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SUMMARY 

Plasma concentrations of isosorbide dinitrate have been measured after intravenous 
infusion of drug at a rate of 5.0 mg h-l for 150 min and after single equal oral doses 
of 12.5 mg of drug in solution to two normal human subjects. During the infusion, 
uneven plateau concentrations were approached after 30 min. The calculated average 
steady-state plasma levels were 258 ng ml-l and 514 ng ml-’ in the two subjects re- 
spectively. The half-life of elimination of isosorbide dinitrate after termination of the 
infusion was 9-10min. After oral doses, peak plasma levels of 26.6 ngml-I and 
12-7 ngml-l occurred at 10min and 20min in the two subjects respectively. The 
terminal half-life of drug after the oral doses was much longer than the elimination 
half-life (about 10 min), and was associated with the absorption phase. Fairly good 
agreement was obtained between the observed concentrations and those predicted by 
a one-compartment open model. 

The systemic availability of isosorbide dinitrate after the oral doses was up to only 
3 per cent of the equal doses infused, indicating that presystemic elimination processes 
accounted for very large proportions of the oral doses. The systemic clearances of 
drug after infusion of 0.32 1 min-l and 0.16 I min-l were unexpectedly low for a drug 
of reported high liver extraction ratio. 
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INTRODUCTION 

Isosorbide dinitrate (ISDN, 1,4:3,6-dianhydrosorbito1-2,5-dinitrate) is a n  
organic nitrate vasodilator and anti-anginal agent which is administered orally 
a n d  sublingually for the treatment of angina pe~ to r i s . l -~  Since drug action is 
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held to be a function of drug concentration in plasma, ISDN is also adminis- 
tered by intravenous infusion to avoid presystemic elimination processes, the 
existence of which have been inferred from in uitro studies and experiments 
with  animal^.^ 

The pharmacokinetics of ISDN after intravenous infusion at a therapeutic 
dose level have now been studied in two normal subjects in a study which was 
originally designed primarily to determine the optimal times of blood sampling 
for use in  more extensive studies with larger numbers of subjects. Plasma 
concentrations of ISDN were also measured after single equal oral doses of 
ISDN in aqueous solution to the same subjects. 

EXPERIMENTAL 

Materials 
Ampoules of ISDN for intravenous infusion (Isoketa’, Batch no. 04705) 

were kindly supplied by Pharma Schwarz-Monheim GmbH, West Germany. 
Each ampoule contained 10 mi of a solution of ISDN (1 mg ml-l) in isotonic 
saline. For intravenous dosing, the contents of the ampoules were diluted with 
isotonic saline for intravenous use ( I :  19 v/v). For oral dosing the ampoule 
contents were diluted with water (50 ml) and swallowed. 

Dosing schedule 
Two normal healthy male subjects aged 19 and 21 years and of body weights 

66.1 and 69.5 kg respectively volunteered for the study and consented, in 
writing, to participate after the nature and objective of the study had been 
explained. The study was approved by the relevant ethics committees. The 
subjects were submitted to physical examinations before and after the study 
and blood and urine samples were taken on each occasion for laboratory in- 
vestigations. The results of these examinations showed that each subject was 
in good health and that administration of the drug had no detectable effect 
upon their health. Pulse rates and blood pressures were monitored for several 
hours after administration of the doses and no adverse reactions (such as 
headache) were reported. 

After an overnight fast, JSDN (12.5 mg in 250 ml isotonic saline) was infused 
into an antecubital vein of each subject at  a rate of 5 0 m g  h-l (100ml h-l) 
for 2.5 h. At this time the infusion set was disconnected. Blood samples ( 5  ml) 
were withdrawn by venepuncture from the antecubital veins of the other arms 
into heparinized tubes at several times during the infusion, including one 
sample immediately before the infusion set was disconnected. Other blood 
samples were withdrawn at  several times after the infusion was terminated. 
In the context of this initial study with parenteral doses, consideration of the 
well-being of the two subjects precluded the placing of in-dwelling catheters 
in the antecubital veins of the arm not used for infusion, and some samples 
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taken at short intervals during 20 min after infusion were withdrawn from the 
infusion site. Assay of these samples provided results which were anomalously 
high, presumably by contamination from the infusion fluid, and these samples 
taken from the infusion site were not included in the data processing. One 
week later, after an overnight fast, each subject ingested a single equal oral 
dose (12.5 mg) dissolved in water (50 ml). Blood samples were withdrawn into 
heparinized tubes at several times after dosing. Fasting was continued until 
all samples had been collected. 

After withdrawal, all blood samples were immediately cooled in ice-water 
and blood cells were removed without delay by centrifugation and discarded. 
The separated plasma was stored at -20 "C. 

Measurement of plasma concentrations of ISDN 
Plasma concentrations of unchanged ISDN were measured by the gas 

chromatographic method of Doyle et a1.4 Calibration curves of peak height 
ratio of ISDN to internal standard (glyceryl trinitrate) were linear over five 
concentration ranges up to 1000 ng ml-l and ISDN concentrations were 
measured by reference to the most suitable calibration line. The 95 per cent 
confidence limits of taking the calibration lines as estimates of ISDN concen- 
tration were a 92 per cent at 1 ng ml-l, & 11 per cent at 10 ng ml-l, f 9 per 
cent a t  25 ng ml-l, _+ 6 per cent a t  250 ng ml-l, and _+ 9 per cent at 500 ng ml-l. 
The recovery of ISDN added to plasma was 90 per cent at a level of 4.0 ng ml-l, 
88 per cent a t  10ngml-l, 90 per cent at 50ngml-l, and 93 per cent at 400 
ngml-', but since the calibration curves were constructed from ISDN and 
internal standard added to plasma, results were automatically corrected for 
small losses in analysis. The precision of the method of analysis was defined 
by the coefficients of variation of the mean of five replicate measurements of 
~f: 7.1 per cent at 5 ng ml-l, _+ 4.3 per cent at 50 ng ml-l, and f 5.1 per cent 
at 250 ng ml-l. The limit of detection of 0.2 ng ml-l was set by instrumental 
noise. 

Data processing 
Half-lives of drug decline in plasma were calculated after least-squares 

regression of log concentration on time using data points on the terminal 
linear sections of the log concentration-time curves. Areas under the drug 
concentration-time curves were calculated by numerical integration and by 
the trapezoidal rule. Derivation of equations used for data processing have 
been discussed by Gibaldi and Perriel.5 and Wilkinson and Shand.6 

RESULTS 

During the infusion period, plasma concentrations increased rapidly to approach 
uneven 'plateau' concentrations after 30min (Figures 1 and 2). Fairly large 
variations of plasma concentrations occurred, for example, from 279 ng ml-' 
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to 878 ng ml-1 to 469 ng ml-l in Subject 2 during 45-90 min (Table 1). The 
average steady-state plasma concentrations of 258 ng ml-l and 514 ng ml-l 
for Subjects 1 and 2 respectively (Table 2) were calculated by dividing the 
infusion rate by the systemic clearance. After the infusion had ceased, plasma 

30 60 90 120 150 180 210 240 

Time (min) 

Figure 1. Plasma concentrations of isosorbide dinitrate in Subject 1 after single oral doses of 
125 mg (.---.) and during and after intravenous infusion at 5.0 mg h-' for 150 min 
( 0- 0). The solid line represents concentrations predicted by a onecompartment open 

model 

ISDN concentrations declined very rapidly according to an apparent first- 
order elimination process with half-lives (Ti) of 9.2 min and 10.4 min in Sub- 
jects 1 and 2 respectively. More than 97 per cent of the variance was accounted 
for by fitting the regression of log concentration against time up to 90 min after 
infusion. After 90 min, concentrations of ISDN in the plasma of each subject 
increased slightly (to approximately 2 ng ml-l), and low plasma levels were 
present up to 150 rnin after the infusion had ceased (Table 1). 

After single equal oral doses, the peak plasma concentrations of ISDN of 
26.6 ng ml-l and 12.7 ng ml-' were reached at 10 min (the first time of samp- 
ling) and 20 min in Subjects 1 and 2 respectively (Table 1). After reaching the 
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peak levels, plasma ISDN concentrations declined according to an apparent 
first-order process with half-lives of 25.1 min and 26.6 min respectively (Table 
2, Figures 1 and 2). These half-lives are similar to those reported previously.'* 
The peak levels are also linearly related to those obtained after oral doses of 
5 mg in tablet  formulation^.^^ 
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Figure 2. Plasma concentrations of isosorbide dinitrate in Subject 2 after single oral doses of 
12.5 mg (0-0) and during and after intravenous infusion at 5.0 mg h-' for 150 min 
(0- 0). The solid line represents concentrations predicted by a onecompartment open 

model 

The total systemic clearances of ISDN of 0.322 1 min-l and 0.162 1 min-l 
in Subjects 1 and 2 respectively after infusion, and also the clearances after 
oral doses (10.6 1 min-l and 17.7 1 min-l in these subjects respectively), were 
calculated by dividing the dose by thc drea under the plasma concentration- 
time curves after administration of each respective dose. The volumes of 
distribution of 4-30 1 and 2.42 1 in Subjects 1 and 2 respectively were calculated 
by dividing the systemic clearance by K, where K is the rate constant for 
elimination and is equal to (log, 2)/T4. 
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Table 1. Plasma concentrations of isosorbide dinitrate during and after intravenous 
infusion at a rate of 5.0 mg h-l for 2.5 h and after single equal oral doses (12.5 mg) 

to human subjects. Results are expressed as ng ml-1 

Concentrations 
Time Subject 1 Subject 2 

Infusion Oral Infusion Oral 

10 171 
20 - 
30 171 
40 - 
45 300 
50 - 
60 243 
90 300 

105 - 
120 229 
150 229 
180 29.0 
195 13.1 
210 2- 1 
225 0.8 
240 2.1 
255 2.0 
270 2.0 
285 1.6 

26.6 
19.4 
16.2 
10.0 

7.7 
10.4 
2.8 
2-6 
1 .o 

- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

214 

339 

279 

878 
469 

472 
304 
130 

- 

- 

- 

- 

18.0 
7.1 
2.6 
0.2 
1 *9 
1 -9 
1 -8 

ND =Not detected ( c 0 2  ng d-3. 

Table 2. Pharmacokinetic parameters of isosorbide dinitrate in human subjects 

Parameter Subject 1 Subject 2 
~ ~~~~~~ ~ ~ ~ ~~ 

In fwion doses : 
Total area (ng min ml-I) 
Average steady-state plasma concentration (ng ml-l) 
l%nination half-life (min) 9.2 
Elimination rate constant (min-l) 0.075 
Systemic clearance (1 min-1) 0.322 
Volume of distribution (1) 4.30 

3% 807 
258 

Oral doses : 
Total area (ng min ml-1) 
Terminal half-life (min)* 
Clearance (1 min-l) 
Systemic availability (A) 

1174 
25.1 
10.6 
3.0 

77 134 
514 
10.4 
0.067 
0.162 
2-42 

707 
26.6 
17.7 
0.9 

* This is an absorption half-life, see text. 
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The systemic availability of ISDN of 3.0 per cent and 0.9 per cent in Sub- 
jects 1 and 2 respectively was calculated by dividing the total area under the 
plasma concentration-time curves after the oral doses by the total areas after 
the infusions, since equal doses were administered by each route. 

Using these parameters, the plasma concentrations predicted by a one- 
compartment open model were calculated by the equations: 

K 
V K  

c = - (  1 - e-K1) e-R1 for the infusions 

and 

C = (L 1 (e--IIl-e-“&t) for the oral doses 
V K , = K  

where C is the plasma concentration, F the fraction of an oral dose D which 
enters the systemic circulation unchanged (systemic availability), KO the in- 
fusion rate, V is the volume of distribution, K ,  and K the rate constants for 
absorption and elimination respectively, and T and t the times during and 
after infusion (and oral doses) re~pectively.~ A fairly good visual agreement 
between the observed and predicted values was obtained (Figures 1 and 2). 

DISCUSSION 

Although data from only two subjects are available, the data from each were 
sufficiently similar to provide a general description of the pharmacokinetics 
of ISDN. The half-lives of elimination after the end of the infusion were much 
shorter than the half-lives of the terminal linear sections of the concentration- 
time curves after oral doses. In this study it was not possible to measure the 
half-lives of the initial ascending phases of these curves after oral doses, but 
Assinder et af.’ reported an initial half-life of 6.3 min which is similar to the 
elimination half-lives reported here. Thus a ‘flip-flop’ mcdel applies to ISDN 
plasma concentration data after oral doses, and the respective terminal linear 
section of the concentration-time curve is associated with an absorption 
phase. ISDN is not absorbed as rapidly as was previously thought,’ and is 
eliminated by an apparent first-order process (at least at this dose level) with 
a half-life which is of similar order to those measured in in vitro perfusion 
studies with  animal^,^ and after bolus intravenous doses to dogs.1° 

The systemic bioavailability of ISDN after oral doses was very low, which 
indicated that presysternic elimination processes account for very large pro- 
portions of the oral doses since the radiolabel after oral doses of14C-ISDN 
is completely absorbed.ll These processes may take place in the gut before 
or during absorption or in the liver after absorption, but at which site cannot 
be distinguished by the type of data generated.12 In this respect it is inter- 
esting that plasma levels after sublingual doses, which route in practice is 
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intended to avoid the first pass effect of the liver, and which decline with 
terminal half-lives similar to those measured after oral doses,’. l3 are an order 
of magnitude lower than those after the infusion doses. This suggests a possible 
involvement of the buccal mucosa and/or blood cells in the presystemic elimi- 
nation of ISDN and/or, of course, that the bulk of the sublingual dose is 
swallowed before absorption. The enzymes (glutathione S-transferases) which 
metabolize organic nitrates are known to be widely distributed in extrahepatic 
tissues such as the intestinal tract (for a review, see Reference 14). The measured 
systemic clearances of ISDN after infusion were much lower than expected 
for a drug of reported high liver extraction ratio15 and contrast with high clear- 
ances after the oral doses administered in this study. Equivalence of the clear- 
ances after oral doses and the intrinsic liver clearances of drug requires that 
the entire dose is absorbed unchanged into the portal circulation. The volumes 
of distribution after infusion were also low, indicating that extensive tissue 
distribution was not a prominent feature of the disposition of ISDN and that 
the drug may be confined mainly to the plasma. 
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