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

Copyright by Engacy Learning Private Limited. All rights reserved. Reproduction or distribution without written consent is strictly prohibited. 

 

1 

Nonlinear Pharmacokinetics 

Introduction to Nonlinear Pharmacokinetics 

Definition 

• Nonlinear pharmacokinetics refers to a situation where changes in dose do not result in 
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 

• 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 (t½): 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 GI 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: 
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• 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 = 𝑽𝒎𝒂𝒙 

• Or more generally: 

Rate of elimination =
𝑽𝒎𝒂𝒙 ⋅ 𝑪

𝑲𝒎 + 𝑪
 

• Where: 

o 𝑉𝑚𝑎𝑥: maximum rate of metabolism 

o 𝐾𝑚: Michaelis constant (concentration at which the rate is half of 𝑉𝑚𝑎𝑥) 

o 𝐶: drug concentration 

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

Consequences in Clinical Practice 

• 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 

• Several physiological and biochemical mechanisms can lead to nonlinear behavior in 
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: 

o Drugs that have poor aqueous solubility may show reduced absorption at high 
doses. 

o Example: griseofulvin. 



Click here to visit our website

PHARMACY PREMIUM NOTES

FREE PREVIEW

Complete subject
and semesters are
available on
FirstHope app only. Scan or click here

Click here to get the app >

Available on Google Play

JOIN THE FIRSTHOPE COMMUNITY

Join our Telegram channel

Click here to join Telegram >
Scan or click here

@FirstHopeNotes

Instagram
@firsthope.official

Click here to follow >

YouTube channel
FirstHope-Pharmacy / Live streams

Click here to watch >

WhatsApp channel
Follow FirstHope on WhatsApp

Click here to join >

FirstHope website
firsthopenotes.com

Click here to visit >

B.Pharm  /  D.Pharm  /  M.Pharm  /  Pharm.D

Preview notes. Complete subjects and semesters in the FirstHope app.

https://firsthopenotes.com/
https://play.google.com/store/apps/details?id=co.alexis.viki&pcampaignid=web_share
https://play.google.com/store/apps/details?id=co.alexis.viki&pcampaignid=web_share
https://t.me/FirstHopeNotes
https://t.me/FirstHopeNotes
https://www.instagram.com/firsthope.official/
https://www.youtube.com/@FirstHope-Pharmacy/streams
https://www.whatsapp.com/channel/0029VaDR0TCCXC3J4yJ0Q722
https://firsthopenotes.com/

	Unit 05 preview
	FirstHope app and channels

