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Pharmacokinetics of

Intravascular & Extravascular administration



Pharmacokinetics of

Intravenous administration

Drugs may be administered to patients by one of 

several routes, including oral, topical, or parenteral 

routes of administration

In developing pharmacokinetic models to describe 

and predict drug disposition kinetically, 

 Model must account for both the route of administration 

and the kinetic behavior of the drug in the body
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Cont…

Parenteral routes of administration include 

intravenous, subcutaneous, intramuscular, etc

Intravenous (IV) drug solutions may be given either 

as;

Bolus dose (injected all at once) or 

Infused slowly through a vein into the plasma

3 27-Apr-20



4

Intravenous bolus administration
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A drug is administered as an injection of a sterile 

solution formulation which is injected all at once 

(into a box, or compartment)

There are several important points to note;

Ensures that the entire administered dose reaches the 

general circulation

The drug distributes instantaneously and homogenously 

throughout the compartment

Drug elimination also occurs from the compartment in 

first order fashion
5

IV bolus Administration
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Intravenous bolus…
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Intravenous bolus…

One-compartment model offers the simplest way 

to describe the process of drug distribution and 

elimination in the body

The following assumptions are made;

One-compartment model, first-order process 

The drug is being monitored in blood (plasma/serum) 

and urine
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Intravenous bolus…

 Consider a single IV bolus injection of drug X. As time

proceeds, the amount of drug in the body is:

dCp/dt = rate in (availability) – rate out (elimination)

 Since rate in or absorption is absent, equation becomes 

dCp/dt =  - rate out 

 If rate out or elimination follows first order kinetic
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Intravenous bolus…
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Where,

 Cpt is the concentration at any time t

Cp
0 is the concentration at time 0

 k is the elimination rate constant
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Intravenous bolus…

 Example: If we know that the plasma drug concentration just

after a gentamicin dose is 8 mg/L and the patient's

elimination rate constant is 0.25 hr-1, calculate the

concentration 8 hours later?

solution:

C = C0e-Kt , C0 = 8 mg/L, K = 0.25 hr-1, and t = 8 hours

Cat 8 hr = 8 mg/L X e-0.25 hr-1(8 hr) = 8 mg/L (0.135) = 1.1 mg/L
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Intravenous bolus…

 NB: The term e-Kt indicates the fraction of the initial dose of

drug that remains in the body at time t;

 0.135 (or 13.5%) remains in the body 8 hours after the initial

dose in this example

 Conversely, the term 1 - e-Kt would indicate the percent or

fraction excreted after time (t)
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Intravenous bolus…

 The above equation describes the single exponential decline

in drug concentration as a function of time

 This fall in plasma concentration is called mono-exponential

decay

 If we know kel and Cp0 we could calculate Cp at any time

after a single IV bolus dose

 However, it still isn't very convenient for estimating a value

of kel from concentration versus time data
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Intravenous bolus…

 For estimation purposes it is preferable to use a straight line

equation

 A straight line equation can be achieved by taking the natural

logarithm of both side of Equation
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Intravenous bolus…

 Hence, Plotting ln(Cp) versus t should give a straight line with

a slope of - kel and an intercept of ln(Cp0) (y = mX + b with a =

intercept and m = slope)
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Intravenous bolus…

15

 C0 can’t be directly measured
experimentally, must be
determined by extrapolation
of the Cp-time line back to the
y-axis

 K is the slope
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Intravenous bolus…

Summarizes the relationship

With real Cp-time data (clinical data), the first data 

point is normally collected approximately 15 

minutes after administration

Therefore, the value of ln Cp o is determined by 

extrapolation of the lnCp-time line back to to rather 

than as an experimental data point
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Elimination rate constant 

 Elimination rate constant (k) represents the fraction of drug

removed per unit of time and has units of reciprocal time

(e.g., minute-1, hour-1, and day-1).
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• Where t1 and C1 are the

first time/concentration

pair and t2 and C2 are

the second time/
concentration
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Half life

 It is the time required for the concentration of drug in the

plasma to decrease by half

 Consider: ln C = ln C0-Kt

 By definition, at one half-life, the concentration (C) at the

time (t) is half of what it was initially (C0)

 So we can say that at t = t1/2, C = 1/2C0
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Half life…
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Half life…

As a rule of thumb, a drug is said to be completely 

eliminated after a time interval of five half-lives

After five half-lives, the amount of drug in the body 

is only around 3% of the theoretical Cp o value 
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Problem
1. If a dose of gentamicin is administered and a peak plasma 

concentration is 6 mg/L after the infusion is completed and 
is 1.5 mg/L 4 hours later, calculate half life of the drug?

2. What fraction of a drug remains from an IV bolus after five 

half-lives have elapsed?

3. The following table presents Cp-time data for a drug. Use the 

data to construct a ln Cp versus time graph. Determine the 

best-fit line of the graph & calculate the half-life of the drug.
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Clearance

 Total body clearance is an important pharmacokinetic

parameter that is often defined as the volume of blood or

plasma completely cleared of the drug per time

 It is also the proportionality constant relating the rate of

elimination and drug concentration

22

del

p

el

p

el

p

p V k
C

A
 . k

C

A) k_(

C

dt

dA

CLC . CL 
dt

dA









27-Apr-20



Clearance…

 Clearance can also be calculated using the integral of

equation
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Apparent volume of distribution

 Vd is the constant of proportionality that relates the total

amount of drug in the body at any time to the corresponding

plasma concentration
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Apparent volume of distribution…

 Immediately after the IV dose is administered the AB is the

IV dose

 At this time elimination is not yet started

 It has an insignificant effect on the administered dose

 Combining the above Equation and Equation for IV
bolus, C = C0e-Kt we are able to derive an equation for
drug concentration as a function of time given values
of Dose, Vd, and kel.25
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Apparent volume of distribution…

 Calculation may be the determination of kel and half-life from

CL and Vd
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Problem 

1. A patient is given a theophylline loading dose of 400 mg

intravenously over 20 minutes. Because the patient received

theophylline during previous hospitalizations, it is known that

the volume of distribution is 30 L and the half-life (t1/2) is 6

hours. Compute the expected theophylline concentration 4

hours after the dose was given?
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Problem…

2. A patient is given an IV dose of vancomycin 1000 mg. Since

the patient has received this drug before, it is known that the

Vd equals 50 L, the elimination rate constant is 0.077 h-1, and

the half-life equals 9 h (t1/2 = 0.693/kel = 0.693/0.077 h-1 = 9 h).

Calculate the expected vancomycin concentration 12 hours

after the dose was given?
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Problem…

3. A patient was given an intravenous loading dose of
Phenobarbital 600 mg over a period of about an hour. One day
and four days after the dose was administered phenobarbital
serum concentrations were 12.6 mg/L and 7.5 mg/L,
respectively. Compute Kel, t1/2, Vd and C0.

4.The following table present some Cp-time data points for an IV bolus

dose of 325 mg.What is CL for this drug?
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Area under the plasma concentration time 

curve (AUC)

 AUC: reflects the actual body exposure to drug after

administration of a dose of the drug and is expressed in mg X

h/L

 This area under the curve is dependent on

The rate of elimination of the drug from the body

The dose administered
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Calculation of AUC using the Trapezoidal 

Rule

 AUC can be calculated directly from the Cp versus time data

 can be determined by the application of trapezoidal

rule and can be obtained by using an equation
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Calculation of AUC…

 Trapezoidal rule is the simplest and most common approach

of calculating AUC

 We can calculate the AUC of each segment if we consider the

segments to be trapezoids [Four sided figure with two

parallel sides]
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Calculation of AUC…
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Calculation of AUC…

 The area of each segment can be calculated by multiplying

the average concentration by the segment width. For the

segment from Cp2 to Cp3:
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Calculation of AUC…

 If we assume that the last data points follow a single

exponential decline (a straight line on semi-log graph paper)

the final segment can be calculated from the equation above

from tlast to infinity:
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Calculation of AUC…

 Thus, the total AUC can be calculated as:
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Calculation of AUC…

 Example: An 80-mg dose of drug Y is administered as an

intravenous bolus, and the following plasma concentrations

result:
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Exercise

 A 250 mg dose of a drug was administered intravenously to

60 yr. 80 kg male subject. The blood concentration time data

is presented in table below. Calculate the AUC and

clearance?

38 27-Apr-20



39

Continuous infusion
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Continuous Intravenous Infusion

 Most drugs given intravenously cannot be given as an actual

intravenous bolus because

 Side effects related to rapid injection

 For instance, vancomycin IV bolus: hypotension and red

flushing around the head and neck areas

 Unsuitable when it is necessary to maintain plasma or

tissue concentrations at a concentration that will prolong

the duration of drug effect

40 27-Apr-20



41

 F

Figure: A representation of the plasma concentration (Cp) versus time profile

following the administration of a single intravenous (IV) bolus dose. MTC, minimum

toxic concentration; MEC, minimum effective concentration.
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Continuous intravenous….

 Therefore it may be given by slower IV infusion over 15 or 30

minutes or more

 If a drug is chemically stable and compatible with the IV fluid

it may be added to the fluid and thereby be given by slow

infusion

 The pharmacokinetics of a drug given by constant IV infusion

follows a zero-order input process in which the drug is

infused directly into the systemic blood circulation
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Continuous intravenous….

The main advantage for giving a drug by IV infusion is that;

 IV infusion allows precise control of plasma drug 

concentrations to fit the individual needs of the patient

IV infusion of drugs, such as antibiotics, may be given 

with IV fluids that include electrolytes and nutrients

The duration of drug therapy may be maintained or 

terminated as needed using IV infusion
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Continuous intravenous…

 Therefore, the infused drug follows zero-order input and first-

order output

 k0 represents infusion rate which is a zero order process so

the units of k0 are amount per time, for example 25 mg/min

44 27-Apr-20



Continuous intravenous….

 Infusion Rate Constant

An intravenous infusion involves a continuous flow 

of drug into a patient 

at a rate defined by the infusion rate constant, k0/Rinf, 

with units of mass/time

During an infusion, Cp rises with the start of the 

infusion

As Cp builds, elimination processes begin to 

counteract the infusion and slow the rate of increase 

in Cp
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Continuous intravenous….

If the infusion continues long enough, Cp approaches 

a maximum called the steady-state concentration (Cp ss) 

at which the rate of infusion is balanced by the rate of 

elimination

As soon as the infusion is stopped, Cp is influenced 

only by elimination and will decrease accordingly
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Continuous intravenous….

Figure: Cp vs. time for an IV infusion
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Continuous intravenous….

 The change in the amount of drug in the body at any time

(dAB/dt) during the infusion is the rate of input minus the rate

of output. The differential equation for V • Cp is then:

 After dividing both sides by the apparent volume of

distribution, V or substituting A with V x Cp
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Continuous intravenous….

 Example: A drug (Cl= 2L/h, Vd= 50 L) is administered as an

intravenous infusion at a rate of 10 mg/h. Calculate the

plasma concentration 4 h into the infusion.

50

  t. k-

del

o

t
ele-1 . 

V . k

k
Cp 

27-Apr-20



Steady-State Drug Concentration (CpSS)

 Steady-State Drug Concentration (CpSS)

 When an IV infusion is started at a constant rate in one-

compartment model, there is no drug present initially, so

plasma concentration (C) is zero

 As the infusion continues, Cp increases, initially quickly, but

then more slowly, as Kel<< k0

 If we continue the infusion indefinitely, the k0 will be equal

to Kel

Steady state plasma concentration

51 27-Apr-20



Steady-State Drug Concentration (CpSS)…

 In other words, there is no net change in the amount of drug

in the body, D B, as a function of time during steady state
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Steady-State Drug Concentration (CpSS)…

 We can determine the steady state concentration from the

differential equation by setting the rate of change of Cp, i.e.

dCp/dt = 0

 This could also be calculated from the integrated equation by

setting e- kel • t = 0 at t = ∞
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Steady-State Drug Concentration (CpSS)…

 Since the apparent volume of distribution, elimination rate

constant, and elimination half life (t1/2) are constants for a

given drug administered to a particular patient

The absolute value of steady-state plasma concentration is

determined only by the rate of infusion

For instance, if the rate of infusion is increased by a factor of

two, the steady-state plasma concentration will also

increase by a factor of two
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Steady-State Drug Concentration (CpSS)…

 Example1: An antibiotic has a volume of distribution of 10 L

and a k of 0.2 hr– 1. A steady-state plasma concentration of

10μg/mL is desired. Calculate the infusion rate needed to

maintain this concentration?

 Assume the above patient developed a uremic condition and

the elimination rate constant has decreased to 0.1 hr– 1. To

maintain the steady-state concentration of 10μg/mL, we

must determine a new rate of infusion as follows.
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Steady-State Drug Concentration (CpSS)…

 When the k decreases, the infusion rate must decrease

proportionately to maintain the same C SS

 However, because the elimination rate constant is smaller

(ie, the elimination t 1/2 is longer), the time to reach C SS

will be longer
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Steady-State Drug Concentration (CpSS)…

 Example2: A desired steady state plasma concentration of

theophylline may be 15 mg/L. The average half-life of

theophylline is about 4 hr and the apparent volume of

distribution is about 25 liter. What infusion rate is

necessary?
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Steady-State Drug Concentration (CpSS)…

 Exercise: An adult male patient (43 years old, 80 kg) is to be

given an antibiotic by IV infusion. According to the literature,

the antibiotic has an elimination t 1/2 of 2 hours, a V D of 1.25

L/kg, and is effective at a plasma drug concentration of 14

mg/L. The drug is supplied in 5-mL ampules containing 150

mg/mL.

a) Recommend a starting infusion rate in milligrams per hour

and liters per hour.
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Steady-State Drug Concentration (CpSS)…

 Blood samples were taken from the above patient at 12, 16,
and 24 hours after the start of the infusion. Plasma drug
concentrations were as shown below:

b) From this additional data, calculate the total body clearance

Cl T & estimate the elimination half-life for the antibiotic in this

patient.

59

T (hr) Cp(mg/L)

12 16.1

16 16.3

24 16.5
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Time to Reach Steady State

 Clinical practice, the activity of the drug will be observed

when the drug concentration is close to the desired plasma

drug concentration, which is usually the target or desired

steady-state drug concentration

 Mathematically, the time to reach true steady-state drug

concentration, C SS, would take an infinite time

 The time to reach 90%, 95%, and 99% of the steady-state

drug concentration, CSS, may be calculated.
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Time to Reach Steady State…

 For therapeutic purposes, the time for the plasma drug

concentration to reach more than 95% of the steady-state

drug concentration in the plasma is often estimated
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Table:  Number of t1/2 to Reach a Fraction of CSS



Time to Reach Steady State…

 Example: How many half-lives does it take to get to 95%

steady state?
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Time to Reach…

 NB:

The steady-state concentration (C SS) is dependent on the

volume of distribution, the elimination rate constant, and the

infusion rate.

For a drug with one-compartment characteristics, the time to

reach steady state is independent of the dose, the number of

doses administered, and the dosing interval, but it is directly

proportional to the half-life.
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Time to Reach…

64

 Exercise: How many half-lives does it take to get to 99%

steady state?

 A patient was given an antibiotic (t 1/2 = 6 hr) by constant IV

infusion at a rate of 2 mg/hr. At the end of 2 days, the serum

drug concentration was 10 mg/L. Calculate the total body

clearance Cl T for this antibiotic?
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Intravenous Infusion: Post Infusion

 In general, when drugs are administered using a continuous

IV infusion, and if the infusion is discontinued the Cp/time

profile decreases in a straight line with the slope of the

elimination curve equal to –ke or –ke /2.303 when graphed on

a semi-logarithmic axes

 Whenever the infusion stops before steady state is reached:

Cp can be calculated in two parts:
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Intravenous Infusion: Post Infusion…

 First, calculate the concentration of drug final infusion

concentration, CPD when t = D using Equation:

 After the infusion is stopped' the situation is similar with that

for the bolus injection. Hence once the infusion is stopped all

we have is first order elimination.
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Intravenous Infusion: Post Infusion…

 Where t is time counted from the start of the infusion or t =

Total time (infusion + post-infusion) and

 D is length of time of infusion period

 Thus t - D is the time since the end of the infusion (length of

time after infusion has stopped)

 For convenience, the two equations can be combined as

follows.
67
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Intravenous Infusion: Post Infusion…

 If the infusion is stopped after steady state is reached, the

slope of the elimination curve remains the same but the

concentration at the end of infusion is the steady state

concentration.
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Intravenous Infusion: Post Infusion
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Intravenous Infusion: Post Infusion

 Example: A patient is administered theophylline

intravenously with infusion rate of k0 = 735 mg/hr. It is known

from prior clinic visits that the patient has kel of 0.17 hr-1 , V

of 25 L; D (Infusion duration) of 0.5 hour. What would be the

plasma concentration at 4.5 hours (t = 4.5 hours)? That is if

we stop the loading infusion and don't start the maintenance

infusion.

70 27-Apr-20



Intravenous Infusion: Post Infusion

 Solution

 Where

Cpost-infusion is post-infusion serum concentrations,

Cend is the concentration at the end of infusion,

kel is the elimination rate constant and

tpost-infusion is the post-infusion time (tpostinfusion = 0 at end of
infusion and increases from that point)
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Intravenous Infusion: Post Infusion

Exercise 1: A patient was infused for 6 hours with a drug (k =

0.01 hr– 1; V D = 10 L) at a rate of 2 mg/hr. What is the

concentration of the drug in the body 2 hours after cessation

of the infusion?
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Cont…

An advantage to infusions over an IV bolus is that 

less drug hits the patient’s blood stream at once

This avoids elevated values of Cp o

Infusions are also able to provide a steady Cp level

One disadvantage of infusions is that they require 

time to reach a therapeutic concentration

Another disadvantage of infusions is that the patient 

must have an IV line during the entire time of the 

infusion
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Loading and maintenance dose

 One reason we give a drug by IV is because we need a quick

therapeutic response

 One way to achieve a therapeutic concentration more

quickly is to give a loading dose by rapid intravenous

injection and then start the slower maintenance infusion

 If the volume of distribution and elimination rate constant

can be estimated for a patient, a loading dose and initial

maintenance dose can be computed
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Loading dose…

 Loading Bolus

Because IV infusions can require considerable time 

to build Cp to effective levels, an IV bolus may be 

used to “jump start” Cp

Such dosing is called a loading bolus

Through joint use of an IV bolus and infusion, a 

patient may receive immediate and constant

therapeutic effect from a drug
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Loading dose…

 The loading dose can simply be calculated from the product

of target concentration and volume of distribution VD.

 If the target concentration is steady state concentration for a

continuous intravenous infusion dosage regimen DL is

computed using the following equation:

 NB:

Knowledge of volume of distribution allows calculation of

the drug dose required to achieve a target concentration
76

Ld

ss

p

el

o

del

ss

p

ss

po DV  . C
k

k
V . k . CCL  . Ck 

27-Apr-20



Maintenance dose

 To maintain a target steady state Cp
ss, the drug must be

administered at a rate equal to the rate of elimination at that

concentration i.e. rate of administration = rate of

elimination

 Since rate of elimination = CL x Cp
ss; and rate of

administration = ko

 Maintenance dose rate (mg / h) = Target Css (mg / L) x CL (L /

h)
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Maintenance dose

 Knowledge of clearance allows calculation of the dose rate

required to maintain a target steady state concentration

(Cp
ss)

 This means that if the dose is altered, the steady state

concentration will change in direct proportion to the change

in dose.
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 Example: A patient with a ventricular arrhythmia after a

myocardial infarction needing treatment with lidocaine at a Cp
ss

of 3.0 mg/L (population pharmacokinetic parameters used: Vd =

50 L, Cl = 1.0 L/min). Calculate the loading and maintenance

dose?

 Example: Calculate gentamicin dose required to achieve a peak

gentamicin concentration of 10 mg/l in a neonate weighing 1 kg

and Vd of 0.5 litre/kg ?

79

Loading and maintenance dose
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 Drugs with greater half life takes longer time to achieve Css

 Sometimes we need to give bolus dose to reach Css quickly

 Let us assume that a bolus dose is given at the start of the

infusion to get the plateau amount immediately. The size of

bolus dose must be Xo

 The amount in the body is maintained at plateau

concentration by constant infusion.

80

Combined infusion and bolus administration
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 The bolus dose reduces exponentially and at any time the

amount remaining in the body from bolus dose can be given as

 But as long as the infusion is maintained this decline will be

matched by the gain from the infusion

 The sum of these two amount is the same as the amount at

plateau Ass.

81

tk

ssinfss
ele AAA




tk

t
ele XoAss




Combined…

 ktkt e
Vk

ko
e

V

Dl
Css   1

27-Apr-20



Cont…

Figure: Use of a loading bolus with an IV infusion
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 When the bolus dose and infusion rate are exactly matched, the

gain from one administration offset the loss from the other.

83

Combined…
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Problem 

1. What is the concentration of a drug 6 hours after 

administration of a loading dose of 10 mg and simultaneous 

infusion at 2 mg/hr (the drug has a t1/2 of 3 hr and a volume 

of distribution of 10 L)?

2. For a 70-kg patient, the Vd of morphine is 230 L, and CLT is 

1,680 mL/min. Calculate the infusion rate (Ko/Rinf) of morphine 

required to sustain a Cp ss of 15 ng/mL in a 70-kg patient

3. Determine the appropriate dose for a loading bolus that will 

provide a Cp o of 15 ng/mL of morphine in a 70-kg patient. The 

Vd of morphine is 230 L, and CLT is 1,680 mL/min. If this bolus 

is combined with the infusion in the previous Sample Calculation, 

at what time will the Cp contribution from both the bolus and 

infusion be the same?
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Cont…

3. A physician wants to administer an anesthetic agent at a rate 

of 2 mg/hr by IV infusion. The elimination rate constant is 0.1 

hr– 1, and the volume of distribution (one compartment) is 10 

L. What loading dose should be recommended if the doctor 

wants the drug level to reach 2 g/mL immediately?

4. What is the concentration of a drug 6 hours after 

administration of a loading dose of 10 mg and simultaneous 

infusion at 2 mg/hr (the drug has a t 1/2 of 3 hr and a volume of 

distribution of 10 L)?
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Extravascular administration 
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Pharmacokinetics of extravascular dose 

Extravascular drug administration refers to any route 

of drug administration where the drug is not 

administered directly  into the systemic circulation 

Extravascular delivery routes, particularly oral dosing, 

are important and popular means of drug 

administration

Pharmacokinetic models after extravascular drug 

administration must consider systemic drug absorption

from the site of administration, eg, the lung, the gut, 

etc., into the plasma
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Extravascular…

88

Fig: Typical plasma concentration–time profile after extravascular 
drug administration.
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Extravascular…

 Immediately after drug administration (area A), plasma

concentrations increase because the rate of absorption is

greater than the rate of elimination

The amount of drug in the gastrointestinal tract is at its

maximum, so the rate of absorption is also maximum

In contrast, initially the amount of drug in the body is small,

so the rate of elimination is low
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Extravascular…

 As the absorption process continues, drug is depleted from

the gastrointestinal tract, so the rate of absorption decreases

 At the same time, the amount of drug in the body increases,

so the rate of elimination increases.

At the peak (B), the rate of absorption is momentarily

equal to the rate of elimination.
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Extravascular…

 After this time the rate of elimination exceeds the rate of

absorption and plasma concentrations fall (area C)

 Eventually, all the drug is depleted from the intestinal tract

and drug absorption stops.

At this time (area D) the plasma concentration is influenced

only by elimination
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Model for first-order absorption in a one-compartment model

 The absorption of drugs from the gastrointestinal tract often

follows first-order kinetics

 As a result, the pharmacokinetic model can be created

simply by adding first-order absorption into the central

compartment of the one-compartment model

 This model can be represented as:
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Model for first-order absorption…

93

 Where 

 Xg is the amount of drug to be absorbed 

 Xp is the amount of drug in the body 

 ka is the first order absorption rate constant

 kel is first order elimination rate constants
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Model for first-order absorption…

 The amount of drug in the body at any time will depend on

the relative rates of drug in(absorption) and out

(elimination):

 Rearranging and integrating the above equation yields:
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Model for first-order absorption…

 where

(Xp) t is the mass (amount) of drug in the body at time t;

Xg0(Dose) is the mass of drug at the site of administration at
t=0 (the administered dose);

F is the fraction of drug absorbed;

(Xg)t=o = FXg0 and is the mass of administered dose that is
available to reach the general circulation
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 The above Equation can be written in concentration (Cp) terms

by substituting Cp X Vd for Xp:

 Where

 KaFXg0/Vd (Ka – Kel) is the intercept of the plasma drug

concentration versus time plot.
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Model for first-order absorption…
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Model for first-order absorption…

97

 Notice that the right hand side of this equation (Equation

above) is a constant multiplied by the difference of two

exponential terms, A bi-exponential equation.
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 When time is large, because of the fact that Ka >> Kel, e-kat

approaches zero, and Cp reduces to:
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Determination of elimination half life (t1/2)
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Method of Residuals

1. Back extrapolate the log linear portion of the decline phase,

say C’ denotes the plasma concentration along this

extrapolated line.

2. Subtract the plasma concentration Cp from the

corresponding extrapolated value at each point.

3. Plot the residual (C’-Cp) against time on the semi-log graph

paper.
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Absorption rate constant (Ka)
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 It gives a straight line, the slope of which is the

absorption constant.
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Absorption rate constant (Ka)…
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Absorption rate constant (Ka)…

101

Table: Illustration of the table created for determination of the 
first-order absorption rate constant Ka
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Absorption rate constant (Ka)…

 After EV drug administration, the plasma concentration at any

given time is given by:

 If we denote KaFXg0/Vd (Ka – Kel) as A

 At some point past the peak Cp, is essentially zero and

absorption is over. The extrapolated line is given by:
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Absorption rate constant (Ka)…

 Subtracting C’ from Cp we get

 Taking natural logs
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Absorption rate constant (Ka)…

 A plot of this difference between extrapolated and observed

Cp against time, on semi-logarithmic paper should yield a

straight line, which, in turn, should allow determination of:

The first-order absorption rate constants, Ka= - Slope

Absorption half life , t1/2= 0.693/Ka
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Absorption rate constant (Ka)…
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Apparent volume of distribution (V)

 For a drug administered EV route of administration, the Vd

can be calculated from Cp data in two ways.

 If F (the fraction of administered dose that reaches the

general circulation) is known:

If F is not known, the ratio of V/F will be calculated as

follow:
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Time of Cp max, Peak time (tmax)

 The peak time (tmax) is the time at which the body displays

the maximum plasma concentration, (Cp) max

 It occurs when the rate of absorption is equal to the rate of

elimination (i.e., when KaXg = Kel Xp)

 At the peak time, therefore, Ka (Xg)tmax = Kel (Xp)tmax.

107

max
tp

X
el

k 

max
tg

X
a

kor    0
el

k  .

max
tp

X  

max
tg

X  .
a

k
dt

p
dX































27-Apr-20



Time of Cp max, Peak time (tmax)….

The peak time can be used:

To determine comparative bioavailability and/ or

bioequivalence

To determine the preferred route of drug administration and

the desired dosage form for the patient

To assess the onset of action
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Maximum [peak] plasma concentration [Cp] max

 There are two methods available for determining peak

plasma concentration (Cp) max

 Method 1: Peak plasma concentration obtained from the

graph of plasma concentration versus time
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Maximum [peak] plasma concentration [Cp] max

 Method 2: Peak plasma concentration obtained by substituting t

with t max in the original extravascular equation.

 As the ka value is becoming smaller, the Cp max gets lower

and the onset becomes slower.

 Thus the higher the F value the higher the concentration

values at each time point.
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Maximum (peak) plasma…

 The peak plasma concentration:

 Is one of the parameters used to determine the comparative

bioavailability and/or the bioequivalence between two products

(same and or different dosage forms) but containing the same

chemical entity or therapeutic agent

May be used to determine the superiority between two different

dosage forms or two different routes of administration

May correlate with the pharmacological effect of a drug.
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Lag time

 The lag time (t0) indicates that absorption did not start

immediately following the administration of drug by the oral

or other extravascular route

 This delay in absorption may be attributed to some

formulation-related problems

 Slow tablet disintegration,

 Slow and/or poor drug dissolution from the dosage form

 Incomplete wetting of drug owing to the hydrophobic
nature of the drug

 Poor formulation
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Lag time…

Theoretically, intercepts of the terminal linear portion and

the feathered line should be the same; however, sometimes,

these two lines do not have the same intercepts.

 As a result the lag in time for a drug will be observed at a

point greater than t=0 on the x-axis.

 This time at the point of intersection on the x-axis is called

the lag time
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Lag time…
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Lag time…

 whenever there is lag time during absorption:

The lag time t0 is subtracted from each time point.
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PROBLEM

 An oral drug has a dose of 500 mg, oral bioavailability of 

80%, Vd of 70 L, kel of 0.3 h-1, and kab of 0.8 h-1. The drug 

has been prescribed to be taken every 4 hours. If the 

minimum effective concentration of the drug is 1.5 mg/mL, 

will the patient still have an effective concentration of the 

drug when the second dose is administered?
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 The following data were obtained when a 500 mg dose of an
antibiotic was given orally. Calculate the pharmacokinetic
parameters, assuming 100% of the administered dose was
absorbed.
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Time(h) 1 2 3 4 5 6 8 16 18

C((mcg/ml

)

26.501 36.091 37.512 36.055 32.924 29.413 22.784 7.571 5.734

Time(h) 20

C((mcg/ml

)

4.343

Example
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 Solution: first we have to draw a graph. Then, we will go for
calculating different pharmacokinetic parameters. Hence, the
graph looks like this
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Example…
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 The rate constant of elimination is calculated from the terminal

linear portion of plasma profile. To determine it, we need to

calculate slope of the straight line having y-intercept = B. if natural

log are used the rate constant of elimination (b) = negative slope

of this straight line. Therefore
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 The biological half life (t1/2) is determined using the equation t1/2=

0.693/kel = 0.693/0.139/h = 4.98/hr.

Elimination rate constant
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 The Y-intercept of this straight line is B and is determined using the first

order equation: ln Ct = ln B – kelt Which upon rearrangement gives ln B =

ln Ct + kelt  ln 4.343 + (0.139/hr) (20hr) =1.4686 + 2.78 = 4.2486 B =

Inverse ln 4.2486 = 70.0 mcg/ml

 To obtain the straight line which represents absorption phase, the

technique of feathering or the method of residuals is used. for example,

to feather the first plasma conc. point at 1 hr, the plasma conc. at 1 hr

on the straight line having the y intercept = B is subtracted from the

plasma conc. data provided in the data.

120

Absorption constant
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 ln Ct = ln B - kelt  ln Ct = ln 70 – (0.139) (1) = 4.2485 – 0.139 =

4.1095  Ct = inverse ln 4.109 = 60.916 mcg/ml

 The residual conc. at 1 hr is obtained by subtracting from this

concentration at 1 hr provided in the data. Therefore the residual

concentration at 1hr is, 1 hr = 60.916 – 26.501 = 34.415mcg/ml.

With similar method the residual concentration for every hour will

be calculated and the residual cure will look like this.
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Absorption constant…
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Absorption constant…
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 The rate constant of absorption is obtained from the slope of the
straight line which represent absorption as follows;
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 The next parameter is Vd and it can be calculated as follow. Since
100% of the administered dose was absorbed, F = 1. Substituting
the values of B= 70mcg/ml, D= 50mg, Ka = 0.71/hr, Kel = 0.139/hr:
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Absorption constant…
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 From the Pk parameters found, Ka = 0.71/hr and Kel = 0.139/hr we
can calculate tmax.
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 From the data given we can also calculate the Cp max of the drug
in plasma. The parameters we need are I or B = 70 mcg /ml, Ka =
0.71 /hr, Ke = 0.139 /hr, and tmax = t’ = 2.856 hr

      l37.85mcg/m70X0.5407ee70Xee IC 0.71X2.85660.139X2.85tktk

maxp
maxamaxel  

T max and C max
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Reading assignment;

Clinical pharmacokinetics
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