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Zero-Order Drug Elimination

• Also called Saturable elimination.
• Occurs with few drugs (aspirin, phenytoin, 

ethanol, ..).
• Elimination rate is NOT proportional to the 

amount of drug in the body, but a constant 
amount is removed per unit time, because of 
saturation of the elimination process.
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Zero-Order Drug Elimination

• Rate of elimination = Vmax. C / Km + C

Where Vmax is the maximal elimination capacity, and 
Km is the drug concentration at which rate of 
elimination is 50% of Vmax.
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Curve C represent first-order kinetics 73
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Flow-Dependent Drug Elimination

• Some drugs are cleared very rapidly by the organ of 
elimination (liver), so that at clinical concentrations 
of the drug, most of the drug perfusing the organ is 
eliminated on first pass of the drug through the 
organ.

• Rate of elimination is determined by the rate of 
hepatic blood flow.

• Drugs that have this property are called “high 
extration ratio” drugs.

• Include morphine, lidocaine, propranolol, 
verapamil, and others. 74
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Half-Life (t½) of Elimination

• It is the time required for the amount 
of drug in the body or the plasma 
concentration of the drug (assuming 
first-order elimination) to drop by 
50%.

• In this case it is constant, and not 
related to dose.

• After ~ 4 half-lives, most of the drug 
will be eliminated from the body.

• It is related to first-order elimination 
rate constant such that: 

k x t½ = 0.693

Half-
lives

% of drug 
removed

1 50

2 75

3 87.5

4 93.75
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Half-Life (t½) of Elimination
• The half-life is related to volume of distribution 

and clearance for drugs that follow first-order 
kinetics by the following equation:

CL = k.Vd
t½ = 0.693 Vd/CL
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Half-Life (t½) of Elimination
• It is related to dose and plasma concentration 

for drugs undergoing zero-order kinetics, and is 
NOT constant.

• The higher the concentration, the longer the 
half-life of elimination and vice versa.

78

Hereit's concentrationdependent

In the firstorder increasingconcentration
won'tincreasethehalflife



We're now able to recognize the4 parameters of

pharmacokinetics

Volume of Distribution of thedrug
Clearance of the drug
first order elimination rate k

half life of thedrug
those parameters are extremely important

to make the

right calculations ending up with the
theraputic dose

f the drug the patient
needs

Mindyou that those parameters are constant
characteristics

t adrug undernormal
conditions

half life of adrugwon'tchangeovernight
unless

you'resuffering from acertaindiseasethatshould

be considered



Steady-State

• Steady-state is a condition achieved  following 
repeated drug administration as occurs in 
clinical practice.

• It occurs when the rate of drug administration
(dosing rate) is equal to the rate of drug 
elimination.

• At steady-state, a constant peak, trough, and 
average drug concentrations are achieved.
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Steady-State

• Steady-state is achieved after approximately 4 
half-lives of repeated drug administration. 50% 
of SS is achieved after one half-life of 
administration.

• Our aim during drug therapy is to attain a 
steady-state drug concentration (Css) within the 
therapeutic range, but NOT subtherapeutic or 
toxic.
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Loading Dose (LD)

• When the half-life is too long, steady-state will 
take a long time to be achieved. 

• Therefore, we may need to give a loading dose 
to achieve drug concentration within the 
therapeutic range sooner (target 
concentration).

LD = VD . Cssdesired
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Maintenance Dose (MD)

• To attain and maintain a desired Css of a drug, 
we need to adjust the dose so that, the rate of 
drug administration is equal to the rate of drug 
elimination.

• Elimination is a function of clearnce.

MD = CL. Cssdesired

Cssdesired is also called the target concentration.
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A function of clearanceof thedrug



Case Scenario

• A volunteer was given a single 400 mg of a 
drug by IV injection. Serial blood samples 
were taken to analyze for drug level and 
construct a plasma concentration-versus-
time curve.
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Results
Drug concentration 
(mg/L) 

Time (hours) 

230.5
181
131.5
102
74
4.76
3.18
1.7511
114 87



The following semi-log plot of  plasma concentration-
versus-time was obtained
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Q1

Which of the following is the approximate
apparent volume of distribution of the 
drug?

A. 5 L
B. 10 L
C. 25 L
D. 50 L
E. 100 L 
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Q2

What is the half-life of elimination of the drug?
A. 1.5 hours
B. 3.5 hours
C. 5.5 hours
D. 7.5 hours
E. 9.5 hours 
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Q3

Which of the following is the first-order 
elimination rate constant of the drug?

A. 0.0385 / hour
B. 0.0770 / hour
C. 0.1155 / hour
D. 0.1540 / hour
E. 0.1925 / hour
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Q4

Which of the following is the clearance of 
this drug?

A. 1 L/hour
B. 2 L/hour
C. 3 L/hour
D. 5 L/hour
E. 10 L/hour
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Q5

What is the maintenance dose every 24 
hours if the steady-state therapeutic 
concentration of the drug is 10 mg/L?

A. 100 mg
B. 500 mg
C. 750 mg
D. 1000 mg
E. 1200 mg 
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Q6

Does this drug require a loading dose?
A. Yes
B. No
C. I do not know

If the answer is yes, calculate the loading dose.
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