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Nonlinear Pharmacokinetics

Introduction to Nonlinear Pharmacokinetics

Definition

Nonlinear pharmacokinetics refers to a situation where changes in dose do not resultin
proportional changes in drug concentration in the plasma or body.

This is also known as dose-dependent pharmacokinetics.

In linear (first-order) pharmacokinetics, doubling the dose leads to a doubling of the plasma
concentration and area under the curve (AUC).

¢ However, in nonlinear pharmacokinetics, such proportionality does not hold.

Key Characteristics of Nonlinear Pharmacokinetics

e Non-proportional Increase in AUC: AUC may increase more than or less than proportionally
with dose.

Time-dependent kinetics: Pharmacokinetics may change over time or with repeated dosing.

Saturation of processes: Nonlinearity is usually due to saturation of enzymes, transporters, or
binding sites involved in drug ADME (Absorption, Distribution, Metabolism, and Excretion).

Variable half-life (t'2): In nonlinear kinetics, the half-life can increase or decrease with
increasing dose, unlike linear kinetics where it is constant.

Processes That May Exhibit Nonlinearity

1. Absorption

» Saturation of transporters or enzyme systems in the Gl tract.
» Example: gabapentin shows saturable absorption.
2. Distribution
» Saturable binding to plasma proteins or tissue receptors.
» Example: salicylates at high doses may saturate albumin binding.
3. Metabolism
» Saturation of liver enzymes (e.g., CYP450s) leading to reduced clearance.

» Example: phenytoin metabolism becomes saturated within therapeutic range.

4. Elimination

» Renal tubular secretion or reabsorption may become saturated.

» Example: high-dose methotrexate shows saturation of renal clearance.

Mathematical Perspective:




“FirstHope Pharmacy” YouTube for Video |Instagram@__firsthope__ | Download Firsthope App

In linear kinetics, drug elimination follows first-order kinetics, where the rate of elimination is
directly proportional to the drug concentration:

Rate of elimination = k - C

In nonlinear kinetics, particularly when enzymatic systems are saturated, elimination follows
zero-order kinetics:

Rate of elimination = 1,4

Or more generally:

Vmax'C
K,+C

Rate of elimination =

Where:
o Vinax: maximum rate of metabolism
o Ky,: Michaelis constant (concentration at which the rate is half of V;,,4,)
o C:drugconcentration

This is known as the Michaelis-Menten equation, which is foundational in understanding
nonlinear pharmacokinetics.

Consequences in Clinical Practice

o Dosing must be individualized carefully, especially in drugs with a narrow therapeutic
window.

Small changes in dose can lead to large increases in plasma levels, raising the risk of toxicity.
Monitoring of plasma levels is often required (e.g., phenytoin).

Standard dose-response relationships cannot be assumed.

Factors Causing Non-linearity in Pharmacokinetics

e Several physiological and biochemical mechanisms can lead to nonlinear behaviorin
pharmacokinetics.

These are categorized based on ADME processes:
A. Nonlinear Absorption

1. Saturable Transport Mechanisms:

o Active transport systems have limited capacity.

o Example: gabapentin absorption decreases at higher doses due to transporter
saturation.

2. Limited Solubility:
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o Drugs that have poor aqueous solubility may show reduced absorption at high
doses.

o Example: griseofulvin.

3. First-Pass Metabolism Saturation:

o If hepatic orintestinal enzymes become saturated, more drug escapes metabolism
and enters systemic circulation.

o Example: propranolol.

B. Nonlinear Distribution

1. Saturable Plasma Protein Binding:

o When all binding sites on proteins like albumin are occupied, free drug
concentration rises sharply.

o Example: valproic acid, salicylates.

2. Saturable Tissue Binding:

o When tissues become saturated, drug remains in the plasma longer.

o Example: thiopental.

C. Nonlinear Metabolism

This is the most common cause of nonlinearity.

1. Enzyme Saturation:

o Hepatic enzymes (e.g., CYP450) metabolize drugs via capacity-limited processes.

o Once saturated, clearance becomes zero-order (fixed amount per time), rather than
first-order.

o Example: phenytoin and ethanol.

2. Auto-induction or Inhibition:

o Some drugs increase or decrease their own metabolism over time.

o Example: carbamazepine induces its own metabolism (autoinduction).
D. Nonlinear Elimination

1. Saturable Renal Tubular Secretion or Reabsorption:

o Athigh plasma concentrations, the renal capacity for active secretion may be
exceeded.

o Example: penicillin G, methotrexate.

2. Biliary Excretion:

o Transporters involved in biliary excretion can become saturated.

o Example: rifampin at high doses.
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Michaelis—Menten Method of Estimating Parameters

Background

e The Michaelis—Menten equation is used to describe the rate of enzymatic processes, especially
saturable metabolism.

In pharmacokinetics, it helps model nonlinear (capacity-limited) drug elimination, where
metabolic enzymes can become saturated.

When enzyme systems involved in drug metabolism or transport reach their capacity,
elimination follows zero-order kinetics, and linear assumptions no longer apply.

Michaelis—Menten Equation in Pharmacokinetics

=Vmax°C
K, +C

v

e Where:

o v: Rate of drug elimination (amount/time)
o  Vnax: Maximum rate of metabolism when enzymes are fully saturated
o C:Plasma drug concentration

o K,,: Drug concentration at which metabolism rate is half of 1/, (reflects enzyme
affinity)

Interpretation of the Parameters

A. When C K Km:

» The equation approximates first-order kinetics:

|4
VA max‘C
K

» - Elimination is concentration-dependent (linear).

B. When C > Km:

» The equation approximates zero-order kinetics:

v= Vmax

» - Elimination is concentration-independent, fixed amount eliminated per unit time.

Graphical Representation

e Plotofvyvs.Cisahyperbola.
o Atlow concentrations: a straight-line increase in elimination rate.

e Athigh concentrations: curve plateaus nearV,,,,, reflecting saturation.
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