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PK/PD

Pharmacokinetics (PK):  
The dynamics of drug absorption, distribution, 

metabolism, and elimination (ADME) in the body

Pharmacodynamics (PD): 
The mechanisms of drug action and the 

relationship between drug concentration and effect 
=> Drug’s pharmacological effect on the body



Pharmacokinetics/Pharmakodynamics



Pharmacokinetics
 Pharmacokinetics: 

A mathematical basis to access the time course of drugs and 
their effects in the body. The dynamics of drug (Liberation) 
absorption, distribution, metabolism, and elimination (ADME). 

(L) ADME :
(Liberation)
Absorption
Distribution
Metabolism
Elimination

=> (L)ADME  determine the drug concentration in the body 
=> influence the design of drug delivery system 

such as controlled release device



 Factors impact on drug’s pharmacokinetics
1. Physico-chemical properties of drug
2. dosage formulation
3. route of administration
4. rates of distribution
5. patient’s specific anatomy/physiology
6. Biotransformation/metabolism of the drug
7. Excretion



1. Absorption
: movement of a drug from site of administration into 
the bloodstream

 Factors affect absorption
1. Route of administration: Oral, IV, IM, SC,Topical
2. Dosage form: Tablet, Capsule, or Solution etc
3. Biologic factor: cell membrane structure and function, 

local blood flow, gastric empting time, 
drug –protein binding

4. Physico-chemical factors: hydrophilicity/hydrophobicity,
pKa



Factors affect absorption
1. Administration route

 Enteral administration
A. Oral: the most common route
Passage of drug from the gut 
into the blood are influenced by
1) biological factors
2) physico-chemical factors
3) Dosage forms  



B. Sublingual (Buccal) : 
- beneath the tongue or retained in the cheek pouch
- ideal for lipid soluble drug 

(Ex. Nitroglycerin for Angina),
-avoid first-pass liver metabolism

C. Rectal: 
-administration of suppositories
- frequently used in small children
- avoid first-pass liver metabolism



* First-pass liver metabolism: 
Oral administration: drug is absorbed by the digestive system and is carried 
through the portal vein into the liver. The liver metabolizes many drugs by 
oxidation and conjugation reaction. This first pass through the liver greatly 
reduces the bioavailability of the drug. 
Alternative routes of administration: avoid the first-pass effect because they 
allow drugs to be absorbed directly into the systemic circulation.
(Ex. rectal, intravenous, intramuscular, inhalational aerosol and sublingual)





Factors affect absorption
 Parenteral Routes
A. Intravenous injection: when a rapid clinical response is necessary, 

ex) an acute asthmatic episode.
B. Intra-arterial injection: Used in certain special situations

ex) anticancer drugs : deliver a high concentration of drug
to a tartget tissue/organ

C. Intrathecal injection: The blood-brain barrier limits the entry of many 
drugs into cerebrospinal fluid. Under some circumstances, drugs are given 
via lumbar puncture and injection into the subarachnoid space.

D. Intramuscular injection: arm, thigh or buttocks.

E. Subcutaneous injection: Some drugs are routinely administered SC.
ex) Insulin



 Topical application 
: for desired local effects

a.Opthalmic : eye drops
b.Intravaginal: For infections or contraceptives.
c.Intranasal: nasal drops or inhaler.
d. Skin: Topical drug administration for skin disorders 

minimizes systemic exposure. 
e. Drug patches (drug enters systemic circulation by zero 

order kinetics – a constant amount of drug enters the 
circulation per unit time).



Route of drug administration affect 
drug concentration in blood



Absorption of drugs could vary 
within different administration routes
 500 mg dose 

given
intramuscularly
orally

**to the same subject on
separate occasions

 Biological 
barriers greatly 
affect the extent 
of drug 
absorption



2. Dosage forms
* Solution : Drug is completely dissolved in solvent (water)
* Emulsion : mixture of two or more liquids that are immiscible,

one liquid is dispersed in the other liquid
* Suspension: Solid particle is dispersed in the liquid
* Capsule: 
* Tablet: solid form 
* Coated tablet 
 Order of drug absorption : 
Solution> emulsion=suspension >
capsule> tablet > coated tablet



Factors affect absorption
3. Biologic Factors

a. Cell membrane structure and function
: The cell membrane is a semipermeable phospholipid bilayer 

containing  numerous aqueous channels, as well as a variety of 
specialized carrier molecules.

Fluid Mosaic Membrane Model



Transport mechanisms
1. Passive transport : molecules pass through the plama membrane

without the use of energy
A. Simple diffusion: small molecules pass through plasma 

membrane in response to different concentration
-small hydrophilic molecules: through small channels (pore)
-small lipophilic molecules: through lipid plasma membrane

B. Carrier mediated Facilitated diffusion: 
molecules require carrier protein, but does not require energy

Ex) methotrexate: transport by folic acid receptor 

2. Active transport: Require energy to move molecules 
A. Receptor mediated endocytosis: ligand-receptor binding
B. Exocytosis: cells release molecules

Folic acid Methotrexate





Biologic Factors
b. Local blood flow:  a strong determinant of the rate of absorption 
because it continuously maintains the concentration gradient 
necessary for passive diffusion to occur. 

c. Gastric emptying times : contribute significantly to intersubject
variability in drug absorption.

d. Protein binding: Many drugs will bind 
strongly to proteins in the blood or to food 
substances in the gut. 
Binding to plasma proteins will increase 
the rate of passive absorption by maintaining
the concentration gradient of free drug.

Protein + drug ⇌ Protein-drug 
complex



Factors affect absorption

4. Physico-chemical factors of drug: pH Partition

Henderson-Hasselbach Equation (H-H equation)
pH = pKa + log  Base [A- ; B]   

Acid [HA; BH+]
weak acids : HA ↔H+ + A-

Acid is a proton donor
weak bases : B + H+↔ BH+

Base is a proton acceptor
 H-H equation is used to calculate the percent ionization of a drug 

in cellular compartments of different pH.
=>Understanding how changes in pH alter the ionization of drugs

is very important since unionized drugs cross membranes.



Factors affect absorption

 Effect of pH on transfer of drugs across membranes
For example, 
Influence of pH on the absorption of a  weak acid drug 
(pKa = 4.4) from GI mucosa

gastric juice :pH = 1.4
Intestine : pH = 7.4

In Gastric juice: 1.4= 4.4+log ( [A- ]/ [HA])
-3= log ( [A- ]/ [HA]), [A- ]=1, [HA]=1000

In intestine: 7.4= 4.4+log ( [A- ]/ [HA])
3= log ( [A- ]/ [HA]), [A- ]=1000, [HA]=1

⇒ Weak acid drug can be absorbed in stomach
⇒ Weak base drug can be absorbed in intestine.



Determination of Efficacy of the Delivery Route
 Bioavailability
: a measurement of the rate and extent to which a drug reaches the
systemic circulation
⇒ Bioavailability is considered when calculating dosages

for non-intravenous route of administration

Absolute bioavailability (F) compares the bioavailability of the active
drug in systemic circulation following non-intravenous administration
(i.e., after oral, rectal, transdermal, subcutaneous, or sublingual
administration), with the bioavailability of the same drug following
intravenous administration.

Therefore, a drug given by the intravenous route will have an absolute 
bioavailability of 100% (f=1), whereas drugs given by other routes usually 
have an absolute bioavailability of less than one.

AUC: Area Under the Curve
D: dose of drug



Absolute bioavailability is a ratio of areas under the curves (AUC). 
IV=intravenous, PO=oral route

http://en.wikipedia.org/wiki/File:AUC_IVPO.svg
http://en.wikipedia.org/wiki/File:AUC_IVPO.svg


Factors Influencing Bioavailabilty

 Delivery route
 Absorpton
 First -pass liver metabolism
 Individual variation (Ex. Patients or animals)
 Physiological state such as disease or anesthesia 

of the animal/human





2. Distribution
 The process by which drug diffuses or drug is 

transferred  from blood to body tissues or organs

 Typically, distribution is much more rapid than 
elimination 

 Distribution is accomplished via the circulation
 Distribution is influenced by local blood flow.



Transport mechanisms
1. Passive transport : molecules pass through the plama
membrane without the use of energy
 Simple diffusion: small molecules pass through 

plasma membrane in response to different concentration
-small hydrophilic molecules: through channel (pore)
-small lipophilic molecules: through lipid plasma membrane

 Facilitated diffusion: molecules require carrier protein
Ex) methotrexate: anticancer drug

transport by folic acid receptor 

2. Active transport: require energy to move molecules
 Receptor mediated endocytosis: ligand-receptor binding
 Exocytosis: cells release molecules



Compartments
1. Central compartment: comprises well-perfused organs and tissues
(heart, blood, liver, lung, and kidney) with which drug equilibrates rapidly.

2. Peripheral compartment: comprises less well-perfused tissues (adipose and
skeletal muscle) with which drug equilibrates more slowly. Redistribution from one 
compartment to another often alters the duration of effect at the target tissue.
Ex) Thiopental: Anesthetics, a highly lipid-soluble drug

Induces anesthesia within seconds because of rapid equilibration
between blood and brain. However, the duration of anesthesia is 
short because of drug redistribution into adipose tissue, which can
act as a storage site, or drug reservoir.

3. Special Compartments:
Several special compartments includes cerebrospinal fluid (CSF) and central 
nervous system (CNS), pericardial fluid, bronchial secretions and fluid in the 
middle ear. The blood-brain barrier limits the entry of antibiotics, anticancer drugs 
and other agents used to treat CNS diseases.



 Protein binding
• Many drugs bind to plasma proteins especially ablumin
• Some drugs even bind to red cell surface proteins.
• Protein binding effect on drug distribution because only 

free drug can penetrate cell membranes. 
• Unbound drug undergoes metabolism in the liver 

or other tissue
• Protein bound drug cannot 

be excreted in kidney
• Drug binding to plasma proteins 

is generally weak 
and rapidly reversible.



3. Metabolism
 The chemical conversion or transformation of drugs into 

more polar compounds which are easy to eliminate
 Most products of drug metabolism are less active than the 

parent compound. 
 In some cases, however, metabolites may be responsible for 

toxic, mutagenic, or carcinogenic effects. 
Ex) overdoses of acetaminophen =>  hepatotoxicity

because a metabolite reacts with liver proteins. 
 Metabolism of prodrugs: metabolites are actually the active 

therapeutic compounds
Ex) cyclophosphamide, an inactive compound => 

metabolized by the liver into a highly active anticancer drug.



 Sites of drug metabolism
A. At the organ level
 Liver: the primary organ of drug metabolism. 
 Gastrointestinal tract : the most important extra-hepatic site. 

Some orally administered drugs (e.g., isoproterenol) are 
conjugated extensively in the intestinal epithelium, resulting in 
decreased bioavailability. 

 The lung, kidney, intestine, skin and
placenta : carry out drug metabolizing 

reactions. 



4. Excretion
 The elimination of unchanged drug or metabolite from body 

via renal, biliary or pulmonary processes
 Kidney : the most important organ for the excretion of drugs 

and/or their metabolites.
 Some drug compounds are also excreted via bile, sweat, 

saliva, exhaled air, or milk
 Drug excretion may involve one or more of the following 

processes.
A. Renal Glomerular Filtration
B. Renal Tubular Secretion
C. Renal Tubular Reabsorption
D. Biliary Excretion



A. Renal Glomerular Filtration
 Glomeruli : permit the passage of most drug molecules, but restrict

passage of protein-bound drugs. 
=> Changes in glomerular filtration rate affect the rate of elimination

of drugs which are primarily eliminated by filtration 
(e.g., digoxin, kanamycin).

B. Renal Tubular Secretion
 Kidney : actively transport some drugs (e.g., dicloxacillin) 

against a concentration gradient
Probenecid : competitively inhibits tubular secretion of penicillin        

=> used to prolong the duration of effect of the penicillins. 



C. Renal Tubular Reabsorption
 Many drugs : passively reabsorbed in the distal renal tubules
 Reabsorption : influenced by the same physicochemical factors 

that influence gastrointestinal absorption
-nonionized, lipophilic drugs : extensively reabsorbed into plasma, 
- ionized and polar molecules: remain in the renal filtrate and be

excreted via urine. 
 Urine pH varies from 4.5 to 8.0 : influenced by diet, exercise, or disease
 In drug overdose cases, 
=> Increase drug excretion by altering the pH of the urine

weak acid drugs: 
Urine alkalization => favors ionized form => promote Excretion

weak base drugs: 
Urine acidification => favors ionized form => promote Excretion



D. Biliary Excretion
 Comparatively little is known about hepatic drug elimination. 
 Many drugs and metabolites are passed into the small intestine via bile 

and undergo entero-hepatic circulation. 

 Entero-hepatic circulation:
:the circulation of biliary acids,
bilirubin, drugs, or other substances 
from the liver to the bile, followed by 
entry into the small intestine, absorption
by the enterocyte and transport back to 
the liver.

http://en.wikipedia.org/wiki/Liver
http://en.wikipedia.org/wiki/Bile
http://en.wikipedia.org/wiki/Small_intestine


Pharmacokinetic models 

 Hypothetical structures that are used to describe the 
fate of a drug in a body following drug administration

 Compartment Model
:Categorized by the number of compartments 
needed to describe the drug’s behavior in the body

- One compartment model
- Two compartment model
- Multi compartment model



Compartment Model

Central compartment: comprises tissues 
that are highly perfused tissue such as 
heart, liver, lungs, kidney, and blood.

Peripheral compartment:comprises less 
well-perfused tissues such as fat tissue, 
muscle tissue, and cerebrospinal fluid.



Drug distribution in one- and two- compartment models



 One-compartment Model
: Following drug administration, drug distributes throughout 
the body instantly
=>The body is depicted as a kinetically homogeneous unit 



 Drug concentration – time profile: 
Monophasic response



Two-compartment Model
: The body is depicted as a central compartment and a peripheral compartment

Following drug administration, the drug distributes between central compartment 
and peripheral compartment .  => However, drug does not achieve instantaneous 

distribution between two compartments



 Drug concentration – time profile: 
biphasic response

i. Rapid initial phase: 
drug concentration will rapidly
decrease from the central compartment

ii. Drug concentration rise to a maximum
in the peripheral compartment and 
then decline

i
ii



 Multicompartment Model
: Drug distributes into more than two compartments 

 Drug concentration – time profile: 
more than one exponential

Ex. Gentamicin : three compartment model
following a singel IV dose



Pharmacokinetic parameter

1. Cmax
2. Tmax
3. AUC (Area Under the Curve)
4. Bioavailability
5. Elimination rate constant (k)
6. Volume of distribution (Vd)
7. Half-life (t1/2)
8. Clearance (CL)



1. Cmax: The highest drug concentration 
2. Tmax: The time at which Cmax is reached
3.  AUC (Area under the curve): 

The total amount of drug absorbed in plasma



Determination of Efficacy of the Delivery Route

4. Bioavailability
: a measurement of the rate and extent to which a drug
reaches the systemic circulation

Absolute bioavailability (F) compares the bioavailability of the active
drug in systemic circulation following non-intravenous administration
(i.e., after oral, rectal, transdermal, subcutaneous, or sublingual
administration), with the bioavailability of the same drug following
intravenous administration.

Therefore, a drug given by the intravenous route will have an absolute 
bioavailability of 100% (f=1), whereas drugs given by other routes usually 
have an absolute bioavailability of less than one.

AUC: Area Under the Curve
D: dose of drug



Absolute bioavailability is a ratio of areas under the curves (AUC). 
IV=intravenous, PO=oral route

http://en.wikipedia.org/wiki/File:AUC_IVPO.svg
http://en.wikipedia.org/wiki/File:AUC_IVPO.svg


Pharmacokinetic parameter
5. Elimination rate constant (k)
 In One compartment system

 A single IV bolus injection of drug X
: As time proceeds, the amount of drug in the body is eliminated. 
The rate of elimination can be described as: 

dX/dt = -kX

Hence,

X=X0 exp(-kt)

lnX=lnX0-kt 
k: elimination rate constant



The rate of reaction
 Zero-order reaction
: Rate of elimination of drug A from body is constant 
and independent of the concentration of the drug

dA/dt= -k
k: zero-order reaction constant

 First-order reaction
: Rate of drug A from body is dependent on the   
concentration of drug A

dA/dt=-k [A]  => A=A0 exp(-kt) =>   lnA=lnA0-kt 
[A]: concentration of drug at given time

k: first-order rate constant



Pharmacokinetic parameter
6. Volume of distribution (Vd)
 Distribution of a drug between plasma and the rest of the body 

=> how a drug will distribute throughout the body depending on
several physicochemical properties, e.g. solubility, charge, size, etc.

 It is not a real volume, but the apparent volume in which a drug is distributed
 The concentration of the drug in plasma (Cp) is not the same in the liver, 

kidney, or other tissues. 
 However, changes in the drug concentration in plasma are proportional 

to changes in the amount of drug in the tissues.

Cp (plasma)        Cp (tissues)

Then, Cp (plasma) = X (tissues) / Vd (X: amount of drug in tissue)

Thus, Vd = X/ Cp



Since, X=X0 exp(-kt)
Vd can be used to convert drug amount X to concentration

then,   XVd
= X0 exp(−kt)

Vd

Thus, Cp = Cp
0 exp(−kt)

ln Cp = ln Cp
0 −kt

k: elimination rate constant

Vd= X/ Cp
=> Vd= D/ Cp

0 

D:  Dose (the amount of drug administered

 If drug has larger Vd than total plasma volume 
=> drug is highly distributed in tissues

 If drug has similar to the plasma volume
=> drug is poorly distributed and is mainly in the plasma

Slop: -k
ln Cp

0



Pharmacokinetic parameter
7. Half-life (t1/2)
: The time required to reduce the plasma concentration

to one half of its initial value
ln Cp = ln Cp

0 −kt
Let Cp

0 decay to Cp
0 /2 and solve for t= t1/2

ln Cp
0 /2  = ln Cp

0 −kt1/2
kt1/2 = ln Cp

0  - ln Cp
0 /2 = ln 2

t1/2 = ln 2/ k
t1/2 =  0.693/k

=> The half-life is very useful for estimating how long 
drug will take to be reduced by half of the original amount.



Pharmacokinetic parameter

8. Clearance (CL)
: the volume of plasma/blood cleared of the drug per unit time 

by the process of renal excretion or metabolism 

CL= k X Vd
: Clearance is the elimination constant from 

the volume of distribution 

Clearance is related to half-life by 

CL= 0.693 X Vd
t1/2



Example of PK application
 A patient  has a potentially toxic drug level of 4.5 ug/L. 
If the half-life of drug in this patient is 60 hr, assuming that renal 
function is stable and absorption is complete. How long the drug 
should be stopped to allow the level to fall to 1.5 ug/L?

(a) Calculate elimination rate constant (k)
t1/2 =  0.693/k

(b) Calculate time for decay from Cp1 to Cp2
ln Cp2 = ln Cp1 −kt
kt = ln Cp1 - ln Cp2
t = (ln Cp1 - ln Cp2 )/k



Pharmacodynamics
 Pharmacodynamics : 

Mechanisms of drug action and the relationship
between drug concentration and effect 
(Dose–response relationships)

 The effect of drug present at the site of action is   
determined by that drug’s binding with a receptor
=> The concentration at the site of receptor

determines the intensity of drug’s effect



 Receptors 
- responsible for selectivity of a drug’s action.
- determine the quantitative relationship between 

the amount (dose or concentration) of drug and 
the biological effect.



Ligand-receptor interaction
=> Cellular response 



Ligand –receptor interaction
 Different cells respond differently to the same  extracellular molecule   



Ligand –receptor interaction

Ex) Glucagon-G-protein coupled receptor
=> i)Activate glycogen phospholylase:

degradation of glycogen to glucose
ii)Inhibit glycogen synthetase

=> Increase blood glucose level



 Model of drug –receptor interaction:
L + R ↔ L ∙ R    (L: Ligand, R: Receptor)

 Equilibrium dissociation constant (Kd)

:   Kd= [L] [R]
[L ∙ R]

( [] denote concentration) ==> [R]=

 The fraction of bound receptor: known as occupancy

Fraction Bound= [L ∙ R]
R + [L ∙ R]

= =  1
1+Kd/[L]

=> 50% of the receptors are bound when [L]=Kd.

[L]
L ∙ R Kd



Semi-log plots of two agonists with different Kd. 
The blue curve represents the ligand with greater potency.
=> The curve toward the left represents a higher potency.



Relationship of drug concentration and the 
pharmacologic effect

The logarithm of concentration is plotted versus effect
(as a percentage of maximal effect).

• Emax : maximum effect 
The Plasma drug concentration at
which greater effect is achieved

• EC50: The Plasma drug concentration at 
which 50% of effect is achieved
-used for comparing Drug potency

Ex)  Drug A  EC50 : 30ug/ml
Drug B  EC50 : 50 ug/ml

=> Drug A is more potent than Drug B



 Tolerence
: The effectiveness of drug can decrease with continued use.

Ex) Dose of opiate increases over time

Demonstration of tolerance to drug effect with repeated dosing.



Relationship of pharmacokinetics and pharmacodynamics and factors that
affect each.



Pharmacokinetics/Pharmacodynamics

Pharmacokinetics Pharmacodynamics

Design 
of dosage regimen

•Where?
•How much?
•How often?
•How long?

Plasma
Concentration

Effects

Plasma refers to the clear 
supernatant fluid that  
results from blood after 
the cellular components 
have been removed



Clinical Pharmacokinetics



Plasma Concentration
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