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ABSTRACT 
The plasma concentrations and bioavailability of sustained-release isosorbide dinitrate 
and standard-release pindolol have been compared after administration of these drugs in 
combination and alone. 

Bioavailability parameters of isosorbide dinitrate and pindolol obtained after adminis- 
tration of the drugs in combination were not significantly different (P>O.O5) to those 
obtained after administration of either drug alone. 

Two peaks of mean concentrations of isosorbide dinitrate occurred in plasma after 
administration of 30 mg of this drug in combination with 7.5 mg pindolol(4.4 ng ml - I at 
I hand  4.5ngml-' at 5h), or alone (59ngml-I at 2 h  and 5.7ngrnl-' at Sh). In each 
case, plasma concentrations of isosorbide dinitrate were maintained during at least 8 h, 
whereas the drug was not detected in plasma at 2.5 h after administration of a standard- 
release formulation. 

The peaks of mean concentrations of pindolol were 39.7ngml-I at 1.5 h after 
administration of 7.5 mg drug in combination with isosorbide dinitrate and 38.0 ng mi- I 

at 1 h after administration of the drug alone. Concentrations of pindolol in plasma 
declined with a half-life of 3 h. 
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INTRODUCTION 

Isosorbide dinitrate ( 1  : 4, 3 : 6-dianhydrosorbitol 2,5-dinitrate) is a drug of 
proven effectiveness in the treatment of acute angina pectoris,' - and sustained- 
release preparations of the drug are available for the prophylaxis of this 
condition. Isosorbide dinitrate has been administered with a /I-adrenoceptor 
antagonist in order to take advantage of the synergistic action of these drugs 
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when administered together and for the treatment of cases refractory to the 
organic nitrate alone.'-' One such combination formulation (Nitrovisk 
retard") contains isosorbide dinitrate and pindolol (4-[2-hydroxy-3- 
(isopropylamino)propoxy]indole.9- ' The terminal half-lives of isosorbide dinit- 
rate (25-30 min) ' ' a  ' and pindolol (ca. 3 h)' * '' are widely different and in order 
to achieve a similar duration of relatively high plasma levels of each drug, this 
combination formulation was designed to release isosorbide dinitrate over an 8-h 
period and to release pindolol without delay. The study reported here was 
designed to test the in vivo bioavailability performance of the combination 
formulation in human subjects by estimating the comparative bioavailability of 
the drugs in combination, relative to a sustained-release formulation of 
isosorbide dinitrate alone and a standard-release formulation of pindolol alone. 
Although the use of organic nitrates and a-adrenoceptor antagonists in 
combination was described more than a decade ago, there do not appear to be 
any reported studies of the effect that one such drug may have on the bio- 
availability of the other. 

MATERIALS AND METHODS 

Drug Formulations 
Capsules containing 30 mg sustained-release isosorbide dinitrate and 7.5 mg 

standard-release pindolol in combination (Formulation A), capsules of 30 mg 
sustained-release isosorbide dinitrate alone (Batch 6 5 4 ,  Formulation B), tablets 
of 7-5 mg standard-release pindolol alone (Visken@, Batch 14-F, Formulation C) 
and tablets of 5-mg standard-release isosorbide dinitrate (Batch 48-F, 
Formulation D), were all supplied by Sandoz A.G., Nuremberg, Germany. 

Selection of subjects 
Nine healthy adult male subjects (age range 18-2 1 years and bodyweight range 

60-72 kg) were selected from volunteers for the study, and consented in writing to 
participate after being informed of the purpose of the study and the nature of the 
drugs. Before and after the study. they were submitted to a comprehensive 
medical examination at which blood and urine samples were taken for laboratory 
tests. The subjects remained in good health, and drug administration had no 
detectable adverse effects. The study was approved by the appropriate Ethics 
Commit tees. 

Dosage schedule and sampling 
All subjects fasted for 12 h before drug administration and for 4 h afterwards. 

The study was composed of two parts; (i) administration of formulations A, B, 
and C was conducted as a 3-way complete crossover in a repeated latin square 
design with an interval of one week between doses; and @)each subject received a 
single dose of Formulation D one week after completion of the crossover study. 
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Each subject ingested one tablet or capsule, as appropriate, together with 100ml 
water. Blood samples were withdrawn from the antecubital veins into hepari- 
nised tubes before dosing and at several times afterwards. Blood cells were 
removed by centrifugation without delay and were discarded. The separated 
plasma was stored at -20". 

Measurement of drug concentrations in plasma 
Concentrations of isosorbide dinitrate in plasma were measured by a gas 

chromatographic method. '' The mean recovery of isosorbide dinitrate was 87 
per cent+6 S.D. over the range 1-10ngml-' and the limit of detection was 
0-5 ngml- '. The error (coefficient of variation) in taking the standard calibration 
lines for determination of isosorbide dinitrate concentration was f 8 per cent 
over the range l-IOngml-'. 

Concentrations of pindolol in plasma were measured by a fluorimetric 
method.I6 The mean recovery of pindolol was95 per cent +6  S.D. over the range 
of 2.5-40 ng ml- ' and the limit of detection was 1 ng ml- '. The error (coefficient 
of variation) in taking the standard calibration lines for determination of 
pindolol concentrations was +20 per cent over the range 2.5-40ngml- '. 
Data processing 

Half-lives of drug decline in plasma were calculated after least squares 
regression analysis of log concentration against time during the terminal linear 
sections of the log concentration-time curves. Areas under the 
concentration-time curves (AUC) were calculated by the trapezoidal rule and 
adjusted to infinite time. Formulation-related differences in bioavailability 
parameters (after administrations of Formulations A, B, and C) were tested for 
significance by analysis of variance using regression techniques. l 7  

Plasma clearances of pindolol were calculated by dividing the dose by the 
AUC, assuming that oral doses of pindolol are completely bi~avai lable .~ 
Volumes of distribution of pindolol were calculated by dividing the clearance by 
the rate constant for drug decline in plasma obtained by regression analysis of the 
log concentration-time curve. Assuming a one compartment model,' this 
volume of distribution is synonymous with VDca, and VmSs). 18 

RESULTS 

Plasma drug concentrations 
Peaks of mean concentrations of isosorbide dinitrate of 4.5 ngml- I ,  

5.9 ng ml- ' and 4.6 ng ml- ' occurred at 5 h, 2 h, and 40 min respectively after 
single oral doses of 30 mg in Formulation A (the combination formulation) and 
B (sustained-release isosorbide dinitrate alone) and of 5 mg in Formulation D 
(standard-release isosorbide dinitrate alone) respectively; however, secondary 
peaks of mean concentrations of 4.4 ng ml- ' and 5.7 ng ml- ' also occurred at I h 
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and 5 h respectively after doses of Formulations A and B respectively (Table 1, 
Figure 1). At about 12h after administration of Formulation A and B, 
concentrations of isosorbide dinitrate in  plasma were at or below the limit of 
detection. By contrast, isosorbide dinitrate was not detected in the sample 
withdrawn at 150min after doses of the standard-release tablets of Formulation 
D. Peaks of mean concentrations of pindolol of 39.7 ng ml- ' and 38.0 ng ml- ' 
occurred at 1.5 h and 1 h respectively after administration of the combination 
Formulation A and Formulation C (standard-release pindolol alone) respec- 
tively (Table 2, Figure 2). 

Table 1 .  Mean plasma concentrations of isosorbide 
dinitrate after single oral doses of formulations 
containing 30 mg sustained-release isosorbide di- 
nitrate and 7.5  mg standard-release pindolol in 
combination (A), 30 mg sustained-release isosor- 
bide dinitrate alone (B) and 5 mg standard-release 
isosorbide dinitrate alone (D). Results are ex- 

pressed as ngml- 'fS.D. 

Time Formulation 
(h) A B D 

0.25 
0.5 
0.67 
0.83 
1 
1.25 
1.5 
2 
2.5 
3 
4 
5 
6 
8 

12 
16 

- 
2.3 f 1.2 
- 

- 
4.4 f 2.6 

3.7 f 1.5 
2.7 f 1.2 

2.9 f 1 . I  
3.8f2.3 
4.5 f 2.8 
2.6 f 0.9 
1.3f0.8 
0.5 

ND 

- 

- 

- 
3.4 f 2-6 
- 
- 

4.9 f 3.0 

5.0 f 2.2 
5.9 f2.7 

4.5 52.3 
5.4 f 4.2 
5.7 f4.3 
4.0f2.1 
1.9 f 1.4 

ND 
ND 

- 

- 

2.9 f 3.4 
3.8 k3.1 
4.6 f 2.3 
4-4 1.3 
3.2f1.3 
2.2k1.5 
1.9 f 2.2 
0.7 

ND 

ND = not detected (<O.Sngml-') .  

Drug bioavailability 
The mean of peak plasma isosorbide dinitrate concentrations of 

5-4 ng ml- + 2.5 S.D. after administration of the combination Formulation A 
(occurring at 2.9 h f2 .3  S.D.) was lower than that of 7.3 ngml- +4 S.D. after 
the administration of Formulation B containing isosorbide dinitrate alone 
(occurring at 2.7 h f 1.7 S.D.). However, neither these mean peak concentrations 
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Time (h) 
Figure I .  Mean plasma concentrations of isosorbide dinitrate after single oral doses of Formulation 
A (M, containing 30 mg sustained-release isosorbide dinitrate and 7-5 rng standard-release 
pindolol), Formulation B (M containing 30mg sustained-release isosorbide dinitrate alone) 

and Formulation D (C--O, containing 5 rng standard-release isosorbide dinitrate) 

Table 2. Mean plasma concentrations of 
pindolol after single oral doses of formu- 
lations containing 7.5 mg standard-release 
pindolol and 30 mg sustained-release iso- 
sorbide dinitrate in combination (A) and 
7.5 mg standard-release pindolol alone (C). 

Results expressed as ngml- ' +S.D. 

Time Formulation 
(h) A C 

0.5 
1 
1.5 
2 
3 
4 
5 
6 
8 

12' 
16 

12.1 f16.9 
32.8 f 18-7 
39.7 k 9 . 8  
38.5 f 9 . 2  
36.0 f 7.3 
27. I f 8.6 
20.9 f 6.3 
16.1 k 6 . 9  
9.3 f 4 . 9  
4.4f4.1 

ND 

24.8 f 17.5 
38.0 k9 .8  
37.3 k 9 . 8  
37.5 * I 1 .o 
30.8 k 9.4 
24.4 * 7.3 
19.8 6.6 
15.2 f5.7 
10.2k4.1 
2.4 k 3.0 
1 . 1  f 1.5 

ND = not detected ( < I ng ml- I ) .  
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Trne (h) 
Figure 2. Mean plasma concentrations of pindolol after single oral doses of Formulation A (M, 
containing 7.5 mg standard-release pindolol and 30 rng sustained-release isosorbide dinitrate) and 

Formulation C (H, containing 7.5 rng standard-release pindolol alone) 

of isosorbide dinitrate nor their times of Occurrence were statistically signific- 
antly different (P > 0.09, and formulation-related differences in the rates of 
bioavailability of isosorbide dinitrate from these two formulations were not 
detected (Table 3). Similar mean peak concentrations were measured after 
administration of the standard Formulation D containing only 5 mg, but 
isosorbide dinitrate concentrations after administration of this formulation 
declined rapidly. 

The mean of peak plasma pindolol concentrations of 44.9 ng ml- f 7.6 S.D. 
and 44.8ngml-'+6*9S.D. occurred at 1.6hk0.7S.D. and 1.2hf0.7S.D. 

Table 3. Mean bioavailability parameters of isosorbide dinitrate obtained after 
single oral doses of formulations containing 30 mg sustained-release isosorbide 
dinitrate and 7.5 mg standard-release pindolol in combination (A), 30mg 
sustained-release isosorbide dinitrate alone (B) and 5 mg standard-release iso- 

sorbide dinitrate alone (D) 

Formulation 
Parameter* A B D 

Peak level (ngml-') 5.4k2.5 7.3 k4.0 5.8f2.1 
Time of peak level (h) 2.9 + 2-3 2.7 k 1.7 0.65 f 0.25 
Terminal half-life (min) - - 24+3 
Area (ng.h ml- ')t 28.1 f 1 1.2 38.8 k 20.3 5.4 f 3.6 
Area (ng.hml-'mg-')$ 0.9 f 0-4 1 . 3 k 0 . 7  1 . 1  f 0 . 7  

Mean k S . D .  Parameter means for Formulations A and B were not significantly different 
(P>O.O5).  
t Total area under plasma concentration-time curve. 
2 Total area corrected for dose variations. 
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respectively after administration of the combination Formulation A and the 
standard formulation containing pindolol alone (Formulation C) respectively. 
Again, neither the mean peak plasma pindolol concentrations nor their times of 
Occurrence were statistically significantly different (P > 0-05) and the rates of 
bioavailability of pindolol from these two formulations were similar (Table 4). 

The extent of drug bioavailability was assessed by comparison of the areas 
under the plasma concentration-time curves, and in each case formulation- 
related differences in mean areas (Tables 3 and 4) were not statistically significant 
(P > 0.05), although in the case of isosorbide dinitrate, areas after administration 
of the combination Formulation A tended to be lower than those after 
administration of Formulation B containing isosorbide pinitrate alone (Table 3). 

Drug pharmacokinetics 
The mean half-life of decline of isosorbide dinitrate concentrations in plasma 

was 24 min after administration of the standard-release Formulation D (Table 
3). No other pharmacokinetic parameters were calculated since these have 
already been evaluated following a 5 mg oral dose. Calculation of the terminal 
half-lives of isosorbide dinitrate after administration of the sustained-release 
Formulations A and B was not appropriate. 

The mean half-life of decline of pindolol concentrations in plasma was 3 h after 
administration of the combination Formulation A and the formulation contain- 
ing pindolol alone (Formulation C). The mean plasma clearances of drug were 
similar after administration of Formulations A and C (591 mlmin-' and 
597mlmin-I respectively), as were the volumes of distribution (141 and 
153 litres respectively) (Table 4). 

Table 4. Mean bioavailability parameters of pindolol after single oral 
doses of formulations containing 7.5 mg standard-release pindolol and 
30 mg sustained-release isosorbide dinitrate in combination (A) and 

7.5 mg standard-release pindolol alone (C) 

Parameter* 
Formulation 

A C 

Peak level (ng ml- I )  44.8 + 6.9 
Time of peak level (h) 1.6f0.7 1.2k0.7 
Terminal half-life (h) 3.0 f 1.2 3.0 0.4 
Area (ng.h ml- ')t 239 k 90 225 k 65 
Plasma clearance (mI min- ') 591 f213 597 k I69 
Volume of distribution ( I )  141 k 4 6  153 k 4 2  

44.9 f 7.6 

Mean S.D. Parameter means for Formulations A and C were not signifi- 
cantly different (P>0.05). 
t Total areas under the plasma concentration-time curve. 
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DISCUSSION 

Administration of the combination Formulation A containing 30 mg sustained- 
release isosorbide dinitrate and 7.5 mg standard-release pindolol provided 
plasma concentrations of pindolol which remained above a level of half the peak 
concentration during 4.3 h after dosing. Plasma concentrations of isosorbide 
dinitrate were also maintained above a value of half the peak level during 6 h after 
dosing (Figure 3). In contrast, isosorbide dinitrate levels after administration of 
the 5 mg standard-release tablets of Formulation D declined very rapidly from 
the peak level and were close to the limit of detection after 2 h. To maintain an 
isosorbide dinitrate concentration-time pattern similar to that of pindolol, this 
standard-release formulation would need to be administered in multiple doses at 
narrow dosage intervals. 

-- 8 -  
1- 
E 
m c - 

6 -  e 
.A- .- c .- 

c 0 
Time (h) V 

Figure 3 .  Mean concentrations of isosorbide dinitrate (M) and pindolol (M) after single 
oral doses of Formulation A containing 30mg sustained-release isosorbide dinitrate and 7 .5  mg 
standard release pindolol. and mean concentrations of isosorbide dinitrate (W) after single oral 

doses of Formulation D containing 5 mg standard-release isosorbide dinitrate alone 

When corrected for difference in dose, areas under the isosorbide dinitrate 
plasma concentration curves (expressed in units of ng.h ml- ' mg- ') were 0.9, 
1.3, and 1.1 after administration of Formulations A, B, and D respectively (Table 
3). Although the standard-release Fopulation D was not included in the 
crossover study, the extent of bioavaifability of isosorbide dinitrate from this 
formulation was apparently similar to that from the two sustained-release 
formulations. 

Plasma concentrations of isosorbide dinitrate measured in this study were 
similar to those measured in other studies at corresponding dose levels.13* 14. l9 

Plasma concentrations of pindolol were also linearly related to those reported 
after administration of slightly different doses. ' ' The plasma half-life, plasma' 
clearances and volumes of distribution of pindolol agreed with values reported 
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elsewhere. 1 1 *  l 2  No evidence was obtained during the present study to suggest 
that co-administration of one drug had an effect on the bioavailability of the 
other. 
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