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Noncompartmental Pharmacokinetics

Noncompartmental Pharmacokinetics (NCA): A Comprehensive
Introduction

Overview

Noncompartmental pharmacokinetics (NCA) is a method of analyzing pharmacokinetic data
that does not rely on assuming specific compartmental models (like one-compartment or two-
compartment models).

Instead of defining the body as a system of connected compartments with first-order transfer
rates, NCA uses mathematical and statistical tools to describe drug disposition based on the
time course of drug concentrations.

The method is model-independent, meaning it doesn’t make prior assumptions about the
number of compartments in the body.

Core Principles of NCA

Area Under the Curve (AUC): The AUC represents the total drug exposure over time. It’s
calculated using the trapezoidal rule.

Clearance (CL): Clearance is the volume of plasma from which the drug is completely
removed per unit time. For IV administration:

. DOSe]V
—AUC

Volume of Distribution at Steady State (Vss):

Vi = CL X MRT

Mean Residence Time (MRT): The average time a drug molecule spends in the body. It’s
derived from the area under the first moment curve (AUMC).

Statistical Moment Theory (SMT)

Introduction to SMT

Statistical Moment Theory is a mathematical framework originally developed in the field of
probability and statistics.

In pharmacokinetics, it has been adapted to describe the distribution and elimination of drugs
by analyzing concentration vs. time data using statistical moments (e.g., mean, variance).

A moment in statistics is a quantitative measure related to the shape of a function’s
distribution.

The first moment refers to the mean, and the second central moment refers to the variance. In
pharmacokinetics, moments are used to describe the drug concentration-time profile.
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Statistical Moment Theory is particularly useful for describing:

> Drug exposure (how much drug is in the body over time)
> Drugresidence time (how long the drug stays in the body)

e [tis mostapplicable to linear pharmacokinetics, where dose and concentration relationships
are proportional.

Key Definitions in SMT

1. Zero-order Moment (AUC)

» The Area Under the Curve (AUC) is the total exposure of the body to the drug.

[ee]

AUC_ o = f C(t)dt
0

> Where:

o C(t)isthe drug concentration in plasma attime t

o Itreflects the total amount of drug exposure over time.

2. First-order Moment (AUMC)

» The Area Under the Moment Curve (AUMC) is the integral of time times the drug
concentration:

o)

AUMC_ 0, =f t-C(t)dt
0

» ltreflects the total time-weighted drug exposure — essentially how long the drug
"resides" in the body, weighted by concentration.

3. Mean Residence Time (MRT)

» MRT is the average time a molecule stays in the body after administration.

_ AUMC
AUC

» MRT gives a more comprehensive understanding of drug behavior than half-life alone,
especially in multi-compartment or non-linear kinetics.

Why Use SMT in Pharmacokinetics?

e Statistical Moment Theory allows us to compute important pharmacokinetic parameters
without assuming any specific compartmental structure.

e |It's particularly useful when data is not sufficient to fit a full compartmental model or when one
wants a more general description of drug kinetics.

The main pharmacokinetic parameters derived from SMT include:

> MRT (Mean Residence Time)

> Clearance (CL)
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> Volume of Distribution (Vss)
These are calculated as follows (for IV administration):

» Clearance:

Dose

L= AUC

> Volume of Distribution at Steady-State (Vss):

Dose - AUMC

Vo. = CL - MRT =
58 AUC?

> These parameters are central to understanding drug disposition using SMT.

Assumptions and Limitations

e The drug follows linear pharmacokinetics
e The sampling duration must be long enough to capture most of the drug elimination
o Extrapolation to infinity is often needed (especially for AUC and AUMC)

A major limitation is that SMT provides average or global properties (like MRT) rather than insights into
specific phases (distribution, elimination) unless further data analysis is conducted.

MRT for Various Compartment Models

Understanding Mean Residence Time (MRT)

e MRT, asintroduced earlier, is the average time a molecule remains in the body following
administration.

It’s derived from AUC and AUMC.

MRT is a global, time-based measurement that summarizes the overall retention of the drug in
the system.

The method of administration (IV vs. oral), and the number of compartments in the model
affect how MRT is calculated and interpreted.

MRT for IV Bolus Administration (Single Compartment)
e Forasingle-compartment model with IV bolus injection:
C(t)=Cy-eFt
e Where:

o Cy=initial concentration
o k=elimination rate constant

e Then:
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AUMC 1

MRT;, = =_
AUC  k

e This matches the mean lifetime of a drug molecule in the system for a one-compartment
model.

MRT for Two-Compartment Model (IV Bolus)

e [natwo-compartment model, a drug distributes between central and peripheral
compartments.
The drug concentration over time is usually:

C(t) = Ae % 4 Be Bt

Where:
o a=distribution rate constant
o PB=elimination rate constant
o A, B=coefficients

AUC and AUMC become more complex integrals, but can be calculated numerically or
analytically. Importantly, the MRT is:

MRTiv = MRTcentral + MRTperipheral

In general:

. 1 . . .
e Buttheresultis greater than Edue to the time spent in peripheral compartments.

e The peripheral distribution causes a delay in elimination, leading to a longer MRT.

MRT for Oral Administration (Extravascular)

e With oral or other extravascular administration, absorption must be considered.
e MRTincludes the time the drug takes to be absorbed plus the time it spends in the body.

e So, for oral administration:

MRT,, = MRT;, + MAT

e Where:

o MAT = Mean Absorption Time (Average time the drug takes to enter systemic circulation
after administration)
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