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Session objectives

 Upon completion of this session, you will have the 

ability to: 

 Define pharmacokinetics

 Describe applications of  Pharmacokinetic

 Describe pharmacokinetic and Pharmacodynamic

relationships

 Review ADME

 Describe pharmacokinetic models
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Pharmacokinetics

Pharmaco-comes from the Greek word for “drug,” 

pharmackon, and kinetics comes from the Greek 

word for “moving” kinetikos

Pharmacokinetics (PK) is the study of drug 

movement into, around, and out of the body

The study of kinetics (time course) of drug’s 

ADME (Absorption, Distribution, Metabolism, and 

Elimination)
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Pharmacokinetics

It also concerns the relationship of these processes to 

pharmacologic effects (therapeutic or toxic) of drug 

in man and animals

 “What the body does to the drug”
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Cont…
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Cont…
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Pharmacokinetic Studies

There are two approaches of pharmacokinetic studies;

Experimental approach

Theoretical approach

Experimental aspect

Involves development of biological sampling techniques

Procedures that facilitate data collection and manipulation

Analytical methods for measurement of drug and

metabolites concentration in biological samples
7



Cont…

 Theoretical aspect

Involves development of pharmacokinetic models to 

predict drug disposition after its administration

The application of statistics is an integral part of 

pharmacokinetic studies

8



Cont…

 Clinical pharmacokinetics

Is the discipline that applies pharmacokinetic 

principles in humans in order to design 

individualized dosage regimens 

 Optimize the therapeutic response of a medication 

 Minimizing the chance of an adverse drug reaction
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Applications of pharmacokinetic studies 

Bioavailability measurements

Effects of physiological and pathological conditions 
on drug disposition and absorption

Dosage adjustment of drugs in disease states, if and 
when necessary

Correlation of pharmacological responses with 
administered doses

Clinical prediction: using pharmacokinetic 
parameters 
to individualize the drug dosing regimen and thus 

provide the most effective drug therapy
10



Pharmacodynamics

Is the study concerned with the relationship between 

drug concentration at the site of action and 

pharmacological response (therapeutic and/or toxic 

effect)

 “Drug effect on the body”

The change in drug effect is usually not proportional to 

the change in drug dose or concentration
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Cont…
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Relationship b/n the administered dose 

and amount of drug in the body

Only that fraction of the administered dose which 

actually reaches the systemic circulation will be 

available to elicit a pharmacological effect

For an intravenous solution

the amount of drug that reaches general 

circulation is the dose administered
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Cont…

Where;

oAUC is the area under curve of plasma drug 

concentration versus time (AUC) from time 

zero to time infinity; 

oK is the first-order elimination rate constant

oV (or Vd) is the drug’s volume of distribution
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Volume of distribution 

 may be thought of as the apparent volume into 

which a given mass of drug would need to be 

diluted in order to give the observed 

concentration

For the extravascular route, 

 the amount of drug that reaches general 

circulation is the product of the bioavailable 

fraction (F) and the dose administered
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Equation suggest that we must know or determine 

all the parameters (i.e. AUC, K, V, F) for a given 

drug; 
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Cont…

 Onset of action: 

The time at which the administered drug reaches 

the therapeutic range and begins to produce the 

effect

 Termination of action: 

The time at which the drug concentration in the 

plasma falls below the minimum effective 

concentration (MEC)
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 Duration of action: 

The time span from the beginning of the onset of 

action up to the termination of action

 Therapeutic range: 

The plasma or serum concentration (e.g. μg/mL) 

range within which the drug is likely to produce the 

therapeutic activity or effect
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Cont…
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Fig. Typical plasma concentration versus time profile following 

administration of a drug by an extravascular route (MTC: min. 

toxic concentration; MEC: min. effective concentration)



Routes of drug administration

Routes of drug administration are classified into 

two categories:

 intravascular routes

 extravascular routes

 Intravascular routes

Intravascular administration can be intravenous or 

intra-arterial
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Important features of the intravenous route of drug 

administration

There is no absorption phase

There is immediate onset of action

The entire administered dose is available to produce 

pharmacological effects

Used more often in life-threatening situations

Adverse reactions are difficult to reverse or control
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Fig. Typical plasma concentration versus time profile 

following administration of a drug by an 

intravascular route
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 Extravascular routes of drug administration

Includes all routes of administration other than iv 

route 

 Important features of extravascular routes of drug 

administration

An absorption phase is present

The entire administered dose of a drug may not 

always reach the general circulation (i.e. 

incomplete absorption)
23
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The onset of action is determined by factors such 

as;

 Formulation and type of dosage form

 Route of administration

 Physicochemical properties of drugs and other 

physiological variables
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Fig. Plasma concentration vs. time plots that illustrate the 

importance of the absorption characteristics when a drug is 

administered by an extravascular route
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Review of ADME processes

 Drug absorption

Is the process of movement of drug from the site of 

administration into the site of measurement (usually 

blood, plasma or serum)

 In order to be absorbed, 

the drug molecules must pass through several 

physiological barriers before reaching the vascular 

system
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 Drug Distribution

The process of reversible transfer of drug to and from 

the site of measurement (usually blood, plasma or 

serum)

Any drug that leaves the site of measurement and 

does not return has undergone elimination
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The rate and extent of drug distribution is 

determined by:

 how well the tissues and/or organs are perfused 

with blood

 the binding of drug to plasma proteins and tissue 

components

 the permeability of tissue membranes to the drug 

molecule
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 Elimination

The irreversible loss of drug from the site of 

measurement

Elimination of drugs occur by one or both of 

metabolism or excretion

 Metabolism of  drugs 

The process of conversion of one chemical species 

to another chemical species

Usually, metabolites will possess little or none of the 

activity of the parent drug29
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 Excretion

Defined as the process whereby drugs and/or their 

metabolites are irreversibly transferred from internal 

to external environment

The two principal organs responsible for drug elimination 

are the kidney and the liver

The kidney is the primary site for removal of a drug in a 

chemically unaltered or unchanged form (i.e. excretion) 

as well as for metabolites
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Liver is the primary organ where drug metabolism

occurs

Occasionally, lungs may be an important route of 

elimination for substances of high vapor pressure 

(i.e., gaseous anesthetics, alcohol, etc)

Another potential route of drug removal is a 

mother’s milk

Although not a significant route for elimination of a 

drug for the mother, the drug may be consumed in 

sufficient quantity to affect the infant31
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 Disposition

Is defined as all the processes that occur subsequent 

to the absorption of the drug

 Is the description of drug distribution and 

elimination, i.e., process after absorption

Once a drug is in the systemic circulation, it is 

distributed simultaneously to all tissues including 

the organ responsible for its elimination
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The distinction between elimination and 

distribution is often difficult

When such a distinction is either not desired or is 

difficult to obtain, disposition is the term used

 Accumulation

Is the increase in drug concentration in blood and 

tissue upon multiple dosing until steady state is 

reached
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 Steady state

 Is a level of drug accumulation in blood or tissue upon 

multiple dosing when input and output are at equilibrium

The steady state drug concentrations fluctuate 

between a maximum and a minimum steady state 

concentration within each dosing interval
34
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 Biophase

Is the actual site of action of drugs in the body

The biophase may be the surface of a cell or within 

the cell, i.e., one of the organelles

 Receptor

Is the site in the biophase to which drug molecules 

can be bound

A receptor is usually a protein or proteinaceous

material
35



Cont…
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 Dosage regimen or dose rate

Is the systematized dosage schedule for therapy, 

i.e., the proper dose sizes and proper dosing intervals 

required to produce clinical effectiveness or to 

maintain a therapeutic concentration in the body

 Loading dose, priming dose or initial dose

Is the dose size used in initiating therapy so as to yield 

therapeutic concentrations which will result in clinical 

effectiveness



Cont…

 Maintenance dose

Is the dose required to maintain the clinical effectiveness 

or therapeutic concentration according to the dosage 

regimen

37



Rate Processes

After a drug is administered, it is subjected to a 

number of processes (ADME) 

 the rates of these process control the concentration of 

drug in the ‘‘site of action’’

These processes affect the onset of action, as well as 

the duration and intensity of pharmacological 

response
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After administration of a drug, there will be change 

in the mass or concentration of drug in the plasma 

with time:

• Where dC/dt is the instantaneous rate of change in 

function C with respect to an infinitesimal time 

interval (dt)
39
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Order of a process

In the equation:

The numerical value (n) of the exponent of the 

substance (C) undergoing the change is the order of 

the process

Types of orders process encountered in science 

include: zero order, first order, second order, etc

Zero- and first-order are most useful for 

pharmacokinetics
40



Zero-order process

n = 0, the equation becomes:

C                        Product 

• Where Ko is the zero-order rate constant and the minus 

sign shows negative change over time (elimination)

This equation clearly indicates that C changes at a 

constant rate, since Ko is a constant

This means that the change in C must be a 

function of factors other than the amount of C 

present at a given time41



Cont…

The integration of the Eqn. yields the following:

• where C is amount present at time t and Co is 

amount at time zero
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Applications of zero-order processes

Zero-order processes are employed in;

Administration of  a drug as a constant rate i.v.

infusion

 Formulation and administration of controlled 

release DFs 

Administration of drugs through transdermal drug 

delivery systems, drug elimination
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Unit of the rate constant (Ko) for zero order 

elimination of drug
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Zero order Half  life

Half life (t1/2) or half time is defined as the time

period required for the concentration of drug to

decrease by one half

When t = t1/2, C = C0/2 and the equation becomes:
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First-order process

n = 1, equation becomes:

• where K is the first-order rate constant.

• Up on integration of the above Eqn., we obtain:

Or

46

C = C0 e-Kt

ln C = ln C0 – Kt



Cont…
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Cont…

In first order process, the amount of drug

eliminated per time is directly proportional to the

amount of drug in the body

First-order elimination is extremely important in 

pharmacokinetics 

since the majority of therapeutic drugs are 

eliminated by this process
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First order Half  life

Substituting the value of C = C0/2 at t1/2 in first order

equation and solving it yields:

The half life of a first order process is a constant and

independent of initial drug concentration

i.e. irrespective of what the initial drug concentration is the

time required for the concentration to decrease by one half

remains the same
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Comparison b/n Zero  & First order

 First Order Elimination

Rate = k C

 [drug] decreases 

exponentially w/ time

 Rate of  elimination is 

proportional to [drug]

 Plot of  log [drug] or 

ln[drug] vs. time are 

linear

 t 1/2 is constant 

regardless of  [drug]

 Zero Order Elimination

Rate = k

 [drug] decreases 

linearly with time

 Rate of  elimination is 

constant

 Rate of  elimination is 

independent of  [drug]

 t 1/2 is not constant
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Problems

1. The plasma drug concentration of gentamicin was 8 mg/L 

and the patient's elimination rate constant is 0.25 hr-1.

What will be the concentration after 8 hours?

What will be the elimination half life?

(assuming first order)
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2. A pharmacist weighs exactly few grams of a drug and dissolves 

it in 100 mL of water. The solution is kept at room temperature, 

and samples are removed periodically and assayed for the drug. 

The pharmacist obtains the following data:

52

Drug Concentration (mg/mL) Time (hr) 

95 2

90 4

85 6

80 8

75 10

70 12



Cont…

a. Is the decomposition of this drug zero or first order?

b What is the rate of decomposition of the drug?

c. How many grams of drug were in the solution 

prepared by the pharmacist?
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Problems

3. Plot the following data on both semi-logarithmic paper 

and normal rectilinear paper.

a. Does the decrease in the amount if drug appear to be first 

order or zero order?

b. What is the rate constant?

c. What is the half-life?
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Time Drug (mg) Time Drug (mg)

10 96 90 34

20 89 120 10

40 73 130 25

60 57



Pharmacokinetic models

 The handling of a drug by the body can be very complex, as

several processes (such as ADME) work to alter drug

concentrations in tissues and fluids

 Simplifications of body processes are necessary to predict a

drug's behavior in the body

Application of mathematical principles to the various

processes

• A model of the body must be selected
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To understand the movement of drug in biological 

system pharmacokinetic models come under 

consideration

Various mathematical models can be devised to simulate 

the rate processes of drug absorption, distribution, 

metabolism and elimination
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These mathematical models are useful in the 

development of equations

to describe drug concentrations in the body as a 

function of time

Because amount of drug in the body is dependent on 

the two variables drug concentration and time
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Cont…
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In practice, pharmacokinetic parameters are 

not measured directly

but are determined experimentally from a set of 

dependent and independent variables collectively 

known as data

From these data, a pharmacokinetic model is 

estimated and the pharmacokinetic parameters are 

obtained



Cont…

Pharmacokinetic models are divided into

 Compartment model

 Physiologic model (flow model)

 Non-compartmental model

The most useful model is the compartment 

model
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Compartment Model

The living system is conceived to be composed of a 

number of mathematically interconnected 

compartments

A compartment is a group of tissues which behaves 

uniformly with respect to the drug movement

The compartments do not represent a specific 
tissue or fluid but may represent a group of 
similar tissues or fluids

Organs and tissues in which drug distribution is
similar are grouped into one compartment

60



Compartment model…

For example, distribution into muscle and adipose

tissue differs from distribution into renal tissue for

most drugs

The highly perfused organs (e.g., heart, liver, and

kidneys) often have similar drug distribution

patterns, so these areas may be considered as one

compartment
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Characteristics of Pharmacokinetic

compartment

 Pharmacokinetic compartments are not real physiological or

anatomical regions

 All the compartments may be assumed as various organs or

tissues that altogether handle a drug like a homogenous

compartments

 Grouping of a set of tissues in a compartment is based on

similar blood flow and drug affinity
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Characteristics…

 Compartments are interconnected by first-order rate

constants. Input rate constants may be zero order

 In each compartment drug is considered to be rapidly and

uniformly distributed

 The rate constants are used to represents the overall rate

processes of the drug entry into and exit from the

compartments
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Compartment model…

The classification of compartments is based on;

 the degree of vascularity, i.e., the blood flow to 

and from the compartment 

 distribution pattern of the drug

Compartments may be classified in to; 

 Central compartment

 Peripheral compartment
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Compartment model…

 Central compartment

Is the sum of all body regions (organs and tissues) 

in which the drug concentration is in instantaneous 

equilibrium with that in blood or plasma

Drugs in circulating fluids (plasma) and rapidly 

perfused tissues (e.g., heart, liver, kidney, lungs) 

are assigned to the central compartment
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Compartment model…

 Peripheral compartment

Is the sum of all body regions (organs and tissues) 

to which a drug eventually distributes, but not in 

instantaneous equilibrium

Drugs in fluids of distribution (i.e., lymph and 

extracellular water) and poorly perfused tissues 

(e.g., large muscle mass and skin) are assigned to 

the peripheral compartment
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Compartment model…

There are three types of compartment models in

pharmacokinetics:

One-compartment model

Two-compartment model

Multicompartment model
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One Compartment Model

The body is viewed as a single compartment

Considers the entire body, and all of the organs and

tissues to be one giant bucket

Drug is rapidly distributed following its 

administration, 

Rate of transfer of drug from blood to all organ 

and tissues and back into blood have become 

equal instantaneously
68



Compartment model…

All organs and tissues behave in similar fashion 

toward the administered drug

 One-compartment model will be applied to 

characterize the plasma concentration versus time 

data
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Compartment model…
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Compartment model…
Drug enters the central compartment from somewhere 

outside of the body

Drug then leaves the central compartment

This is analogous to the drug leaving the body

Drug recirculation does not occur (output line does not 

reconnect with input line)
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Two Compartment Model

Considers the entire body, and all of the organs and tissues 

to be two buckets 

 The body is viewed as two compartments

 The central compartments

The peripheral compartments

Central compartment consists of the plasma and tissues that

take up the drug so rapidly that distribution can be

considered to be instantaneous.

Peripheral compartment consists of tissues that take up the

drug at slower rate than tissues in the central compartment
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Compartment model…

The slower the drug distribution in the body,

The distribution equilibrium (b/n blood to various 

organs and tissues) is attained slowly and at a finite 

time

The vasculature, tissues and organs are not 

behaving in a similar fashion towards the drug

We consider the body to comprise two 

compartments or, if necessary, more than two 

compartments
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Compartment model…
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Compartment model…
Drug enters the central compartment from somewhere 

outside of the body

Drug then leaves the central compartment by one of two 

paths:

the peripheral compartment (also called compartment 2) or

drug leaves the body

Drug that is in the peripheral compartment can return to 

the central compartment

All drug must leave the body through a single bucket
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Compartment model…

 Three compartment model

An extension of the two compartment model, where a

sizable amount of the drug distributes to certain very

poorly perfused tissues, such as fat and bone, at an

extremely slow rate

The three compartment model has three group of tissues:
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Compartment model…

Central compartment tissues: take up the drug very

rapidly

Peripheral tissues: compartment take the drug more

slowly

Deep tissue compartment: take the drug at an

extremely slow rate

77
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It is important to recognize that the selection of 

the compartment model is dependent upon;

 the availability of plasma concentration versus time 

data  

 Therefore, the model selection process is highly 

dependent upon the following factors

The frequency at which plasma samples are 

collected

 It is highly recommended that plasma samples are 

collected as early as possible
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Cont…

The sensitivity of the procedure employed to 

analyze drug concentration in plasma samples

The physicochemical properties (e.g., the 

lipophilicity) of a drug

The equation required to characterize the plasma 

concentration versus time data depends upon;

 the compartment model chosen and 

 the route of drug administration

79



Cont…

The plasma concentration versus time data permits 

us to obtain accurate estimates of selected 

fundamental pharmacokinetics parameters such as;

 the apparent volume of drug distribution

 the elimination half life and 

 the elimination rate constant of a drug
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Cont…

These parameters allow for the calculation of;

 the dosage regimen (dose and dosing interval) that 

will provide the desired plasma concentration and

 duration of action for an administered drug
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Compartment models are subdivided into:

 Mammillary model

 Caternary model

82



Mammillary model

Arrangement of compartments in a manner similar 

to connection of satellites to a planet

The model consists of one or more peripheral 

compartments connected to a central compartment

Central compartment (compartment 1)

 Plasma & highly perfused tissues (lung, liver, kidney)

 Peripheral compartment (denoted by no 2, 3, etc)

Other organ 

83
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The drug introduced into a compartment reaches 

central compartment and from there it distributes 

to all other compartments which are connected to 

central compartment

Elimination of the drug is assumed to occur from 

the central compartment 

The mammillary model is the most common 

compartment model used in pharmacokinetics

84
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Movement of drug between compartments is 

defined by characteristic first order rate constant 

denoted by letter K, the number represents the 

direction of drug movement between the 

compartments

The number of rate constant in a particular 

compartment model is given by R

For IV administration R = 2n-1

 For extravascular administration R = 2n

Where n= number of compartment
85



Cont…

The figures below shows several types of 

compartment models

Model 1. One-compartment open model, IV 

injection

Model 2. One-compartment open model with first-

order absorption
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Model 3. Two-compartment open model, IV 

injection

Model 4. Two-compartment open model with first 

order absorption
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Model 5. Multi-compartment open model, IV 

injection
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The drawing of models

Gives a visual representation of the rate processes 

involved,

Shows how many pharmacokinetic rate constants are 

necessary to describe the process adequately, and

Enables the pharmacokineticist to develop 

differential equations to describe drug concentration 

changes in each compartment

89
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If the amount of drug absorbed and eliminated per 

unit time is obtained by sampling compartment 1,

Then the amount of the drug contained in the tissue 

compartments can be estimated mathematically

For this purpose, appropriate mathematical equations 

for describing these models and evaluating the 

various pharmacokinetic parameters are to be used

90



Cont…

 Caternary Models

The caternary model consists of compartments joined to 

one another in a series like the compartments of a train

Since most of the functional organs of the body are directly 

connected to the plasma, 

the caternary model is not used as often as the mammillary 

model
91



Advantages of compartment modeling

 It is simple and flexible approach

 It gives a visual representation of various rate 

processes involved in drug disposition

 it is important in development of dose regimens

 Used for comparison of multiple therapeutic 

agents

 It show how many rate constant required for 

describing these process

92



Disadvantages of compartment modeling

o The compartment and parameters have no relationship 

with physiological functions or anatomical structure of the 

species

o This approach is limited to specific drug only

o Difficulties generally arises when using model to interpret 

the differences b/n results from human and animal 

experiments

93



Physiologic Pharmacokinetic Model

Also known as blood flow or perfusion models 

Are pharmacokinetic models based on known 

anatomic and physiologic data

The rate of drug carried to a tissue/organ or tissue 

drug uptake is dependent upon two major factors:

 Rate of blood flow to the organ

Tissue/Blood partition coefficient or diffusion 

coefficient of drug

94
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In contrast to the tissue volume of distribution, the 

actual tissue volume is used

Because there are many tissues/ organs in the body, 

each tissue volume must be estimated and its drug 

concentration described

The model would potentially predict a 

realistic tissue drug concentration, which a 

compartment model fails to do so
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Cont…

An example of the perfusion model is shown below:
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To describe each organ separately with a differential 

equation would make the model very complex and 

mathematically difficult

A simpler but equally good approach is to group all 

the tissues with similar blood perfusion properties 

into a single entity as;

 RET (rapidly equilibrating tissue) and 

 SET (slowly equilibrating tissue)

97
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The number of tissue compartments in a perfusion 

model varies from drug to drug

Tissues or organs that have no drug penetration are 

excluded from consideration

 Such organs as the bones, teeth and others

98



Cont…

The information that is required for adequately 

describing a physiologic model is experimentally 

difficult to obtain

Physiologic pharmacokinetic model does provide a 

much better insight of how physiologic factors may 

change drug distribution from one animal species to 

another
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 Physiologically based pharmacokinetic models can 

be applied to several species, 

 For some drugs human data may be extrapolated

 Extrapolation is not possible with compartment 

models

Numerous drugs (including digoxin, lidocaine, 

methotrexate, and thiopental) have been described 

with perfusion models
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Advantages of physiologic modeling

Mathematical treatment is straightforward

 Data fitting is not required

 Exact description of drug concentration-time 

profile in any organ or tissue can be obtained

The influence of altered physiology or pathology on 

drug disposition can be easily predicted from 

changes in various pharmacokinetic parameter

101



Disadvantages of physiologic modeling

oObtaining experimental data, which is very 

exhaustive

o Prediction of individualized dosing is difficult

102



 Reading assignment on 

o Non-compartmental Model

103



Physiologic Pharmacokinetic Model

Also known as blood flow or perfusion models 

Are pharmacokinetic models based on known 

anatomic and physiologic data

The rate of drug carried to a tissue/organ or tissue 

drug uptake is dependent upon two major factors:

 Rate of blood flow to the organ

Tissue/Blood partition coefficient or diffusion 

coefficient of drug

104
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In contrast to the tissue volume of distribution, the 

actual tissue volume is used

Because there are many tissue organs in the body, 

each tissue volume must be estimated and its drug 

concentration described

The model would potentially predict a 

realistic tissue drug concentration, which a 

compartment model fails to do so
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Cont…

An example of the perfusion model is shown below:
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To describe each organ separately with a differential 

equation would make the model very complex and 

mathematically difficult

A simpler but equally good approach is to group all 

the tissues with similar blood perfusion properties 

into a single entity as;

 RET (rapidly equilibrating tissue) and 

 SET (slowly equilibrating tissue)

107
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The number of tissue compartments in a perfusion 

model varies from drug to drug

Tissues or organs that have no drug penetration are 

excluded from consideration

 Such organs as the bones, teeth and others

108



Cont…

The information that is required for adequately 

describing a physiologic model is experimentally 

difficult to obtain

Physiologic pharmacokinetic model does provide a 

much better insight of how physiologic factors may 

change drug distribution from one animal species to 

another

109
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 Physiologically based pharmacokinetic models can 

be applied to several species, 

 For some drugs human data may be extrapolated

 Extrapolation is not possible with compartment 

models

Numerous drugs (including digoxin, lidocaine, 

methotrexate, and thiopental) have been described 

with perfusion models
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Advantages of physiologic modeling

Mathematical treatment is straightforward

 Data fitting is not required

 Exact description of drug concentration-time 

profile in any organ or tissue can be obtained

The influence of altered physiology or pathology on 

drug disposition can be easily predicted from 

changes in various pharmacokinetic parameter
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Disadvantages of physiologic modeling

oObtaining experimental data, which is very 

exhaustive

o Prediction of individualized dosing is difficult

112



Non-compartmental Model

Also known as model-independent pharmacokinetics 

model

Based on the assumption that the drugs or 

metabolites follow linear kinetics

It does not require the assumption of specific 

compartment model

Describe the pharmacokinetics of drug disposition 

using time and concentration parameters
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The non-compartmental approach, based on statistical 

moments theory

 If one considers the time course of drug concentration in 

plasma as a statistical distribution curve, then:

MRT= mean residence time (defined as the average of time 

spent by the drug in the body before its elimination)

 AUMC= area under the first-movement curve

 AUC= area under the zero-movement curve

114



AUC and AUMC plots 

115



Cont…

AUMC is obtained from a plot of product of drug 

concentration and time (i.e. C.t) versus time t from zero 

to infinity

AUC is obtained from a plot of plasma drug concentration 

versus time from zero to infinity

AUMC and AUC can be calculated from a respective 

graph by trapezoidal rule
116



Advantages of non-compartmental Model

 Pharmacokinetic parameters can be easily derived

 a detailed description of drug disposition is not 

required

Applicable for any drug or metabolite which 

follow first-order kinetics
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Disadvantages of non-compartmental Model 

o Provide limited information regarding the plasma 

drug concentration-time profile

oThis method does not adequately treat non-linear 

cases 

118
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 Maintenance dose

Is the dose required to maintain the clinical effectiveness 

or therapeutic concentration according to the dosage 

regimen

 Volume of distribution

Hypothetical volume of the body fluid that would be 

required to dissolve the total amount of drug at the 

same concentration as that found in the blood

 It is a proportionality constant relating the amount of drug 

in the body to the measured concentration in biological fluid 

(blood, plasma or serum)120
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• Whole blood = plasma + blood cells

• Plasma = mostly water (90% by vol.) and contains 

dissolved proteins, glucose, clotting factors, 

mineral ions, hormones, etc

• Serum = plasma without fibrinogen or the other 

clotting factors
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The apparent volume of distribution has a 

minimum value that is dependent on physiological 

factors

A drug must be distributed at least throughout the 

plasma

Minimum value should be at least 3-4 L in a 70 

kg subject
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The higher the tissue affinity, the lower the fraction 

of drug will be in plasma

Theoretically, if the plasma concentration 

approaches a value of zero at infinitely high tissue 

affinities, the value of the volume of distribution 

moves towards infinity
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Cont…

 Clearance

Is the hypothetical volume of distribution (in ml) of 

the unmetabolized drug which is cleared per unit of 

time (ml/min or ml/h) by any pathway of drug 

removal (renal, hepatic and other pathways of 

elimination)
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Cont…

 Hepatic clearance

Is the hypothetical volume of distribution (in ml) of 

the unmetabolized drug which is cleared in one 

minute via liver

 Renal clearance

Is the hypothetical volume of distribution (in ml) of 

the unmetabolized drug which is cleared in one 

minute via kidney
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Cont…

 Linear pharmacokinetics

The administered dose of the drug is directly 

proportional relationship between;

 the observed plasma concentration and/or 

 the amount of drug eliminated in the urine and

126



Cont…

 Nonlinear or saturation kinetics

Refers to a change of one or more of the pharmacokinetic 

parameters during absorption, distribution, metabolism 

or excretion by saturation or overloading of processes due 

to increased dose sizes

 Chronopharmacokinetics

Is the study of the temporal change of pharmacokinetic 

drug parameters
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