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Experimental Evidence for Concentration-
Dependent Plasma Protein Binding
Effects on the Apparent Half-Lives of
Restrictively Cleared Drugs

Keyphrases O Plasma protein binding—concentration dependent, ef-
fects on the apparent half-lives of restrictively cleared drugs O Phar-
macokinetics—experimental evidence for concentration-dependent
plasma protein binding effects on the apparent half-lives of restrictively
cleared drugs 0 Disopyramide—experimental evidence for concentra-
tion-dependent plasma protein binding effects on the apparent half-lives
of restrictively cleared drugs

To the Editor:

Several early publications have addressed the influence
of concentration-dependent (nonlinear) plasma protein
binding on the pharmacokinetics of drugs which undergo
restrictive clearance (elimination is proportional to free,
unbound drug in serum or plasma) (1-3). Relatively simple
models which excluded the influence of tissue binding were
used to simulate plasma concentrations of free drug (Cy)
and of total (free plus protein bound) drug (C). More re-
cently, these earlier studies were extended (4) to include
models which consider tissue binding and drugs which
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undergo nonrestrictive clearance (elimination is propor-
tional to total drug in plasma). It was reported that log
concentration—time plots of the elimination phase of C;
and C; for drugs which undergo restrictive clearance may
be linear, concave, or convex, depending on the extent to
which drugs are bound to plasma and tissue protein (4).

Experimental data verifying the results of these simu-
lation studies in humans are difficult to obtain because of
the absence of a model drug which demonstrates concen-
tration-dependent plasma protein binding at plasma
concentrations achieved following the administration of
safe, therapeutic doses and the absence of an analytical
method sensitive enough to accurately measure plasma
concentrations for extended time periods following the
administration of safe doses of the drug. This is because
the behavior of the decay of plasma concentration-time
plots may require a wide concentration range to be ex-
pressed fully.
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Figure 1—Free (0,a) and total (®,a) serum concentrations of
["C]disopyramide at various times following the administration of
carbon 14 alone (O,®) and the simultaneous administration of
[YC]disopyramide and the oral dose (A,A). In each case a linear re-
gression line was drawn through the last 5 serum concentration-time
points.
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Table I—Pharmacokinetic Parameters of [14C]Disopyramide

Total (Bound + Free) Free
Dose®, Doses,
Dose AUCoow ti®, Ve, AUCo—a t12®, Vas®,
dpm ml/min hr liters ml/min liters
Tracer alone 2.09 X 107 42.7 5.3 18.0 329 5.3 138
Tracer plus oral dose 1.93 X 107 62.8 79 41.3 308 5.0 121

@ AUC refers to the area under the [4C|disopyramide concentration time curve calculated by trapezoidal rule. ® The parameter ¢,/ refers to half-life and was calculated
by: t1/2 = 0.693/)A,, where A, is the apparent terminal slope of the serum concentration-time plot. ¢ The parameter Vg, refers to volume of distribution at steady state.

Recent studies show that a-1-acid glycoprotein accounts
for most of the plasma protein binding of disopyramide in
humans (5, 6) and that plasma protein binding is concen-
tration-dependent following the administration of thera-
peutic doses to patients (7) and normal subjects (6, 8).
Furthermore, the clearance of disopyramide is restrictive
(6-8), and pharmacodynamic activity is proportional to
Cs (6). The systemic availability of disopyramide has been
compared in a small group of patients and normal subjects
by the administration of a 150-mg oral dose followed by an
intravenous injection of 10 uCi of [!4C]disopyramide
(specific activity = 4.259 mCi/mmole) (9) 1 hr later. At a
later time, one of the normal subjects received a second
tracer dose of [14C]disopyramide alone. Prior to each
dosing plasma was collected, and the binding of disopy-
ramide was characterized as previously described (6).

Figure 1 compares the serum concentrations of [14C]-
disopyramide following the simultaneous administration
of tracer and the oral dose with those following adminis-
tration of just the tracer dose. Values of C; as determined
by liquid chromatography (10) following the simultaneous
administration of tracer and oral disopyramide ranged
between 2.47 (7.26 X 1076 M) and 0.98 (2.89 X 10~6 M)
ug/ml, respectively. The corresponding free fractions (fu)
of the drug in plasma ranged between 0.32 and 0.18, re-
spectively. Values of C;, which were calculated from the
specific activity, ranged between 9.4 X 10~? and 4.0 X 10~7
M following administration of the tracer dose alone. The
fu at these C; values was 0.13 and was concentration in-
dependent. Table I compares the clearances of free
(Div/AUCE*:,) and total (Div/AUCKL.) disopyramide
concentrations, their respective half-lives (ti), and
steady-state volumes of distribution (V). These data
show that the pharmacokinetics of disopyramide calcu-
lated based on total serum concentrations are drug con-
centration dependent, while those based on free disopy-
ramide are concentration independent at the concentra-
tion studied (300-fold range). The data also show that the
tq/o of Cyis prolonged as compared with the ¢/, calculated
from Cy values when the plasma protein binding of diso-
pyramide is drug concentration dependent. These data
indicate further that as C¢ and C; decrease as a conse-
quence of elimination following the simultaneous admin-
istration of the tracer and the oral dose, fu decreases to a
limiting value, at which time the decay in C; and C; are
parallel. Thus, the decay in C; is convex over the drug
concentration range achieved in this study.
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It was reported (4) that in the absence of tissue binding,
the decay in Ci—time data is convex when the ratio of the
binding capacity of the drug-binding protein to its disso-
ciation constant is low (low and high ratios of 9 and 100,
respectively, were reported) or when tissue binding is
moderate to extensive (tissue free fractions of 0.5 and 0.1,
respectively, were reported). The ratio of the binding
constants characterizing the interaction between disopy-
ramide and «-1-acid glycoprotein in the serum of the
subject was ~7.0, and the tissue free fraction was ~0.05
(11). Thus, the convex curvature in the terminal disopy-
ramide C-time plot is consistent with previous findings
(4) and provides at least some experimental support for the
simulation studies described therein. Employment of
tracer dose techniques provides another method (12) of
examining the influence of concentration-dependent
plasma protein binding on the pharmacokinetics of
drugs.
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