzymes. This
superfamily includes 19 different genes subgrouped into 11 PDE
families, according to the nucleotide preferentially hydrolyzed
and to the regulatory properties of the enzyme. PDE1 (Ca?*-
calmodulin-dependent), PDE2 (cyclic GMP-stimulated), PDE3
(cyclic GMP-inhibited), PDE4 (cyclic AMP-specific) and PDES
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Figure 1 Structure of LASSBio 294.

(cyclic GMP-specific) are the best characterized (Beavo, 1995).
However, a novel isoform called PDE9A has been recently
described which, along with PDES, is specific for cyclic GMP
(Soderling & Beavo, 2000). In vascular smooth (and cardiac)
muscles the main isoforms present are PDE1, PDE3, PDE4 and
PDES, while very small amounts of PDE2 are also present
(Polson & Strada, 1996). In this way a cross-talk between cyclic
GMP and cyclic AMP is possible in vivo. Although in vascular
smooth muscle cyclic nucleotides cause vasodilatation by similar
mechanisms, in cardiac muscle, cyclic AMP and low levels of
cyclic GMP produce a positive inotropic effect (Kojda et al.,
1997; Kojda & Kottenberg, 1999; Ohba & Kawata, 1999).
Several previously synthesized PDE inhibitors, such as
milrinone (a PDES3 selective inhibitor), have been indicated for
the acute treatment of heart failure due to their positive
inotropic and peripheral vasodilatory properties. In the present
study we report that LASSBio 294, a newly synthesized agent
with positive inotropic effects (Albuquerque et al., 1999), exerts
vasodilatory properties in rat aorta, probably via an increase of
cyclic GMP. Preliminary results have been previously presented
(XVI Latin American Congress of Pharmacology, Brazil,
September 2000).

Methods

The investigation was in accord with the local ethics
committee for animal care (Federal University of Rio de
Janeiro). Male Wistar rats (250—300 g) were anaesthetized
with ether and killed by decapitation. The thoracic aorta was
quickly removed, placed in physiological solution (composi-
tion (mM): NaCl 122, KCl 5, NaHCOj; 15, glucose 11.5,
MgCl, 1.25, CaCl, 1.25 and KH,PO,4 1.25) bubbled with
95% 0,/5% CO, and maintained at 37°C. Tissues were
cleaned of connective tissue and cut into rings. In some
experiments endothelium was removed by mechanical rub-
bing of the intimal surface.

Measurement of contractile responses
Aortic rings (3 mm wide) were fixed in an organ bath

chamber filled with physiological solution under a resting
tension of 20 mN, and left to equilibrate for 60 min during

which time the physiological solution was changed once. The
developed active tension was measured isometrically using a
Grass Transducer (FT-03). Data were acquired and analysed
using Chart 3.4/s software (MacLab, U.S.A). In K"-rich
depolarising solutions an isosmotic replacement of NaCl was
performed. Tissues were precontracted by 1 uM noradrenaline
(intact vessels) and the relaxant drugs (or solvent; time-
matched control) were added at the plateau of the tonic
contraction. For the rings which had been pretreated with L-
NAME or indomethacin, final concentrations of noradrena-
line of 0.3 and 3 uM, respectively, were used to keep the same
level of active force as the non-treated tissues. The first
contraction evoked by 1 uM noradrenaline was used to check
the endothelial integrity; vessels that relaxed about 50% in
response to 1 uM acetylcholine were considered as possessing
an intact endothelium (Salomone et al., 1996). After wash-out
the vessels were left to equilibrate for a further 60 min.

Cyclic GMP content determination

Intact aortic rings (5 mm wide) were placed in aerated
physiological solution at 37°C and left to equilibrate for
30 min in the presence of 100 uM L-NAME and 10 um
indomethacin. The rings were then randomly divided into 3
groups and incubated for 10 min with 100 um LASSBio 294
or 1 uM zaprinast. Following this, the rings were immediately
frozen in liquid nitrogen to prevent cyclic GMP degradation.
For the extraction of cyclic GMP, rings were homogenized in
cold trichloroacetic acid (6%) and the homogenate centri-
fuged (2000 x g for 15 min at 4°C). The pellet was used to
determine protein content according to a method adapted for
insoluble proteins (Lowry et al., 1951). The supernatant was
washed four times with five volumes of water-saturated
diethyl ether. The upper layer was discharged after each
wash. The aqueous phase was then evaporated to dryness
(Delpy et al., 1996). The dried extract was dissolved in a
suitable volume of assay buffer and cyclic GMP content
determined colorimetrically using an enzyme immunoassay
kit (Amersham Pharmacia Biotech, U.S.A). Data are
expressed as fmol of cyclic GMP ug~' of protein.

PDE 3 and 4 activity

An assay for phosphodiesterase inhibitors was designed,
using rat or rabbit heart membrane preparations enriched in
PDE 3 or PDE 4 isoforms, respectively (Shahid et al., 1990),
as further validated by the difference in the maximal
inhibition exerted by rolipram, a selective PDE 4 inhibitor
(see Figure 7). Cyclic AMP-PDE activity was measured using
[*H]-cyclic AMP as a substrate and a two-step procedure for
isolation and quantification of [*H]-adenosine (Cheffoy de
Courcelles et al., 1992).

Drugs

LASSBio 294, synthesized at the LASSBio laboratory of the
Federal University of Rio de Janeiro (Albuquerque et al.,
1999), was dissolved in 100% dimethylsulphoxide (DMSO) to
obtain a 100 mM stock solution. The final concentration of
DMSO in the organ bath never exceeded 0.1% (v v').
Noradrenaline, NC€-nitroarginine methyl ester (L-NAME),
IBMX, methylene blue, acetylcholine and indomethacin were
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purchased from SIGMA Chemical Co. (U.S.A). ODQ (1H-
[1,2,4]oxadiazolo[4,3-a]quinoxalin-1-one) and zaprinast were
purchased from Tocris (U.S.A). All drugs were dissolved in
water on the day of the experiment, except indomethacin
which was dissolved in 5% sodium carbonate.

Statistical analysis

Results of the experiments are expressed as arithmetic
meansts.e.mean (% of effect) or geometric means with
95% confidence intervals (ICsg). Drug concentrations
producing 50% inhibition of the responses (ICsy) were
calculated independently for each experiment by non-linear
regression analysis (GraphPad Prism, GraphPad software
Inc. San Diego, CA, U.S.A). A Student’s z-test was
performed using Primer software (McGraw-Hill Co., New
York, NY, U.S.A). Vasodilator responses are expressed as
percentages of the maximal contraction induced by
noradrenaline. Differences were considered significant at
P<0.05.

Results
Aortic relaxation induced by LASSBio 294

In noradrenaline-precontracted aortic rings with a func-
tional endothelium LASSBio 294 (30—300 uMm) induced a
concentration-dependent relaxation (Figure 2) with an
inhibitory concentration (ICsg) of 74 um (95% confidence
limit 59-92, n=28). The time required to reach the maximal
effect at each concentration was about 10 min. In respect of
this we selected the concentration of 100 uM, close to the
ICso value, for future experiments. Since this relaxation
might have been due to the release of endothelial NO we
investigated the role of the functional endothelium. In
endothelium-denuded aorta, as validated by the absence of
relaxant responses to 1 uM acetylcholine, LASSBio 294-
induced relaxation was almost completely abolished indicat-
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Figure 2 Concentration-response curve for LASSBio 294 in en-
dothelium-intact rat aorta precontracted with noradrenaline. LASS-
Bio 294 or its solvent DMSO (0.01-0.3%) were added at the plateau
of the contraction induced by 1 um noradrenaline (Nor) and left for
10 min to achieve a maximal effect. Curves were fitted by non-linear
regression analysis using the one-site competition equation. Top and
bottom were fixed at 100 and 0, respectively. P<0.05 (n=38).

ing an endothelial contribution to its effect (Figure 3).
IBMX (100 um), a non-selective PDE inhibitor, almost fully
relaxed these vessels indicating that PDE activity and
related relaxation pathways were functional in these rubbed
aorta (Figure 3). When aortic rings with functional
endothelium were pre-contracted with 100 mm KCI,
LASSBi0294 produced a similar relaxation (35.5+5.0%,
n=8, P<0.05 versus maximal contraction and DMSO) to
that observed when 1 uM noradrenaline was used as the
contracting agent (49.54+5.9%, n=9). This result indicates
that hyperpolarization of myocytes due to the release of
endothelium-derived hyperpolarizing factor (EDHF) is not
a possible mechanism to explain the relaxation induced by
LASSBio 294. In order to establish the possible involve-
ment of the L-arginine/nitric oxide (NO) pathway we pre-
treated aortic rings with the nitric oxide synthase (NOS)
inhibitor L-NAME (500 uM) for 30 min before inducing the
contraction of intact aorta with 0.3 uM noradrenaline. Since
this treatment did not alter the relaxation induced by
100 um LASSBio 294 (Figure 4), we conclude that there is
no direct role for basal NO in this effect. Since PGI,
released by endothelial cells could be another mediator
involved in the relaxation response of LASSBio 294 we also
tested the influence of cyclo-oxygenase pathway inhibition
by pre-incubating the aorta with 10 uM indomethacin. As
previously observed for L-NAME, the pre-treatment with
indomethacin did not alter the relaxant effect of LASSBio
294 (Figure 4).

Inhibition of soluble guanylate cyclase reverses LASSBio
294-induced relaxant effects

After discarding NO, EDHF and PGI, as possible
candidates involved in the vascular relaxant action of
LASSBio 294, we investigated the possible involvement of
cyclic nucleotides. The addition of 1 uM ODQ, a selective
inhibitor of soluble guanylate cyclase, reversed (Figure 5)
and also prevented (data not shown) the relaxant effect of

100

= —T— — —

.8

2

ié 75+

S

Q@

o

8

2 501

=i

5

Z

= 25

°\= *
LB-294 IBMX Ach DMSO
100 uM 100 pM 1pM 0.1%

Figure 3 Effect of 100 uM LASSBio 294 in endothelium-denuded
rat aorta contracted with noradrenaline. LASSBio 294 (LB-294),
IBMX, acetylcholine (Ach) or DMSO were added at the plateau of
the contraction induced by 1 uM noradrenaline (Nor) and left for
10 min. The endothelium was removed by mechanical rubbing.
*P<0.001 in relation to contraction induced by noradrenaline and
DMSO (n=9).
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100 um LASSBio 294, indicating that this action might be
due to an increase in cyclic GMP.

LASSBio 294 increases cyclic GMP content

Using a direct assay for dosing cyclic GMP content in rat
aortic rings incubated essentially under the same conditions
used for the contractile measurements, we observed that
100 uMm LASSBio 294 increased the aortic cyclic GMP
content by 150%, as did 1 uM zaprinast, a selective PDES
inhibitor used as a positive control (Figure 6).

|
1004 A o ) B T
=
S |
B=
3 |
’g 75+ |
S | * *
9 * | T T
g 504 = T [
<
S0 |
=
S l
g |
S 254
X |
|
|
G LB-294 LB-294 DMSO LB-294 1LB-294 DMSO
100 pM 100 pM 0.1% 100 pM 100 pM 0.1 %
+ +
L-NAME Indo
500 pM 10 uM

Figure 4 Effect of L-NAME and indomethacin on LASSBio 294-
induced vasorelaxant effect. The effect of LASSBio 294 was observed
before and after the incubation of intact aortic rings with L-NAME
(A) or indomethacin (Indo) (B) for 30 min. The contraction was
induced by 0.3 or 3 um noradrenaline (Nor), respectively. LASSBio
294 (LB-294) or DMSO were then added at the plateau and left for
10 min. *P<0.001 in relation to DMSO (n=7-9).
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Figure 5 Effect of ODQ on rat aortic relaxation induced by
LASSBio 294. LASSBio 294 (LB-294) was added at the plateau of
the contraction induced by 1 uMm noradrenaline (Nor) and left for
10 min. ODQ was then added and the aortic ring left again for
10 min before new measurement of the tension. *P<0.001 in relation
to noradrenaline (n=4).

The effect of LASSBio 294 on PDE activity

Since both the synthetic strategy and present experimental
data indicated that PDEs are potential molecular targets of
LASSBio 294, we initiated experiments to address this
question. At the moment we are able to test a direct
inhibition of LASSBio 294 on PDE activity using rat and
rabbit heart membrane preparations that were reported to be
enriched in PDE3 or PDE4 isoforms, respectively (Shahid et
al., 1990). As shown in Figure 7, rolipram maximally
inhibited 1/3 and 2/3 of cyclic AMP specific PDE activity
in rabbit and rat preparations, respectively, indicating a low
contribution of PDE4 (rolipram-sensitive, cyclic AMP or
cyclic GMP hydrolyzing PDE) isoform in rabbit (in which
PDE3 is supposed to be the predominant cyclic AMP
hydrolyzing PDE). On the other hand, PDE4 should be the
principal isoform contributing for cyclic AMP hydrolysis in
the rat heart particular preparation. Note that a high
concentration of the non-selective inhibitor IBMX fully
inhibited the cyclic AMP-dependent PDE activity in both
preparations (Figure 7). When tested at 100 uM in these two
preparations, LASSBio 294 had no significant effect (n=3),
indicating that it lacks a direct effect on two of the most
important PDE isoforms found in vascular smooth muscle.

Discussion

In the present study we investigated the effect of LASSBio
294, an original synthetic drug designed to inhibit phospho-
diesterase, in vascular smooth muscle. Using a classical model
for screening drug effects on isolated vessels, we report here
that LASSBio 294 relaxes intact aortic rings in a concentra-
tion- and endothelium-dependent manner. However, despite
the endothelial dependence, LASSBio 294 (100 uM) was able
to relax vessels pre-treated with either the nitric oxide
inhibitor (NOS) L-NAME or the cyclo-oxygenase inhibitor
indomethacin, a fact that leads us to exclude any dependence
of LASSBio 294 effect on the basal release of either
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Figure 6 Effect of LASSBio 294 on rat aortic cyclic GMP content.
Intact aortic rings (5 mm) were incubated as for tension measurement
for 30 min in the presence of 100 um L-NAME and 10 um
indomethacin. Physiological solution (basal), LASSBio 294 (LB-
294) or zaprinast (ZP) were then added for 10 min before tissue
freezing and processing for cyclic GMP content measurement (see
Methods). P<0.05 in relation to basal (n=75).
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Figure 7 Cyclic AMP-dependent phosphodiesterase inhibition by
rolipram. Cyclic AMP-dependent phosphodiesterase activity present
either in rat or rabbit heart membrane preparations was measured in
the presence of increasing concentrations of rolipram, a PDE4
selective inhibitor, or in the presence of a saturating concentration of
IBMX, a non-selective PDE inhibitor.

endothelial NO or prostanoids, classical mediators of
vasodilating agents (Cocks, 1996). Endothelial cells might
also release a not yet identified endothelium-derived
hyperpolarizing factor (EDHF), even if this appears not to
be the main endothelial relaxant mediator in rat thoracic
aorta (Cocks, 1996). Hyperpolarization could also occur via
activation of the large conductance K* channel (BKc,)
(Bolotina et al., 1994), which along with the ATP-sensitive
K™ channel (Katp) is the main channel/current present in
vascular smooth muscle cells. Therefore, we investigated the
effect of LASSBio 294 in intact vessels precontracted with
100 mM extracellular K*. In the presence of raised extra-
cellular potassium the opening of these channels and
subsequent hyperpolarization of the vascular myocyte is
impaired (Magnon et al., 1998), and such conditions are also
known to inhibit the L-NAME-resistant endothelium-depen-
dent relaxation generally attributed to EDHF (Cowan et al.,
1993). LASSBio 294 was able to relax KCl-precontracted
rings in a similar concentration range to that observed for
tissues precontracted with noradrenaline. Based on these data
we excluded any direct hyperpolarizing effect as the
mechanism of LASSBio 294-induced vasodilatation.

We subsequently decided to investigate any possible
involvement of cyclic nucleotides in respect of their extensive
regulatory role in the cardiovascular system (Delpy et al.,
1996; Verde et al., 1999). The relaxation induced by LASSBio
294 was fully reversed by the addition of ODQ, a selective
inhibitor of soluble guanylate cyclase, and also prevented by
pre-treatment with this inhibitor, indicating that LASSBio
294 may exert its relaxant effect via an increase in aortic
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