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Summary. In 12 healthy male volunteers, molsido- 
mine 1, 2 and 4rag i.v. increased resting heart rate 
and decreased systolic blood pressure, the latter still 
being affected after 8 hours. After single oral doses 
of i and 2 mg, systolic pressure tended to be reduced 
for 90 minutes and exercise heart rate tended to be 
increased. After oral treatment with 2 mg molsido- 
mine three times daily for 1 week, the pharmacoki- 
netic parameters and the effects on heart rate and 
blood pressure after the final dose were not different 
from those after the first dose. The terminal half-life 
was independent of dose and route of administra- 
tion. Clearance and distribution volume were not 
dose-dependent. The bioavailability of a 2 mg oral 
dose of molsidomine was 44%. Inter-individual vari- 
ation in heart rate, blood pressure and pharmacoki- 
netics was observed. 
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In recent years molsidomine has attracted increasing 
attention as a vasodilating drug with a favourable ef- 
fect on several parameters of left ventricular func- 
tion. The incidence of side effects has been low and 
the drug has been used for the treatment of hyperten- 
sion [1] and angina pectoris [2, 3]. The present study 
was undertaken to study the dose-response relation- 
ships after single intravenous and oral doses, and af- 
ter chronic oral treatment, as well as the elimination 
pharmacokinetics. 

Material and Methods 

Twelve healthy men between the ages of 18 and 
40 years were selected for the study. To be eligable 
the subjects had to weigh within 10% of "ideal" body 

weight (weight/height minus 100) and to be free 
from disease, as judged by medical history, physical 
examination and laboratory investigations, compris- 
ing urine analysis, blood count, serum creatinine, 
fasting glucose, bilirubin, transaminases, alkaline 
phosphatase, conventional electrolytes and a 12-lead 
electrocardiogram. Throughout the study the sub- 
jects were asked to abstain from alcohol, starting 
48 h prior to the first dose of molsidomine. 

Study Design 

The study was designed as a single-blind, placebo- 
controlled trial. Eight subjects were randomly as- 
signed to molsidomine and 4 to placebo treatment. 
Each subject was studied for 8 days. During the ini- 
tial examination, all subjects underwent an exercise 
test on an electronically braked bicycle ergometer to 
determine the work-load, which resulted in a mean 
exercise heart rate of 150 (beats/rain) during the 5th 
minute. The mean work-load to achieve this effect 
was 179 J in the molsidomine group and 173 J in the 
placebo group. The individually established work- 
loads were used unchanged in all the exercise tests in 
the study. 

On Day I all subjects in the molsidomine group 
received 1 rag, on Day 2, 2 mg and on Day3, 4 mg 
molsidomine i.v. The subjects in the placebo group 
received matching amounts of placebo solution. All 
injections were given over 5 min. On Day 4 all sub- 
jects in the molsidomine group were given 1 mg oral- 
ly, and starting on Day 5, 2 mg orally every 8 hours 
for 7 days. In the placebo group matching placebo 
tablets were administered at the same times of the 
day. 

The trial was approved by the Grteborg Univer- 
sity Ethical Review Committee and the National 
Board of Health and Welfare. All subjects gave in- 
formed verbal consent prior to participation in the 
study. 
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Measurement of Effects 

On study Days 1, 2, 3, 4, 5, 6 and 8 the subjects ar- 
rived at the laboratory in the morning, on Days 1-3 
after a light breakfast and on Days 4, 5, 6 and 8 fast- 
ing. An indwelling catheter (Heparine Lock) was 
placed in a forearm vein for blood sampling and an- 
other i.v. cannula was inserted in the contralateral 
arm for injections. Heart rate and a Lead-II electro- 
cardiogram were monitored during the hour prior to, 
during and continuously for 8 h after the injection. 

Resting Heart Rate and Blood Pressure 

Immediately prior to blood sampling, resting heart 
rate was read from the cardiac monitor and the sys- 
tolic and diastolic blood pressures were measured 
with a mercury sphygmomanometer. The blood pres- 
sures were read to the nearest 5 mmHg. Diastolic 
blood pressure was taken at the disappearance of the 
Korotkoff sounds (Phase 5). Thus, on treatment 
Days 1-3, readings were obtained before and 3, 5,10, 
15, 30, 45, 60, 90 rain and 2, 3, 4, 5, 6 and 7 h after the 
injection. On treatment Days4, 5 and 11 readings 
were obtained before and 30, 60, 90 rain and 2, 3, 4, 5, 
6 and 7 h after the oral dose. 

Exercise Heart Rate and Systolic Blood Pressure 

On Days 1, 2 and 3, starting 16 minutes after the in- 
jection, and on Days 4, 5 and 11, starting 1 h after the 
oral dose, the subjects underwent a standardized ex- 
ercise test, using the predetermined work-load on an 
electronically braked bicycle ergometer. Heart rate 
and systolic blood pressure were measured during 
the 5th minute. 

Blood Sampling 

To determine the plasma concentrations of molsido- 
mine, 5 ml blood samples were taken before dosing 
and immediately after each blood pressure measure- 
ment. 

The blood samples were taken into heparinized 
tubes, which were centrifuged at room temperature. 
The plasma was separated and kept frozen at - 20 °C 
in a dark container for subsequent analysis in one 
batch. 

Plasma molsidomine was determined by the 
method of Dell and Chamberlain [4]. 

Adverse Reactions 

Every hour up to 10h on treatment Days 1, 2, 3, 4, 5 
and 11 the subjects were asked about any adverse or 
unusual signs or symptoms. Direct questioning was 
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used to uncover side effects, such as postural hypo- 
tension, shortness of breath, headache, insomnia, 
lightheadedness, depression, nausea, etc. 

After the study the subjects underwent a further 
physical examination and laboratory study identical 
to the pretrial examination. 

Pharmacokinetic Analysis 

All plasma molsidomine concentration versus time 
profiles for the intravenous and oral doses were fit- 
ted to an exponential equation using a computerized 
iterative procedure to minimize the sums of squares. 
The pharmacokinetic parameters of half-life (t~), 
area under the curve up to 8 h (AUCs) and to infinite 
time (AUC=), plus total clearance (Cl-r), area related 
volume of distribution (VD) and absolute bioavail- 
ability of oral doses (F) were calculated using stan- 
dard equations [5]. Maximum plasma levels of  mot- 
sidomine (Cpmax) and the time taken to achieve the 
maximum (tmax) were taken directly from the ob- 
served plasma levels. 

Statistical Analysis 

Conventional methods were used to calculate the 
mean and standard deviation. 

Heart Rate and Blood Pressure 

Differences between doses and experimental and 
control groups were analyzed by a split-plot type of 
analysis of variance with repeated measurements [6]. 
Multiple comparisons among means were analyzed 
by Duncan's multiple range test [7]. 

Pharmacokinetic Data 

Linear regression analysis was performed on the 
non-normalized AUC values for the 1, 2 and 4 mg 
i.v. doses after logarithmic transformation of the da- 
ta. A slope of unity would be indicative of linear ki- 
netics for molsidomine over the dose range ex- 
amined. 

Analysis of variance was used to determine over- 
all differences between treatments and subjects, and, 
when treatment-related differences occurred, Dun- 
can's multiple comparison [7] was employed to de- 
termine the significance of differences between each 
treatment combination. Prior to analysis of variance, 
Shapiro and Wilk's test was applied to ascertain 
whether the data were normally distributed [8]. The 
data were logarithmically transformed when it was 
considered necessary to stabilize the variance and/or  
to produce a distribution more clearly approximat- 
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Table 1. Heart rate (beats/rain) and systolic blood pressure (mmHg) at rest after various i.v. doses of molsidomine 
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Minutes after injection 

Before 3 5 10 15 30 45 60 90 120 180 240 300 360 480 

Heart rate Molsidomine 
[rngl 
1 X+_SD 83 

15 

2 X__+SD 75 
15 

4 X _+ SD 80 
10 

Molsidomine 
lmgl 
1 X _ S D  136 

9 

2 X _+ SD 132 
12 

4 X_+SD 130 
12 

79 78 71 92 81 76 73 73 71 68 68 70 71 69 
12 16 14 14 11 10 12 12 10 5 10 7 5 11 

73 75 74 98 91 77 77 68 69 67 67 73 71 66 
13 12 13 20 25 7 9 9 6 6 8 7 5 5 

78 80 77 107 90 82 82 77 73 67 70 73 70 67 
7 t l  12 20 13 11 11 12 11 9 8 13 7 6 

Systolic blood pressure 

128 125 122 111 116 113 114 119 116 116 119 121 123 123 
13 13 12 20 7 11 11 13 11 12 13 14 13 12 

127 125 117 109 121 109 110 11t 113 116 119 121 120 125 
13 14 10 t3 21 10 1t 9 9 13 15 15 13 13 

123 115 114 95 103 101 102 109 113 110 111 121 118 t18 
12 7 13 19 10 11 9 6 7 8 11 15 14 t3 

ing to that of a normal distribution. When there were 
missing values they were estimated by the method of 
Yates [9]. 

Statistical significance was always attributed to 
p <  0.05 and a trend to p <  0.10. Two-tailed tests were 
used throughout. 

Results 

Pharmacodynamics 

I. V. Administration 

Heart Rate. The heart rate in the placebo treated sub- 
jects was generally lower than in the subjects ran- 
domized to receive molsidomine. After the i.v. injec- 
tion, the heart rate at rest remained fairly stable in 
the placebo group. In the molsidomine group the 
resting heart rate increased (p<0.05) after injection, 
reaching a maximum after t5min  and thereafter 
gradually declining to levels that were lower than the 
preinjection values after 8 h (p< 0.05). There were no 
differences between the different dose levels of mol- 
sidomine (Table1). The exercise heart rates in- 
creased more after molsidomine than placebo injec- 
tion (p< 0,05) but the increases were not related to 
dose (Table 2). 

Systolic Blood Pressure. There were no differ- 
ences prior to the injection between the mean values 
for the molsidomine and the placebo treated sub- 
jects. The systolic blood pressure in the placebo 
treated subjects remained stable throughout the i.v. 

experiments. After molsidomine injection the resting 
systolic blood pressure fell, reaching a minimum ap- 
proximately 15 min after injection (p < 0.05), and re- 
mained decreased for up to 8 h after injection (p< 
0.05). There were no differences in systolic blood 
pressure between the different doses of molsidomine 
(Table t). The systolic blood pressures recorded dur- 
ing exercise were not influenced by molsidomine 
treatment (Table 2). 

Diastolic Blood Pressure. The mean diastolic 
pressure did not differ between the molsidomine and 
placebo treated subjects. The diastolic pressure re- 
mained stable in the placebo and molsidomine 
groups. There was no difference in diastolic pressure 
between the different dose levels of molsidomine. 

Single Dose Oral Administration 

Heart Rate. The resting heart rate was not influenced 
by single oral doses of 1 or 2 mg molsidomine. The 
exercise heart rate in the molsidomine treated group 
tended to be elevated in comparison to the placebo 
treated group (p< 0A0; Table 2), but no difference in 
heart rate between doses was found. 

Systolic Blood Pressure. There was no difference 
between the placebo and the molsidomine treated 
subjects before any oral dose. After administration 
both of 1 and 2 mg molsidomine the mean resting 
systolic blood pressure tended to fall, reaching a 
minimum approximately 90 min after tablet intake 
(p< 0.10). The decrease subsided after 8 h. No con- 
sistent pattern of change in exercise systolic blood 
pressure could be detected (Table 2). 
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Table 2. Mean heart rate and systolic blood pressure during stan- 
dard exercise after single i.v. doses of molsidomine, single oral 
doses and administration three times daily for 1 week (chronic; 
measurements after last dose). 

Intravenous Oral doses 
doses 

Single Chronic 

t m g  2mg 4mg l m g  2mg 2mg 

Molsidomine 
Heart rate X 159 163 158 154 156 150 
[beats/min] + S D  12 9 8 12 15 7 

Systolic 
blood 
pressure X 170 149 164 176 180 166 
[mmHg] + SD 21 29 17 32 30 23 

Placebo 
Heart rate X 152 149 151 147 147 147 
[mmHg] _+ SD 1 1 3 3 1 1 

Systolic 
blood 
pressure X 168 171 169 169 169 165 
[mmHg] _+ SD 13 5 3 10 10 10 
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Fig. 1. Mean plasma concentration-time profiles of molsidomine 
following i.v. and oral administration of various doses 

Diastolic Blood Pressure. The diastolic blood 
pressure was not influenced by single oral doses of 1 
or 2 mg molsidomine. 

Adverse Reactions 

Two subjects reported a slight headache, which last- 
ed about 2 h after 4 mg molsidomine i.v. 

Pharmacokinetics 

The mean plasma molsidomine concentrations fol- 
lowing various intravenous and oral doses are shown 
in Fig. 1, and the corresponding pharmacokinetic pa- 
rameters are summarized in Table 3. 

After intravenous administration of molsido- 
mine, the mean ( _+ SD) terminal half-life was 1.57 + 
0.96, 1.60_+0.75 and 1.20_+0.58h for the 1, 2 and 
4 mg doses, respectively; the mean values do not dif- 
fer significantly. The areas under the curve up to infi- 
nite time showed a dose-related increase, with mean 
(_+SD) values of 16.97_+7.17, 49.70_+18.59 and 
76.97_+30.75 ng ml -a .h for the 1, 2 and 4rag doses, 
respectively. However, after normalizing these AUC 
data to that equivalent to a 2 mg dose, there was no 
significant dose-related variability. The volume of 
distribution and total plasma clearance of un- 
changed drug were independent of dose, with overall 
mean values of 1091 and 982 ml rain-1, respectively. 

Single oral doses of 1 and 2 mg molsidomine 
gave maximum plasma levels of  5.5 _+ 2.2 and 10.4 + 
4.8 ng m1-1. There was an approximate twofold dif- 
ference in these values, reflecting a twofold increase 
in dose. After repeated oral doses of  2 mg the maxi- 
mum plasma level following the last dose was 
10.0 _+ 6.4 ng ml-t ,  which was not different from that 
seen after the first (single) 2 mg dose. The maximum 
plasma level was achieved within 0.5 to 1.5 h after an 
oral dose of molsidomine. The post-maximum level 
of unchanged drug declined exponentially, with a 
terminal half-life of 1.06 -+ 0.79 h and 0.75 _+ 0.33 h 
for the first and last 2 mg doses, respectively. These 
values were not significantly different and were 
equivalent to those seen after intravenous adminis- 
tration. The AUC's for the first and last 2 mg oral 
doses were not significantly different at 25.97 -+ 17.23 
and 23.93 _+ 13.60 ng ml - t .  h, respectively. The 
AUC= and half-life for the 1 mg oral dose were only 
obtained in 4 of the 8 volunteers and have been 
omitted from the analysis. Using AUC= values for 
the 2 mg intravenous and the first of the 2 mg oral 
doses a mean absolute bioavailability of  44_+15% 
was calculated. 

Discussion 

Chronic Oral Administration 

None of the variables studied after chronic oral 
doses differed from those studied after a single dose. 

The healthy volunteers in the present trial formed a 
homogenous group with regard to age, sex, height 
and weight. This was considered desirable in order 
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Table 3, Mean (_+ SD) pharmacokinetic parameters of molsidomine following i.v. and oral administration 

207 

Intravenous doses Oral doses 

1 mg 2 mg 4 mg I m g  2 mg 2 mg 
Single Single Chronic 

Day I Day 2 Day 3 Day 4 Day 5 Day 11 

Terminal half-life [h] X + SD 1.57 1.60 1.20 1.06 0.75 
0.96 0.75 0.58 0.79 0.33 

Maximum plasma concentration X + SD - - - 5.5 10A 10.0 
[ng. ml- i]  2.2 4.8 6.4 

Time to maximum X + SD - - - 1.6 0.7 0.8 
plasma concentration [h] 1.6 0.3 0.4 

Area under the curve X + SD 16.97 49.70 76.97 25.97 23,93 
[ng. h. ml -~] 7.17 18.59 30.75 17.23 13,60 

Area under the X + SD 33,94 49.70 38.49 25.97 23,93 
curve normalized [ng.h .ml  -/] 14.34 18.59 15.38 17.23 13,60 

Systemic clearance [ml. ra in-  i] X + SD 1172 770 1003 
544 330 437 

Volume of distribution [1] X_+ SD 133.6 98.1 96.2 
68.8 47.9 35.9 

Absolute bioavailability [%] X +_ SD . . . .  44 - 
15 

to decrease inter-individual variation. However, the 
findings, particularly about heart rate and blood 
pressure, but also about pharmacokinetic variables, 
did show inter-individual variations. In contrast to 
the scattered values of heart rate and blood pressure 
in the molsidomine group, the subjects in the control 
group remained more stable. Due to the inter-indi- 
vidual variation, the study failed to show a dose re- 
lated influence of molsidomine on heart rate and 
blood pressure. However, as the systemic experience 
was assessed it was apparent that molsidomine given 
intravenously lowered systolic blood pressure and 
increased heart rate at rest. These findings are in ac- 
cordance with other reports about haemodynamic 
observations after molsidomine administration [t0, 
11, 12] and are probably due to to the venodilator 
properties of the drug. After oral administration and 
during exercise no significant difference in heart rate 
and blood pressure between the molsidomine and 
control groups could be detected. Failure to observe 
such differences may partly have been due to the tri- 
al methodology. It should be pointed out, however, 
that different findings might well have been encoun- 
tered in patients either with hypertension or conges- 
tive heart failure. 

The AUC data after i.v. administration of mol- 
sidomine showed kinetic linearity of the drug up to a 
dose of 4 mg. The maximum level produced by the 
1 mg p.o. was approximately half of that found after 

the 2 mg dose, showing that the kinetics of molsido- 
mine also appear to be linear for oral dosing. 

The terminal half-life for the unchanged drug 
(approximately 1.3 h) ranged from 0.4 to 2.9 h for the 
i.v. dose and from 0.3 to 2.4 h for the oral dose. The 
half-life was independent of the route of administra- 
tion and was not, therefore, absorption rate-limited. 
These data agree quite well with t,n values measured 
in healthy volunteers [13] and in patients with coro- 
nary heart disease [14-17]. 

The total plasma clearance of approximately 1 1 
rain-1 approaches the equivalent hepatic blood flow 
of 1.41 min -1, suggesting that the liver may be the 
major metabolizing organ for molsidomine [13]. This 
may account for the absolute bioavailability of the 
drug of 44% and would suggest the possibility of first 
pass metabolism. This, however, is a necessary and 
desirable step, because molsidomine is a prodrug 
[I81. 

The plasma molsidomine and the calculated 
pharmacokinetic parameters Cmax, tv2 and AUC~ and 
bioavailability all exhibited considerable intersubject 
variability, which is to be expected for a "high-dear- 
ante" drug [19]. 

Based on comparison of Cmax, t,a and AUC~ be- 
tween the first and last 2 mg oral doses of molsido- 
mine, there was no evidence to suggest that the phar- 
macokinetics of the drug altered upon multiple 
dosing. This result was expected, since the terminal 
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half-life of elimination was much less than the 24 h 
dosing interval. This is also in agreement with kinetic 
results from patients with myocardial infarction 
treated with 4 mg molsidomine four times daily for 
29 days [20], 

In conclusion, in the present study ofi. v. and oral 
administration of molsidomine, the pharmacokinet- 
ics of unchanged drug in the plasma were seen to be 
independent of dose, and there was no evidence to 
suggest that unchanged drug would accumulate after 
multiple doses of 2 mg daily. 
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