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The analysis of pharmacokinetic data using statistical
moment theory, most commonly referred to as noncompart-
mental or model-independent pharmacokinetic analysis, has
been increasingly applied in recent years (1). The only as-
sumptions inherent in this approach are that all dispositional
processes may be described by first-order kinetics, with
elimination occurring from the central compartment. Benet
and Galeazzi (2) presented a method for the calculation of
the volume of distribution at steady state, V, from bolus
intravenous data. Perrier and Mayersohn (3) extended the
approach to include other routes of drug administration. In
both of these communications (2,3), V,, was estimated from
single-dose data. Later, it was shown (4—6) how noncompart-
mental analysis could be extended to the multiple-dosing
situation. However, this work was limited to those cases
where concentration versus time curves could be expressed
as a sum of exponentials. In this communication, the calcu-
lation of noncompartmental pharmacokinetic parameters
during multiple dosing is described for a one-compartment
model in which the first-order absorption and elimination
rate constants are equal.

In the special case of a one-compartment model in
which the absorption and elimination rate constants are
equal, the concentration versus time dependence, C(¢), fol-
lowing single-dose drug administration can be expressed as a
gamma function (7),
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where F is the fraction of the dose (D) that reaches the
systemic circulation, V is the volume of distribution, and k is
the first-order rate constant.

Following single-dose administration, the apparent sys-
temic clearance (CL/F) and mean residence time (MRT) are
given by Eq. (1) and Eq. (2), respectively (2,3). In these
equations AUC,| and AUMC,]g are the
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areas under the concentration versus time curve and first
moment curve from time zero to infinity, respectively. The
apparent steady-state volume of distribution (V_/F) can be
expressed as the product of the apparent systemic clearance
and the mean residence time corrected for the rate of drug
input (2,8):

V/F =
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In the case of multiple-dose drug administration, in which a
fixed dose of drug is given at fixed intervals, the apparent
systemic clearance, mean residence time, and apparent
steady-state volume of distribution can be calculated by
equations analogous to the single-dose situation, provided
appropriate expressions for the areas under the concentra-
tion versus time curve and first moment curve are used in
Egs. (1)-(3) that take into account steady-state conditions.
The steady-state concentration versus time dependence dur-
ing a dosing interval, 7, for a one-compartment model having
equal first-order absorption and elimination rate constants
was recently derived by Wijnand (9) and is given by
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As first shown by Wagner et al. (10), the area under the
concentration versus time curve at steady state for a dosing
interval,

AUC5 = fo Cs()dt

is equal to AUC,| following single-dose drug administra-
tion. Consequently, AUC,,|7 can be substituted for AUC,|g
in Egs. (1)-(3) once steady-state conditions have been
achieved in a multiple-dose regimen. The area under the first
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moment curve at steady state for a dosing interval is as fol-
lows:

. 2FD
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The first term in AUMC_[] is equal to AUMC, |5 following
single-dose drug administration, while the second term is
equal to the product of 7 and the area under the concentra-
tion versus time curve from the last dosing interval to infinity
as shown below:
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As a consequence, Eq. (4) can be rewritten in the following
form:

AUMC,|g = AUMC + 7 - AUC|+ 5)

Substitution of this identity into Egs. (2) and (3) for
AUMC, |5 allows the calculation of the apparent systemic
clearance, mean residence time, and apparent steady-state
volume of distribution under steady-state conditions in a
multiple-dose regimen. Thus, for the special case considered
here, statistical moment theory gives a result identical to that
reported for intravenous drug administration (5,6). As noted
by Smith and Schentag (5), although the numerical value of
AUC|? may be numerically small, it should not be ne-
glected, as the product of AUC, |~ and 7 will often be sig-
nificant relative to AUMC,|5.

In the case of multiple-dose drug administration in
which steady state has not been attained, the apparent sys-
temic clearance, mean residence time, and apparent steady-
state volume of distribution can also be calculated provided
that appropriate expressions for the areas under the concen-
tration versus time curve and first moment curve are used in
Egs. (1)~(3). The concentration versus time dependence dur-
ing the nth dosing interval for a one-compartment model
having equal first-order absorption and elimination rate con-
stants was recently derived by Wijnand (9) and is given by
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The area under the concentration versus time curve for the
nth dosing interval, AUC,|3, is given by the relationship

AUC,} = jo’c,,(t)dt
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= AUGC,|g - {1 — (1 + nkx) - e~ "7}

This expression can be rewritten in a form that can be sub-
stituted into Eqs. (1)-(3):
AUC,g = AUC,j§ /{1 = (1 + nkr) - e™"7} ©

The area under the first moment curve for the nth dosing
interval, AUMC, |7, can be expressed in the form

AUMC,[; = jo 1C(t)dt
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This expression can be rewritten in the form

AUMC,[; = {AUMC,,]{, + 7+ AUC,[*
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where AUC,|Z is equal to
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In the case that n is an intermediate dose and not the last
dose of drug, the following equivalent expression can be
substituted for AUC,|~ in Eq. (7):
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Substitution of Egs. (6) and (7) into Egs. (1)-(3) allows the
calculation of the apparent systemic clearance, mean resi-
dence time, and apparent steady-state volume of distribu-
tion.

In conclusion, for the special case of a one-compart-
ment model having equal absorption and elimination rate
constants, the systemic clearance, mean residence time, and
apparent steady-state volume of distribution can be calcu-
lated for the first dose and any subsequent dose in a multiple-
dose regimen in which a fixed dose of drug is administered at
fixed intervals. However, caution must be exercised when
using this method, as it is subject to computational errors as
previously noted (4,5).
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