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Drug Oral 
Availability 

(F, %)

Urinary 
Excretion 
(%)

Bound in 
Plasma 

(%)

Clearance 
(L/h/

70kg)

Volume of 
Distribution 
(L/70 kg)

Half Life (h)

Acet-
aminophen

88 3 0 21 67 2

Acyclovir 23 75 15 19.8 48 2.4

Amikacin 98 4 5.46 19 2.3

Amoxicillin 93 86 18 10.8 15 1.7

Amphotericin 4 90 1.92 53 18

Ampicillin 62 82 18 16.2 20 1.3

Aspirin 68 1 49 39 11 0.25



Body Compartments



Volume of Distribution

Amount of drug in body
Vd =

C

C = Cb, Cp, Cu



Compartment Volume Examples of Drugs

Water Total body 
water

(0.6 L/kg)

Small water soluble 
molecules: e.g. ethanol

Extracellular 
water

(0.2 L/kg)

Larger water-soluble 
molecules: e.g. 
gentamycin

Blood 0.08 
L/kg)

Plasma (0.04 
L/kg)

Strongly plasma protein-
bound molecules and 
very large molecules: 
e.g. heparin

Fat Fat (0.2-0.35 
L/kg)

Highly lipid-soluble 
molecules: e.g. DDT

Bone Bone (0.07 
L/kg)

Certain ions: e.g. lead, 
fluoride



Clearance

CL = CLb, CLp, CLu

Rate of elimination
CL =

C



Clearance
Rate of eliminationkidney

CL =
C

Rate of eliminationliver

CL =
C

Rate of eliminationother

CL =
C

CLsystemic = CLrenal + CLliver + CLother



Rate of Elimination

Rate of elimination = CL x C

First order elimination 
Zero order elimination

AUC (Area Under Curve)



Rate of Elimination

Capacity limited elimination

Flow-dependent elimination 
(see later)

Vmax x C
Rate of elimination =

Km + C



Half Life

0,7 x Vd

t½ =
CL



Accumulation & Elimination



Drug Accumulation

Accumulation factor =

1
=

Fraction lost in one dosing interval

1

=

1 – Fraction remaining 



Bioavailability

CLliver

ER =
Q

F = f x (1 – ER)



Route Bioavailability Characteristics
Intravenous

(i.v.)
100%

(by definition)
Most rapid onset

Intramuscular 
(i.m.)

75 to 100% Large volumes often 
feasible; may be 
painful

Subcutaneous
(s.c.)

75 to 100% Smaller volumes than 
IM; may be painful

Oral
(p.o.)

5 to 100% Most convenient; first-
pass effect can be 
significant

Rectal
(p.r.)

30 to 100% Less first-pass effect 
than oral

Inhalation 5 to 100% Often rapid onset
Transdermal 80 to 100% Usually very slow 

absorption, used for lack 
of first-pass effect; 
prolonged duration of 
action



Extraction Ratio & 
First-Pass Effect

(AUC)



The Time Course of Drug Effect

Plasma concentration of theophylline. 10 mg/L is the 
desired concentration to releive asthma attackt, that 
requires p.o. 672 mg/day, p.o. 224 mg/8 h, or i.v. 28 

mg/h.

10 mg/L

20 mg/L



The Target Concentration

10 mg p.o. enalapril – ACE inhibitor



DRUG 
BIOTRANSFORMATION



(Biotransformation) Where
Every tissue has some ability to 

metabolize drugs. The liver is the 
principal organ of drug metabolism. 
Other tissues of considerable drug 
metabolism are: the gastrointestinal 
tract, the lungs, the skins and the 
kidneys.

Following oral administration, 
many drugs are adsorbed intact from 
the small intestine, and transported 
first via  the portal system to the liver, 
where they undergo extensive 
metabolism. This process has been 
called a first pass effect.



Microsomal Mixed Function 
Oxidase System & Phase I.



Reaction Class Reaction

Oxidation,

Cytochrome 
P450-
(CYP450)-
dependent 
oxidations

Aromatic oxidation

Aliphatic oxidation

Epoxidation

Oxidative dealkylation, N-dealkylation

Oxidative dealkylation, O-dealkylation

Oxidative dealkylation, S-dealkylation

N-Oxidation, Primary amines

N-Oxidation, Secondary amines

N-Oxidation, Tertiary amines

S-Oxidation

Deamination

Desulfuration

Dechlorination



CYP450 3A4

Excretion through 
kidney

monoethylglycinexylidide (MEGX) 

glycinexylidide (GX) 

lidocaine



Reaction Class Reaction

CYP independent 
oxidations

Flavin monooxygenase

Amine oxidases

Dehydrogenations

Reductions Azo reductions

Nitro reductions

Carbonyl reductions

Hydrolyses Esters

Amides



Phase II Reactions

Type of 
conjugation

Type of substrates Endogenous 
reactant

Enzyme (location)

Glucuronid-
ation

Phenols; alcohols; 
carboxylic acids

UDP-
glucuronic 

acid

UDP-glucuronosyl 
transferase 

(microsomes)

Sulphate-
conjugation

Alcohols, phenols, 
aromatic amines

Phospho-
adenosyl 
phospho-
sulphate 
(PAPS)

Sulphotranspherase
(cytosol)

Methylation Alcohols, phenols,  
amines

S-Adenosyl-
methionine 

(SAM)
Transmethylase

(cytosol)

Acetylation Amines Acetyl-CoA
Acetyltranspherase

(cytosol)

Glycine 
conjugation Carboxylic acids Glycine

Acyl-CoA-
glycinetraspherase 

(mitochondria)

Glutathione
conjugation

Epoxides; nitro 
groups

Glutathione GSH-transpherase
(microsomes, 

cytosol)



Enterohepatic cycling

Liver Intestine

Glucuronidase

Biliary elimination of D.-

glucuronide

Unchanged (original) drug

D. D-Glucuronide

D..



Metabolism of Acetaminophen 
to Toxic Products



Age  Affecting Drug Metabolism



Thanks for 
your 

attention


