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Summary. To find out whether 3-morpholino-syd- 
nonimine (SIN 1), the active metabolite of  molsi- 
domine, exerts its antiaggregatory effects not only 
in vitro but also in vivo, we tested ex vivo aggrega- 
tion before and after intravenous application of 
molsidomine in healthy volunteers. We also mea- 
sured plasma levels of  guanosine 3' :5'-cyclic mono,  
phosphate (cyclic GMP) as SIN 1, the bioactive 
metabolite of  molsidomine, becomes effective via 
activation of soluble guanylate cyclase. In eight 
out of  ten subjects molsidomine had an inhibitory 
effect on platelet aggregation and a higher thresh- 
old concentration of platelet-activating factor was 
required after molsidomine, application to induce 
irreversible aggregation. Despite the effect on pla- 
telets, plasma cyclic GMP levels did not increase. 
These results suggest that the nitric oxide-contain- 
ing SIN 1 inhibits platelet aggregation not only in 
vitro but also in vivo and that this property can 
be a beneficial effect in antianginal therapy. 
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Molsidomine is commonly used in antianginal 
therapy. It is a predrug and is converted into its 
active metabolite, SIN 1, by an enzymatic step in 
the liver [18]. SIN 1 like sodium nitroprusside is 
a substance rendering a fl:ee nitric oxide (NO) 
group and can therefore increase the formation of 
guanosine 3':5'-cyclic monophosphate (cyclic 
GMP) by direct interaction with soluble guanylate 
cyclase [3, 5, 22]. Increased cyclic GMP formation 

Abbreviations: Cyclic G M P  = guanosine 3':5'-cyclic monophos-  
phate; NO = nitric oxide; PAF = platelet-activating factor; 
PRP = platelet-rich plasma; SIN 1 = 3-morpholino-sydnoni- 
mine 

induces relaxation in vascular smooth muscle cells 
[2, 4, 12, 20, 21] and inhibition of aggregation in 
platelets [2, 15, 20, 21]. We have previously demon- 
strated that in vitro there is a clear difference be- 
tween the antiaggregatory effects of  NO-contain- 
ing substances like SIN 1 and of organic nitrates 
which contain an O-NOz-group [8, 13]. Organic 
nitrates are not able to influence in vitro aggrega- 
tion in micromolar concentrations, while sodium 
nitroprusside and SIN I induce a strong inhibition 
of aggregation in the micromolar range. 

These results suggested that SIN 1, the active 
metabolite of  molsidomine, also exerts its cyclic 
GMP-mediated effect on platelet aggregation in 
vivo. In order to elucidate whether there is also 
an antiaggregatory potency of SIN 1 under molsi- 
domine therapy, we therefore tested ex vivo plate- 
let aggregation before and after molsidomine ap- 
plication in healthy volunteers and determined the 
plasma levels of  cyclic GMP. 

Materials and Methods 

Subjects and Study Protocol 

Twelve (6 female and 6 male) healthy volunteers 
between 20 and 30 years of age were studied. None 
of them had taken any medication for at least 
2 weeks or ingested coffee or tea on the study day. 
During the study subjects were not allowed to 
stand up. Blood pressure was checked at each 
blood drawing using the method of Riva-Rocci to 
measure a possible decrease. Written informed 
consent was obtained from all subjects. 

Molsidomine (Corvaton, 60 gg/kg body 
weight) was given to the volunteers by i.v. injection 
at 10 a.m. To study aggregation, 18 ml venous 
blood was withdrawn into a syringe containing 
2 ml sodium citrate 60 min before and 40 rain after 
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the injection. Heparin blood (10 ml) to measure 
the plasma levels of  molsidomine and SIN 1 and 
EDTA blood (5 ml) for cyclic GMP determination 
was taken 60 and 5 rain before and 10, 20, 40, 
and 60 min after drug application. Molsidomine 
was provided by Cassella-Riedel Pharma (Frank- 
furt, FRG). 

Aggregation Studies 

Platelet-rich plasma (PRP) was prepared immedi- 
ately after blood drawing by centrifugation of ci- 
trated blood at 120 g for 15 min at room tempera- 
ture and by subsequent dilution of the supernatant 
to 250000 platelets/gl with platelet-poor plasma. 
Platelet-activating factor (PAF, Sigma Chemicals, 
Taufkirchen) was dissolved in absolute ethanol, 
stored as stock solution at - 2 0  ~ C and freshly di- 
luted each study day in 0.9% (w/v) sodium chlo- 
ride. Platelet aggregation was performed in a dual- 
channel Born aggregometer (LAbor, Laborger/ite, 
Hamburg). Aggregation was induced after 2 min 
of preequilibration by the addition of 10 gl PAF 
dilution into 390 gl PRP. PRP was maintained at 
37 ~ C, stirred at 1000 rpm, and aggregation was 
recorded for 4 rain. Light transmission through 
PRP was set at 0% and full aggregation was set 
at 100%. 

Before and after molsidomine application the 
threshold aggregating concentration of PAF was 
determined. Threshold aggregation was defined as 
the lowest concentration of PAF that caused full 
and irreversible aggregation. The following final 
PAF concentrations were tested in decreasing con- 
centrations: 400, 200, 100, 50, and 25 riM. 

After molsidomine, we additionally tested PRP 
at the same PAF concentration that had been the 
threshold concentration before drug injection and 
measured the achieved extent of  aggregation. The 
extent achieved after molsidomine was then calcu- 
lated as the percentage of the initial full aggrega- 
tion. 

Plasma Levels of Cyclic GMP, Molsidomine, and 
SIN 1 

All blood samples were kept at 4~  and centri- 
fuged at 2000 g. The samples for molsidomine and 
SIN 1 were protected from light, and citrate buffer 
(citric acid 1 M, KHzPO~ I M, pH 2.3) was added 
to keep the pH below 6. All plasma samples were 
then stored at - 2 0  ~ C. Cyclic GMP levels were 
determined by radioimmunoassay from alcohol- 
extracted samples [10]; molsidomine and SIN 1 
plasma concentrations were measured by HPLC 

after extraction and derivatization, respectively 
(Cassella, Frankfurt) [17]. 

Statistics 

Statistical analysis for aggregation studies and 
plasma cyclic GMP levels was done using the Wil- 
coxon signed paired rank test and the Friedman 
two-way analysis of  variance, respectively. Proba- 
bility levels lower than 0.05 were considered signifi- 
cant. 

Results 

Aggregation Studies 

In eight subjects studied, molsidomine had an ob- 
vious inhibitory effect on ex vivo platelet aggrega- 
tion. In two subjects no effect was observed. Ag- 
gregation could not be evaluated in the two further 
subjects because of technical reasons. Threshold 
PAF concentrations before molsidomine injection 
were 50 nM in three subjects, 100 nM in four sub- 
jects, and 200 nM in three subjects. In two subjects 
the threshold concentration remained unaltered 
after molsidomine, while in the others a higher 
dose of PAF was needed to achieve full aggrega- 
tion after molsidomine ( P <  0.01). After treatment, 
in these eight subjects the aggregatory response 
of the PRP to the initial threshold concentration 
decreased markedly ( P <  0.01) and varied between 
6% and 72% of full aggregation. Only in two sub- 
jects 100% aggregation was achieved (see Fig. 1). 
The median of the aggregatory response to the pre- 
vious threshold dose of all subjects 40 min after 
molsidomine application was 56.5% of full aggre- 
gation (n = 10). 
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Fig. 1. Platelet response to PAF before and after molsidomine 
application to ten normal subjects. Before the injection, the 
PAF threshold concentration for irreversible aggregation was 
determined (100%); 40 min after molsidomine, the aggregation 
extent that  could be achieved with the former individual thresh- 
old dose was measured and is shown in percent of full aggrega- 
tion 
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Fig. 2. Platelet aggregation before and 40 rain after i.v. applica- 
tion of 60 ng molsidomine/kg body weight; 100 n M  PAF was 
determined as threshold concentration to achieve irreversible 
aggregation before molsidomine injection. The figure shows a 
typical example (see Fig. 1) 

Figure 2 shows the aggregation curves of  one 
of  the subjects as a typical example. When the ini- 
tial threshold dose was tested on the PRP prepared 
after molsidomine application only reversible ag- 
gregation was achieved and the extent of  aggrega- 
tion amounted to only 56% of that reached before 
molsidomine. 

Plasma Levels of Molsidomine and SIN 1 

Molsidomine was undetectable in plasma before 
administration, was 93.6_+16.2 ng/ml at 10 min 
and decreased from 63.7_+ 6.7 ng/ml at 20 min to 
44.1 -+4.2 and 36.3+4.7 ng/ml at 40 and 60 min, 
respectively. After an initial increase, mean plasma 
SIN 1 levels decreased more slowly from 
5.3 -+ 0.9 ng/ml at 10min to 4.8_+0.9ng/m1 at 
20 min, 4.4_+ 1.0 ng/ml at 40 min and 2.3 _+0.6 ng/ 
ml after I h (Fig. 3). Plasma molsidomine and 
SIN I levels of  those two volunteers who showed 
no increase in PAF threshold concentration were 
not different from those of  the others. 

Plasma Levels of Cyclic GMP 

Mean basal plasma levels of  cyclic G M P  were 
3.1 +0.2 pmol/ml at - 6 0  min and 3.1 _+0.4 pmol/ 
ml at - 5  min. After molsidomine injection, the 
cyclic G M P  concentration was 3.3_+0.4 pmol/ml 
at 10min and 3.6_+0.4 pmol/ml at 20 min. At 40 
and 60min it was 3.1_+ 0.2 pmol/ml and 
2.8_+0.2 pmol/ml, respectively. These concentra- 
tions were not significantly different from basal 
values (P < 0.11 ; Fig. 4). 
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Fig. 3. Plasma levels of molsidomine and its bioactive metabo- 
lite, SIN 1. At  0 min 60 gg molsidomine/kg body weight were 
given i.v. (mean_+ SEM) 
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Fig. 4. Plasma cyclic G M P  levels before and after molsidomine 
application (i.v. injection at 0 min) to healthy volunteers 
(mean _+ SEM) 

Other Determinations and Side Effects 

There was no measurable decrease in blood pres- 
sure in any subject at any time. Seven of  the 12 vol- 
unteers complained of  headache lasting for several 
hours. 

Discussion 

In the present study we have demonstrated that 
molsidomine, presumably via SIN 1, exerts an in- 
hibitory effect on ex vivo platelet aggregation after 
intravenous application of  a clinically common 
dose to healthy volunteers. 

We have already previously demonstrated that 
NO-containing substances like sodium nitroprus- 
side and SIN 1, but not organic nitrates, are potent 
inhibitors of  in vitro platelet aggregation in micro- 
molar concentrations [8, 13]. In the present study 
the antiaggregatory effect was observed after the 
molsidomine injection, although the achieved plas- 
ma SIN 1 levels were very low. Forty minutes after 
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molsidomine injection the average plasma SIN 1 
level was 4.5 ng/ml which is equivalent to 22 nM. 
The highest obtained level at 10 min was just 
45 nM. In in vitro experiments, 100- to 1000-fold 
higher concentrations of SIN 1 are necessary to 
activate soluble guanylate cyclase and to inhibit 
platelet aggregation [13]. This higher in vivo reac- 
tivity of platelets to SIN I compared with re- 
sponses in vitro can at least in part be explained 
by a better sensitivity of platelets under physiologi- 
cal conditions in vivo. It is possible that there are 
cofactors and/or comechanisms that potentiate the 
cyclic GMP-mediated antiaggregatory potency of 
molsidomine in vivo. One agonizing mechanism, 
at least to a certain extent, might be a synergism 
with prostacyclin as has been proposed for sodium 
nitroprusside [14]. 

After enzymatic conversion in the liver, molsi- 
domine serves as a donor of NO. Thus, it imitates 
a physiological mechanism by substituting an en- 
dothelium-derived relaxing factor, which recently 
was suggested to be NO [16] and also inhibits plate- 
let aggregation in vivo via increased cyclic GMP 
formation [11]. 

Unlike SIN 1 the NO-containing active metab- 
olite of molsidomine, the commonly used aggrega- 
tion inhibitors (e.g., acetylsalicylic acid) are cyc- 
looxygenase inhibitors. Cyclooxygenase inhibitors 
attenuate the aggregation induced by several ag- 
gregants [9], but they have only very little influence 
on PAF-induced aggregation [19]. Thus, the dem- 
onstrated antiaggregation after molsidomine in- 
take might constitute an additional or alternative 
protection against thrombotic complications in 
coronary heart disease. 

It is known from in vitro studies that NO and 
NO-containing substances increase cyclic GMP 
formation in vascular smooth muscle and platelets 
[20]. In contrast to these in vitro observations, plas- 
ma levels in our ex vivo study did not show signifi- 
cant systemic changes despite the obvious antiag- 
gregatory effect of  molsidomine. This is different 
from atrial natriuretic factor, which also exerts 
clinical effects via cyclic GMP (e.g., vasorelaxa- 
tion) and causes large increases in plasma cyclic 
GMP levels already in very low doses [7]. However, 
atrial natriuretic factor activates the membrane- 
bound form of guanylate cyclase [6], while NO in- 
creases cyclic GMP formation by interaction with 
the soluble form of the enzyme. In vivo, cyclic 
GMP obviously is not released from cells where 
soluble guanylate cyclase is activated as plasma 
levels did not change. Possibly, a significant in- 
crease of cyclic GMP inside the platelets can be 
demonstrated ex vivo as well. In agreement with 

previous findings [10], we conclude that plasma 
cyclic GMP levels mainly reflect the activity of par- 
ticulate guanylate cyclase, whereas the activation 
of cytoplasmic soluble guanylate cyclase does not 
increase plasma cyclic GMP levels as the formed 
cyclic GMP apparently remains inside the cells. 

In summary, we have shown in this study that 
molsidomine appears to be an effective inhibitor 
of platelet function also in vivo, an observation 
that is likely to be of clinical importance, since 
inhibition of platelet aggregation often is desired 
in antianginal treatment. 
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Buchbesprechungen 
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Molekiile der Oberfl/ichen yon Leukozyten und Lymphozy- 
ten wurden in den letzten 10 Jahren zunehmend charakterisiert 
und klassifiziert. Mit den ,,Clusters of Differentiation" ist eine 
international verbindliche und akzeptierte Nomenklatur yon 
Leukozyten-Markern entstanden. Von etlichen dieser Molekiile 
ist die Struktur bereits aufgekl/irt. Die Funktion lymphozyt/irer 
Antigene, insbesondere yon CD4 und CD8, ist auch bei bekann- 
ter Struktur noch nicht exakt aufgeklfirt. Lymphozyt/ire Ober- 
flfichenantigene k6nnen, je nach Beschaffenheit, grunds/itzlich 
vier Arten von Funktionen haben, nfimlich als Rezeptor ffir 
Fremdantigen, als Vermittler yon Zell/Zell Adh/isionen, als Re- 
zeptoren ffir wachstumsstimulierende Faktoren (z. B. Interleu- 
kin 1) und als Ausl6ser und Modifikator yon Zellaktivierung. 
- In dem jetzt herausgegebenen Buch sind Ubersichtsarbeiten 
yon 8 immunologischen Arbeitsgruppen (6x USA, 1 x 
Schweiz, 1 x BRD) enthalten, die sich jeweils ausgehend yon 
eigenen Ergebnissen anhand neuerer Ergebnisse mit Funktion 
und Struktur der lymphozyt/iren Antigene CD3, D4, CD8 T- 
Zell Rezeptor (TCR) sowie verschiedener Aktivierungsantigene 
befassen. - Biddison und Shaw zeigen nochmals die HLA 
Klasse I/II-Restriktion yon CD4/8 Lymphozyten. Eine der 

m6glichen CD4 Funktionen ist ihrer Meinung nach die Ver- 
mittlung von Zelladh~ision niedriger Avidit/it. Die Bindung an 
konstante Regionen von HLA Klasse II Molekfilen kann durch 
antiLeu3a (anti CD4) komplett inhibiert werden, nicht aber 
durch 16sliche anti CD4 Antik6rper. Eichmann und Boyce ge- 
hen nfiher auf die funktionellen Beziehungen zwischen CD8 
und dem TCR/CD3 Komplex in verschiedenen Differenzie- 
rungsstufen yon Lymphozyten ein: wfihrend bei ruhenden Vor- 
1/iuferzellen hierfiber die Interleukinproduktion stimuliert wird, 
spielen bei voll differenzierten Zellen Erkennungsvorg/inge eine 
gr6gere Rolle. Lifson und Engleman stellen die Bindungseigen- 
schaften yon CD4 ffir Regionen des Glykoproteins 120 yon 
HIV vor. Die hierffir verantwortlichen Epitope k6nnen nach 
ihren Ergebnissen mit kurzen Peptiden aus CD4 (z. B. CD4; 
81-92) blockiert werden. Janeway und Kollegen diskutieren 
unter anderem die Hypothese, dab die r/iumliche Assoziation 
von CD4 und TCR durch die Bindung beider Molekfile an 
HLA Klasse II zustandekommt. - Dem Immunologen, kli- 
nischen Immunologen und allen immunologisch Interessierten 
bietet dieses Buch eine exzellente fJbersicht. Bisherige Erkennt- 
nisse werden ausfiihrlich diskutiert, Arbeitshypothesen teils in 
Graphiken veranschaulicht und offene Fragen in jedem Kapitel 
deutlich ausgesprochen. Gemeinsamer Grundtenor bleibt vor- 
1/iufig, dab die physiologische Rolle des CD4 Molekfils nicht 
zweifelsfrei gekl/irt ist. J. Bogner (Miinchen) 


