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INTRODUCTION 

Isosorbide dinitrate (ISDN), when given orally in clinical doses, produces 
prolonged haemodynamic effects in patients with congestive heart failure and 
improved exercise tolerance in patients with angina pectoris.’. Recently, Fung 
et al.3 showed that after chronic oral dosing of ISDN, plasma ISDN concen- 
trations were significantly elevated beyond the levels that could be accounted 
for by the single dose kinetics of the drug. The mono-denitrated metabolites of 
ISDN, isosorbide-2-mononitrate (2-ISMN) and isosorbide-5-mononitrate (5- 
ISMN), though more slowly eliminated than ISDN, are metabolized by the 
same enzyme-rganic nitrate reductase-responsible for the elimination of 
ISDN. These metabolites accumulate in the plasma during chronic dosing of 
ISDN in humans4 and it is possible that, in high concentrations, they may affect 
the distribution and/or metabolism of ISDN, leading to an apparent change of 
ISDN kinetics as a function of duration of adminstration. 

Previous examples of metabolite inhibition have been shown for the 
parentlmetabolite pairs of diphenylhydantoin/(5-hydroxyphenyl)-5-phenyl- 
hydantoin, ’ sulfisoxazole/N-acetyl-sulfisoxazole,8 diazepam/desmethyl- 
diazepam,’- I’ and phenylbutazone/oxyphenbutazone.” In these studies, 
metabolite inhibition was shown to be present in vitro or in animals; sub- 
stantiation of the same finding in humans is still incomplete, and has been 
reported only for dia~epam/desmethyldiazepam.~ 

The phenomenon of metabolite inhibition might have special implications for 
organic nitrates. These drugs have been shown to produce tolerance in their 
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vascular and haemodynamic effects upon repeated dosing.2 It is not known, at 
present, whether the metabolites produced by organic nitrates are involved in 
the development and/or maintenance of nitrate tolerance. If nitrate metabolites 
are found to alter the disposition of the parent drug in the systemic circulation, 
it is possible that this interaction might also occur at the biophase, creating a 
change in the concentration/response relationship as a function of duration of 
chronic use. Thus, the study of possible interaction between ISDN and its 
metabolites might provide important leads in our understanding of nitrate 
kinetics and pharmacology. The present study was initiated, therefore, to 
examine whether the plasma disposition of ISDN could be affected by its 
metabolites. 

MATERIALS AND METHODS 

Chronic cannulas were implanted in the jugular vein of five male 
Sprague-Dawley rats (240-290 g) obtained from Blue Spruce Farms, Altamont, 
NY. Following an overnight rest, the animals were randomly given by 
intravenous bolus, either ISDN alone (2 mg kg-I), 'control' treatment, or ISDN 
(2mgkg-') simultaneously with 2-ISMN and 5-ISMN (6mg kg- each), 
'interaction' treatment. ISDN was obtained from Stuart Pharmaceuticals, 
Wilmington, DE while the metabolites were obtained from Ayerst Labor- 
atories, Rouses Point, NY. Following the injection, the cannula was thoroughly 
flushed with saline. Blood samples (0.2 ml) were collected at 5, 10, 15,30,45,60, 
90, and 120 min following the doses. The samples were immediately centrifuged, 
and the separated plasma was stored at -20" until assayed by electron 
capture/gas-liquid chromatography. The recovery of ISDN from spiked rat 
plasma from 1.5 to 6900mgml-' is around 80 per cent with the C.V. of about 
10 per cent; no difference on ISDN recovery was found when the concentration 
ratio of ISDN : 2-ISMN : 5-ISMN was changed from 1 : 0 : 0 to 1 : 1 : 16.14 Three 
days after the first experiment, the animals were crossed-over to receive either 
the 'control' or the 'interaction' treatment. 

RESULTS 

Plasma ISDN concentration versus time profiles after intravenous bolus 
administration exhibited biexponential characteristics (Figure 1). The data were 
fitted by NONLIN" to the biexponential equation C = A e-"'+ Be-0' where C 
is the plasma ISDN concentration at time t ,  and A ,  B ,  a, and p are the classical 
pharmacokinetic constants used to describe biexponential decay curves.I6 
Estimates for NONLIN were obtained from CSTRIP." A weighting factor of 
1/C2 provided the best fit of the data. The volume of distribution at steady-state 
(VSJ and the systemic plasma clearance (CI) of ISDN were estimated by the 
method of Benet and Galeazzi," using area under the C-t curves (AUC) 
calculated by the La Grange method." 
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Plasma ISDN concentrations were higher in the interaction group when 
compared with the control group (Figure 1). This increase in concentration 
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Figure I .  Plasma isosorbide dinitrate (ISDN) concentrations after intravenous bolus injections of 
ISDN (0, 2 mg kg-I), and after ISDN (2mg kg-') together with both mononitrate metabolites of 
ISDN (0, 6mg kg-I). The vertical bars represent the S.E.M. of five animals. *,p<O.OS; **, p<O.OI 

could be due to a decrease in either V,, or C1. As shown in Table 1, the change in 
V,, was slight and statistically insignificant, however, there was a moderate (ca. 
25 per cent) and statistically significant (two-tail t-test, p c 0.02) reduction in C1. 
There was a larger (ca. 50 per cent) increase in B, and a moderate (ca. 30 per 
cent) decrease in p, but these changes were not significant, perhaps because of 
the large interanimal variability and the small sample size studied. Since 
AUCo- was estimated from an experimentally derived area, AUC, - 120, and 

Table 1.  Effect of simultaneous administration of metabolites on the pharmacokinetics 
of isosorbide dinitrate in the rat? 

Parameter Control Interaction 

A (ng. ml- ' )  
u (min-I) 
B (ng.ml-I)  
p (min-I) 
V(1. kg- I )  

Cl(1 min- I kg- I )  

AUCo - 
(mg-min . I ') 
AUC, - 120 
(mg-min. I - ' )  

778 (36) 
0.07 (0.01) 

1 1  1 (36) 
0.03 (0.003) 
2.88 (0.42) 
0.12 (0.01) 

17 698 (2046) 

11 867 (1009) 

876 (105) 
0.08 (0.01) 
165 (24) 

2.58 (0.35) 
0.09 (0.01)* 

0.02 (0.002) 

23 132 (1853)* 

15 823 (1 532)* 

*Statistical significance, p<O.O5. 
t Mean (S.E.M.), n = 5. 
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areas obtained by computer estimation, AUC, - and AUC, 20 - m, it is possible 
that the statistical difference observed in this parameter (and thus that of CI) 
was due primarily to data extrapolation. This is shown not to be the case, 
however, since both AUC, - and AUC, - 20 were statistically different 
between the control and interaction groups (Table 1). 

DISCUSSION 

At apparent steady-state after chronic dosing, the ratio of plasma concen- 
tration, expressed as ng . ml - ', of 2-ISMN to ISDN is about 2-5, and that of 5-  
ISMN to ISDN is about ten.4 The ratio of administered metabolite (2-ISMN or 
5-ISMN) to drug, 3 : 1, and the ratio of the 2-ISMN versus the 5-ISMN, 1 : 1 
(both are on a mg. kg-' basis), though arbitrarily chosen, were in the general 
vicinity of the corresponding ratios observed in vivo. Because of the differences 
in the distribution and elimination kinetics of the three compounds, it is difficult 
to arrive at  metabolite to drug ratios which will directly mimic the pattern 
observed after chronic dosing. 

The present experiment did not examine the separate effects of the isomeric 
mononitrates (2-ISMN versus 5-ISMN) on ISDN disposition. Since further 
metabolism of 2-ISMN involves denitration while that of 5-ISMN largely 
involves glucuronidation,20 it is possible that these metabolites might exert 
different, and even opposing effects on ISDN disposition. In an exploratory 
study in which the dose of metabolites coinjected with ISDN was increased two- 
fold (i.e. to 12 mg . kg- '), compared to the present experiment, plasma clearance 
of ISDN was not further decreased. This result indicates that this system of 
metabolic interaction could be quite complex, and further studies are necessary 
to characterize this interaction. 

The present study does show, however, that the metabolites of ISDN could 
affect its disposition in vivo. The reduction in clearance in the presence of 
metabolites is consistent with data observed after chronic administration of 
ISDN in patients with angina pectoris, suggesting, therefore, that metabolite 
inhibition could be a contributing mechanism for the elevation of plasma ISDN 
concentrations observed after chronic dosing. 
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