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Summary

Introduction

NO donors stimulate the enzyme guanylatecyclase (GC)
which accelerates the formation of cyclic guanosine mono-
phosphate (c-GMP) from guanosine triphosphate[1]. If this
happens in blood platelets their ability to aggregate is de-
creased and hence antithrombotic effects are observed. If the
stimulation of GC occurs in smooth muscle cells of blood
vessels, vasodilation and hence lowering of the blood pres-
sure (b.p.) results[2]. The c-GMP is degraded to guanosine
monophosphate which does not have the above effects of
c-GMP. This process is enhanced by type 5 phosphodi-
esterase (PDE 5)[3]. Sildenafil is a new drug which inhibits
PDE 5 and therefore is able to keep cellular c-GMP levels
high. The combined application of NO donors and PDE 5
inhibitors should theoretically generate additive (or even

superadditive) effects with regard to the inhibition of throm-
bosis and/or the lowering of the blood pressure.

The latter has already been recognized for Zaprinast[4] and
Viagra, of which sildenafil is the active compound[5]. The
combined application of sildenafil with NO donors such as
organic nitrates and molsidomine is declared to be a contra-
indication. To our knowledge, neither data on the extent of
such b.p. lowering nor data on the influence on antithrombotic
effects have so far been published. We, therefore, investi-
gated the interaction of Viagra with the NO donors mol-
sidomine  (N-ethoxycarbonyl-3-(4-morpholinyl)-sydnon-
imine) or RE 2047 (N-nitroso-3-methyl-sydnonimine), re-
spectively. The well known standard drug molsidomine (Cor-
vaton®) was selected for its long lasting (~6 h) effects on
thrombosis and b.p. lowering effects. In contrast the chemi-
cally similar RE 2047 in the doses applied in our experiments
shows only antithrombotic properties. This is important be-
cause in antithrombotic therapy b.p. lowering mostly is an
unwanted side effect.

Results

Antithrombotic Effects

The antithrombotic effects of the single drugs and their
combinations were assayed in a laser thrombosis model[6].
The compounds were administered orally to rats. After 2 h
the formation of thrombi in mesenteric arterioles and venules
by the beam of an argon laser via a microscope (35 mW,
50 ms) was observed. The number of exposures (“shots”)
necessary to form a thrombus of defined size is counted. From
the average shot number the percentage of inhibition of
thrombosis is calculated. The results are compiled in the first
columns of Table 1.

Experiments 1–3 show that Viagra in doses up to 30 mg/kg
exhibits no antithrombotic effects. The NO donor molsi-
domine dose dependently (see experiments 4–6) inhibits
thrombus formation. This effect is more pronounced in arte-
rioles than in venules. This is typical. The reason is the lower
blood velocity in venules which makes thrombus formation
easier and therefore its inhibition more difficult. 

The effect is even more obvious with RE 2047 (see experi-
ments 7 and 8) where a dose-dependent antithrombotic effect
can only be observed in arterioles. Comparison of experi-
ments 9 and 10 with experiments 5 and 6 surprisingly shows
that Viagra in doses of 5 mg/kg or 10 mg/kg does not increase
the antithrombotic activities of molsidomine. In contrast, the
antithrombotic effect of RE 2047 is strengthened by Viagra.
Comparison of experiments 8 and 12 shows a statistically

Arch. Pharm. Pharm. Med. Chem. © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1999 0365-6233/99/0505/0182 $17.50 +.50/0

After p.o. administration to rats in doses up to 30 mg/kg, Viagra
showed no antithrombotic effect. However, it enhanced the inhi-
bition of thrombus formation by RE 2047 from 9% to 17%
(5 + 5 mg/kg) or 19% to 27% (10 + 10 mg/kg) in arterioles. This
effect was even more obvious in venules where an inhibition of
9% (5 + 5 mg/kg) or 15% (10 + 10 mg/kg) was seen whereas the
individual drugs had no effect. The antithrombotic activity of
molsidomine was not altered. The blood presssure (b.p.) of spon-
taneously hypertensive rats was reduced by the combination of
Viagra and RE 2047 (5 + 5 mg/kg) to 94% of normal after 2 h
while the individual drugs had no effect at this dose. The coadmin-
stration of 10 mg/kg of each drug reduced the b.p. to 87% of
normal. The combination of Viagra with molsidomine decreased
b.p. to 84% (5 + 5 mg/kg) or 79% (10 + 10 mg/kg), respectively.

Scheme: Formula of the NO donors molsidomine and RE 2047 and the
PDE 5 inhibitor sildenafil.
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significant rise of the inhibition of thrombus formation from
9 to 17%  in arterioles and from  0% to 9% in venules.

When 10 mg/kg of each compound are administered a rise
from 19% to 27% in arterioles and from 1% to 15% in venules
occurs. These differences are statistically significant (see
experiments 7 and 11). The reason for the different behaviour
of molsidomine and RE 2047 might be the different kind and
place of NO release. The ON-N= bond of RE 2047 will be
cleaved predominantly in the liver.

This may be concluded from the lack of a hypotensive effect
(see experiments 7 and 8). As sildenafil is also predominantly
metabolized in the liver it will have a high affinity to this
organ so that blood platelets can be loaded there with both
compounds. The transfer of sildenafil from blood plasma to
blood platelets may be poor because it is strongly bound to

plasma proteins (96%)[5]. In molsidomine the N-ethoxycar-
bonyl group can be hydrolysed by means of ubiquitous un-
specific esterases or even spontaneously. After decarbox-
ylation the active metabolite SIN 1 is formed which releases
NO spontaneously at pH 7.4 in blood plasma and endothelial
or smooth muscle cells. This results in a rather strong decrease
in b.p. (see experiments 4–6).

The thrombosis experiments are performed with uncon-
scious rats. The anesthetic routinely used is a combination of
Ketavet® (Ketamine hydrochloride, 2-(2-chlorophenyl)-2-
amino-cyclohexanone) and Rompun® (xylazine hydrochlo-
ride, 2-(2,6-dimethylphenyl)-5,6-dihydro-4H-1,3-thiazine).
The experiments 9–12 could not be performed with this
anesthetic as the rats died under narcosis. Therefore chloral-
hydrate was used instead.

Table: Influence of Viagra, molsidomine, RE 2047, and their combined administration on thrombus formation (2 h after p.o. administration, n = 5, 6 arterioles
and 6 venules are investigated in each rat) and blood pressure in hypertensive rats (n = 6) after the times indicated. Statistics: Wilcoxon, Man, Whitney U-test;
n.s. = not significant.

———————————————————————————————————————————————————————————

Exp. Compound   Dose Inhibition of Decrease of
no.   [mg/kg] thrombus formation blood pressure 
 [%± sx] (p ≤) in % of control ± s (p ≤) after 

arterioles venules 2 h 4 h 6 h

———————————————————————————————————————————————————————————

1 ViagraTM   30  3±1  0±1 86.8±4.5 89.8±5.5 90.8±3.9
 (n.s.) (n.s.) (0.01) (0.01) (0.01)

2   10  0±3  0±1 94.0±3.6 94.3±3.6 94.8±5.4 
 (n.s.) (n.s.) (0.01)  (0.01)  (0.02)

3    5  0±2  0±1 98.7±1.4 98.4±1.7 100.7±1.7
 (n.s.) (n.s.) (n.s.) (n.s.) (n.s.)

4 molsidomine   30 62±15 31±9 78.6±6.01 81.4±8.2 83.4±6.4
 (0.002) (0.002) (0.01)  (0.01)  (0.01)

5   10 28±2 15±1 85.2±3.1 87.6±3.2 94.0±3.4
 (0.002) (0.002) (0.01) (0.01) (0.01)

6    5 13±1  7±1 86.2±5.2 91.2±6.2 96.0±5.2
 (0.002) (0.002) (0.01) (0.01) (n.s.)

7 RE 2047   10 19±1  1±1 99.8±1.1 98.4±2.2 99.7±2.4 
 (0.002) (n.s.)  (n.s.)  (n.s.)

8    5  9±2  0±1 100.2±0.6 101.2±2.0 99.9±2.0 
 (0.01) (n.s.)  (n.s.)  (n.s.)

9 Viagra   10+10 20±2 16±1 78.9±3.8 81.1±4.6 85.6±5.4 
    + (0.002) (0.002) (0.01)  (0.01) (0.01)

10 molsidomine    5+5  9±1 6±1 83.8±5.0 85.1±3.7 92.2±2.9
 (0.002) (0.01)  (0.01) (0.01)  (0.01)

11 Viagra   10+10 27±2 15±2 87.1±3.5 91.2±1.9 92.2±4.4 
    + (0.002) (0.002) (0.01)  (0.01)  (0.01)

12 RE 2047    5+5 17±2  9±1 94.7±1.9 95.8±2.8 99.5±2.1 
 (0.002) (0.002) (0.01)  (0.01) (n.s.)

—————————————————————————————————————————————————————————
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Influence on Blood Pressure

We tested the b.p. effects in spontaneously hypertensive
rats (SHR). Briefly the conscious rat is warmed up (10 ±
5 min) in a Perspex tube to 37 °C. The rat tail which is outside
of the tube is surrounded by a pressure cuff and more distally
by a piezo pulse wave transducer. The measurement begins
when the correct opening of the tail arteries is indicated by a
light signal for constant pulse. The pressure in the cuff is
raised until the pulsations have ceased. Then the pressure is
decreased continuously until the pulse returns. The arterial
blood pressure can be determined directly from the chart of
the recorder. The results of the above experiments are sum-
marized in Table 1.

Experiments 1–3 show that Viagra decreases the systolic
arterial b.p. in doses above 5 mg/kg dose dependently. The
effect lasts for at least 6 h. This effect is smaller than with
molsidomine, as shown by a comparison of experiments 1–3
with 4–6.

A dose of 5 mg/kg molsidomine is equi-effective with
30 mg/kg Viagra. When 5 mg/kg of each drug are adminis-
tered together (experiment 10) a slight reduction (compared
to experiment 3) is observed which, however, is not signifi-
cant. When 10 mg/kg of each drug are applied in combination
(experiment 9) a significant reduction of b.p. compared to
10 mg/kg molsidomine (see experiment 5) is found. As Via-
gra alone (experiment 2, 10 mg/kg) gives a b.p. reduction of
about 6% the combined effect appears to be additive.

The NO donor RE 2047 alone does not reduce the b.p. up
to 10 mg/kg (experiments 7 and 8). The combination of 5
mg/kg of each compound (experiment 12) lowers the b.p.
slightly (94.7% of control  2 h after p.o. administration) but
significantly (p ≤ 0.01). This effect is still demonstrable after
4 h. B.p. has returned to normal after 6 h. When 10 mg/kg
Viagra are administered the b.p. is decreased to 94% of
normal (experiment 2). This is enhanced by combination with
10 mg/kg RE 2047 – which itself has no effect on b.p. – to
87% after 2 h (experiment 11). The effect is pertinent for 6 h.
Thus in both cases the combined effect appears to be superad-
ditive. This at first sight different behaviour of molsidomine
or RE 2047 combinations with Viagra may stem from the fact

that 5 mg/kg doses of molsidomine are already near the
maximum effect (compare experiments 6 and 4) which makes
a further decrease of the b.p. more difficult.

In conclusion our investigation shows that it is possible to
enhance the antithrombotic effect of a suitable NO donor (i.e.
RE 2047) by a PDE 5 inhibitor (e.g. sildenafil). The effect of
this combination on b.p. seems to be superadditive but was
not as dramatic as expected.

Experimental Part

RE 2047 was synthesized as already described[2]. Molsidomine was a
generous gift from Casella, Ger. Viagra had to be purchased commercially.
The suspensions for oral administration were freshly prepared as follows.
A film tablet of Viagra (declared content 100 mg sildenafil) was weighed
exactly and powdered finely. The necessary amount of the powder or the
other pure compounds were incorporated into a suspension of two parts of
gum arabic and three parts of water (one quarter of the final volume). Then
the rest of the water was added in small portions until homogeneity. The
applied dose (per kg) was always in 1 mL of the suspension. Thereby the
application volume was kept constant to 0.1 mL/100 g body weight. The
thrombosis experiments[6] and the b.p. measurements[7] were carried out as
already described.
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