Organic Nitrates: Unusual Problems in
Pharmacokinetics and Drug Therapy

Ho-Leung Fung

Department of Pharmaceutics, School of Pharmacy, State University
of New York at Buffalo, Buffalo, NY, 14260, USA

)rganic nitrates, such as nitroglycerin (NTG) and isosorbide dinitrate, are important
odilators indicated for a variety of cardiovascular diseases. However, their effect-
ness has been hampered because of rapid elimination and extensive first-pass hepatic
abolism. Transdermal delivery is used currently in an attempt to provide sustained
ion. Until recently, the primary criterion for evaluating the suco&s.qf this delivery
ie was whether sustained plasma drug concentration could be maintained over the
posed dosing period. This criterion assumes that (i) nitrate pharmacokinetics are
c-independent, (ii) plasma drug is in rapid equilibrium with the pharmacologically
ive moiety at the site of action, and (iii) the fe]ationship between plasma concent-
jon and therapeutic effect is not affected by the duration of therapy.

vidence has now appeared which questioned the validity of these assumptions.

rate pharmacokinetics have been found. to depend on in vivo hemodynamic status
[ duration of dosing. Systemic NTG clearance in rats is shown to be related
sardiac output; this plysiological dependence may, in part, be responsible for the
istantial variations in plasma NTG concentration observed during presumed “steady-
te” periods. An arterial-venous concentration gradient for NTG also exists; this
dient diminishes during chronic dosing, probably due to a decrease in systemic NTG

irance in the venous circulation.
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We have also stown that plasma NTG is =T in instantan=ous equilibrium with drug
in large blood vessels. Accumulating evidznce suggests thzt nitrate action may be
mediated by active intermediates (viz: nitroszchicls) formed within the smooth muscle
cells. Thus, other rate-determining steps mayv e jresent besi ¢ the zvailability of drug
in plasma. Indeed, during chronic therapy, piasma nitrate coacentrztion increases but
the vascular effects are attenuated. This apzzrently paradexical relationship can be
attributed to a generalized reduction in in vire metabolism o these drugs upon repeated
dosing. Thus, reduced svstemic metabolism leads to increzsed plasma concentration
while depressed metabolic activation in the vasculature leads zo a diminition in pharm-
acologic effect. Recent results show, however, that incorporzzion of nitrate-free inter-
vals in the regimen may avoid the development of tolerance in man.

In this presentation, these findings will be discussed, alorg with their implications
on possible strategies that may be adopted for eifective :ustained nitrate therapy.
These concepts may also be applicable to other drugs whih exhibit pharmacological

tolerance during chronic dosing.



