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Pharmacokinetic  Principles
• Pharmacokinetic  analysis  utilizes  mathematical  models to  
simplify  or  simulate  the  disposition  of  the  drug  in  the  body.

• The  principal  assumption  is  that  the  human  body  may  be  
represented  by  one  or  more  compartments  in  which  a  drug  
resides  in  a  dynamic  state  for  a  short  period  of  time.

COLLEGE  OF  PHARMACY
UNIVERSITY  OF  BASRAH

Assumptions   for  models

1. The  volume  of  each  compartment  remains  
constant.  

2. Once  a  drug  enters  the  compartment,  it  is  
instantaneously  and  uniformly  distributed  
throughout  the  entire  compartment.  
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Volume  of  distribution
• Each  drug  has  its  own  distinct  Vd,  
• Influenced  by  
• age  and  disease  status.  

• IV,  it  is  assumed  that  the  drug  distributes  immediately  to  
tissues  and  instantly  attains  equilibrium.
• Oral  administration,  the  drug  is  absorbed  at  a  certain  rate  
and  is  characterized  by  the  absorption  rate  constant  Ka.  
Finally,  the  drug  is  eliminated  from  the  compartment  at  a  
certain  rate  that  is  characterized  by  an  elimination  rate  
constant,  Kel.   5
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Volume  of  distribution
• Vd is  a  proportionality  constant  that  refers  to  the  volume  
into  which  the  total  amount  of  drug  in  the  body  must  be  
uniformly  distributed  to  provide  the  concentration  of  drug  
actually  measured  in  plasma  or  blood.  
• This  term  can  be  misleading  because  it  does  not  represent  
a  specific  body  fluid  or  volume.  It  is  influenced  by  the  
plasma  protein  binding  and  tissue binding of  a  drug  and  
water-fat  distribution  (according  to  log  p)  .  
• These  then  influence  the  distribution  of  the  drug  between  
plasma  water,  extracellular  fluid,  intracellular  fluid,  and  
total  body  water.  
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The fecal excretion of drugs appears to 
lag behind the rate of urinary excretion, 
partly because a day or so elapses before 
the feces reach the rectum. Drugs adminis-
tered orally for local activity within the gas-
trointestinal tract and not absorbed will be 
eliminated completely via the feces. Unless 
a drug is particularly irritating to the gas-
trointestinal tract, there is generally no ur-
gency about removing unabsorbable drugs 
from the system by means other than nor-
mal defecation. Some drugs that are only 
partially absorbed after oral administration 
will naturally be partly eliminated through 
the rectum.

PHARMACOKINETIC PRINCIPLES

This section introduces the concept of phar-
macokinetics and how it interrelates the 
various processes that take place when 
one administers a drug to a patient, that is, 
ADME. It is not intended to be comprehen-
sive, and thus, for further information about 
the subject, the reader is referred to other ap-
propriate literature.

A problem encountered when one needs 
to determine a more accurate dosage of a 
drug or a more meaningful interpretation of 
a biologic response to a dose is the inability 
to determine the drug concentration at the 
active site in the body. Consequently, the 
concept of compartmental analysis is used to 
determine what has become of the drug as 
a function of time from the moment it is ad-
ministered until it is no longer in the body. 
Pharmacokinetic analysis uses mathematical 
models to simplify or simulate the disposi-
tion of the drug in the body. The idea is to 
begin with a simple model and then modify 
as necessary. The principal assumption is 
that the human body may be represented by 
one or more compartments or pools in which 
a drug resides in a dynamic state for a short 
time. A compartment is a hypothetical space 
bound by an unspecified membrane across 
which drugs are transferred (Fig. 5.12). The 
transfer of drugs into and out of this com-
partment is indicated by arrows that point in 
the direction of drug movement into or out 
of the compartment. The rate at which a drug 

is transferred throughout the system is des-
ignated by a symbol that usually represents 
an exponential rate constant. Typically, the 
letter K or k with numeric or alphanumeric 
subscripts is used.

Several assumptions are associated with 
modeling of drug behavior in the body. It is 
assumed that the volume of each compart-
ment remains constant. Thus, an equation 
that describes the time course of the amount 
of drug in the compartment can be converted 
to an equation that depicts the time course of 
the drug concentration in the compartment 
by dividing both sides of the equation by the 
volume of the compartment. Second, it is as-
sumed that once a drug enters the compart-
ment, it is instantaneously and uniformly 
distributed throughout the entire compart-
ment. Thus, it is assumed that a sampling 
of any one portion of the compartment will 
yield the drug concentration of the entire 
compartment.

In compartment models, it is assumed that 
drug passes freely into and out of compart-
ments. Thus, these compartmental systems 
are known as open systems. Typically, drug 
transport between compartments follows 
first-order kinetics, wherein a constant frac-
tion of drug is eliminated per unit of time 
and can be described by ordinary differen-
tial equations. In these linear systems, the 
time constants that describe the rate at which 
the plasma or blood concentration curve of 
a drug decays are independent of the dose, 
the volume of distribution, and the route of 
administration.

The simplest pharmacokinetic model is 
the single-compartment open-model system 

Drug
Ka Kel

Cp

Where:
Cp is the drug concentration in plasma
Vd is the volume of the compartment or volume
     of distribution

Vd

FIGURE 5.12 A one-compartment system.
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• The  simplest  pharmacokinetic  
model  is  the  single  
compartment  open-model  
system.  

• This  model  depicts  the  body  as  
one  compartment  characterized  
by  a  certain  volume  of  
distribution  (Vd)  that  remains  
constant.
• Why  open?
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For  drugs  whose  
distribution  follows  first-
order,  one-compartment  
pharmacokinetics,  a  plot  
of  the  logarithm  of  the  
concentration  of  drug  in  
the  plasma  (or  blood)  
versus  time  will  yield  a  
straight  line.  

9
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The  equation  that  describes  the  plasma  decay  curve  is  
Cp=C0e-Kelt

LogCp =  LogC0-(Kel*t)/2.303

• Where  
Kel is  the  first-order  rate  of  elimination  of  the  drug  from  the  body,  
Cp is  the  concentration  of  the  drug  at  time  equal  to  t,  
C0 is  the  concentration  of  drug  at  time  equal  to  zero.

• Note:
Kel is  independent  of  the  dose,  the  volume  of  distribution,  
and  the  route  of  administration.  
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• Most drugs administered orally
can be adequately described
using a one-compartment model.

• Drugs administered by rapid
intravenous infusion are usually
described by a two-compartment
or three compartment model
system.

204 

Log C Log C K tp p
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 (Equation 5.3)
Equation 5.3 is then thought of in terms of 

the Y-intercept form:

Y b mX

Log C Log C Kp P el

= +
= −0 2 303/ . ( )t

and interpreted as such in the semiloga-
rithmic plot illustrated in Figure 5.14. Most 
drugs administered orally can be adequately 
described using a one-compartment model, 
whereas drugs administered by rapid intra-
venous infusion are usually best described 
by a two-compartment or three-compart-
ment model system.

Assuming that a drug’s volume of distri-
bution is constant within this system, the to-
tal amount of drug in the body (Qb) can be 
calculated from the following equation:

Q C Vb p d= ⎡⎣ ⎤⎦
0 [ ]  (Equation 5.4)

Usually, Cp
0 is determined by extrapolating 

the drug concentration–time plot to time 
zero.

In this simple one-compartment system, it 
is assumed that the administered drug is con-
fined to the plasma (or blood) and then ex-
creted. Drugs that exhibit this behavior have 
small volumes of distribution. For example, 
a drug such as warfarin sodium, which is ex-
tensively bound to plasma albumin, will have 
a volume of distribution equivalent to that of 
plasma water, about 2.8 L in an average 70-
kg adult. Some drugs, however, are initially 
distributed at somewhat different rates in 
various fluids and tissues. Consequently, 
these drugs’ kinetic behavior can best be il-
lustrated by considering an expansion of the 
one-compartment system to the two-compart-
ment model (Fig. 5.15).

In the two-compartment system, a drug 
enters into and is instantaneously distrib-
uted throughout the central compartment. 
Its subsequent distribution into the second 
or peripheral compartment is slower. For 
simplicity, on the basis of blood perfusion 
and tissue–plasma partition coefficients for 
a given drug, various tissues and organs are 
considered together and designated either 

central compartment or peripheral compart-
ment. The central compartment is usually 
considered to include the blood, the extra-
cellular space, and organs with good blood 
perfusion, such as the lungs, liver, kidneys, 
and heart. The peripheral compartment usu-
ally comprises tissues and organs that are 
poorly perfused by blood, such as the skin, 
bone, and fat.

Figure 5.16 depicts the plasma drug con-
centration–time plot for a rapidly adminis-
tered intravenous dose of a hypothetical drug 
that exhibits kinetic behavior exemplifying a 
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FIGURE 5.14 A semilogarithmic plot of plasma concen-
tration versus time of an intravenous drug that follows 
first-order two-compartment pharmacokinetics.

Drug

Central
compartment

Peripheral
compartment

KPC

KCP

Where:
Qc = Quantity of drug in central compartment
Vc = Volume of the central compartment
Qp = Quantity of drug in peripheral compartment
Vp = Volume of the peripheral compartment

VcQc VpQp

FIGURE 5.15 A two-compartment system.
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vOne-compartment  system  :  drug  is  confined  to  the  plasma  (or  blood)  
and  then  excreted.

vDrugs  that  exhibit  this  behavior  have  small  Vd.  

vFor  example,  a  drug  such  as  warfarin  sodium,  which  is  extensively  
bound  to  plasma  albumin,  will  have  a  Vd equivalent  to  that  of  plasma  
water,  about  2.8  L in  an  average  70- kg  adult.  

vSome  drugs,  however,  are  initially  distributed  at  somewhat  different  
rates  in  various  fluids  and  tissues.  Consequently,  these  drugs’  kinetic  
behavior  can  best  be  illustrated  by  considering  an  expansion  of  the  
one-compartment  system  to  the  two-compartment  model  
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• In  the  two-compartment  
system,  a  drug  enters  
into and  is  
instantaneously  
distributed  throughout  
the  central  
compartment.
• Its  subsequent  
distribution  into  the  
second  or  peripheral  
compartment  is  slower.
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the drug concentration–time plot to time 
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In this simple one-compartment system, it 
is assumed that the administered drug is con-
fined to the plasma (or blood) and then ex-
creted. Drugs that exhibit this behavior have 
small volumes of distribution. For example, 
a drug such as warfarin sodium, which is ex-
tensively bound to plasma albumin, will have 
a volume of distribution equivalent to that of 
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various fluids and tissues. Consequently, 
these drugs’ kinetic behavior can best be il-
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In the two-compartment system, a drug 
enters into and is instantaneously distrib-
uted throughout the central compartment. 
Its subsequent distribution into the second 
or peripheral compartment is slower. For 
simplicity, on the basis of blood perfusion 
and tissue–plasma partition coefficients for 
a given drug, various tissues and organs are 
considered together and designated either 

central compartment or peripheral compart-
ment. The central compartment is usually 
considered to include the blood, the extra-
cellular space, and organs with good blood 
perfusion, such as the lungs, liver, kidneys, 
and heart. The peripheral compartment usu-
ally comprises tissues and organs that are 
poorly perfused by blood, such as the skin, 
bone, and fat.

Figure 5.16 depicts the plasma drug con-
centration–time plot for a rapidly adminis-
tered intravenous dose of a hypothetical drug 
that exhibits kinetic behavior exemplifying a 
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FIGURE 5.14 A semilogarithmic plot of plasma concen-
tration versus time of an intravenous drug that follows 
first-order two-compartment pharmacokinetics.

Drug

Central
compartment

Peripheral
compartment

KPC

KCP

Where:
Qc = Quantity of drug in central compartment
Vc = Volume of the central compartment
Qp = Quantity of drug in peripheral compartment
Vp = Volume of the peripheral compartment

VcQc VpQp

FIGURE 5.15 A two-compartment system.
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The  central  compartment  is  
usually  considered  to  include  
the  blood,  the extracellular  
space,  and  organs  with  
good  blood  perfusion,  e.g.,  
lungs,  liver,  kidneys,  heart.

14
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• Note  the  initial  steep  
decline  of  the  plasma  
drug  concentration  
curve.  
• This  typifies  the  
distribution  of  the  drug  
from  the  central  
compartment  to  the  
peripheral  
compartment.

COLLEGE  OF  PHARMACY
UNIVERSITY  OF  BASRAH

A  semi-logarithmic  
plot  of  Cp vs  t after  
rapid  IV  of  a  drug  
which  is  best  
described  by  a  two-
compartment  model  
system  can  often  be  
resolved  into  two  
linear  components.

16

205

two-compartment system. Note the initial 
steep decline of the plasma drug concentra-
tion curve. This typifies the distribution of 
the drug from the central compartment to the 
peripheral compartment. During this phase, 
the drug concentration in the plasma will 
decrease more rapidly than in the postdis-
tributive or elimination phase. Whether this 
distributive phase is apparent depends on the 
timing of the plasma samples, particularly in 
the time immediately following administra-
tion. A distributive phase can be very short, a 
few minutes, or last for hours and even days.

A semilogarithmic plot of the plasma con-
centration versus time after rapid intrave-
nous injection of a drug best described by a 
two-compartment model system can often 
be resolved into two linear components. This 
procedure can be performed by the method 
of residuals (or feathering), shown in Figure 
5.16. In this procedure, a straight line is  fitted 
through the tail of the original curve and 

extrapolated to the Y-axis (the value obtained 
is B). A plot is then made of the absolute dif-
ference values of the original curve and the 
resultant extrapolated straight line. The slope 
of the feathered line (−a/2.303) and the ex-
trapolated line (−b/2.303) and the intercepts, 
A and B, are determined. The following equa-
tion describes a two-compartment system:

C Ae Bep
at bt= +− −

 (Equation 5.5)

This is a two-exponential equation that 
describes the two-compartment system. In 
this scheme, the slope of the line, −a/2.303, 
obtained from feathering yields the dis-
tributive rate of the drug. The slope of the 
terminal linear phase or elimination phase, 
−b/2.303, describes the rate of loss of the drug 
from the body and usually is considered to 
be a reflection of the metabolic processes and 
renal elimination from the body. Appropriate 
pharmacokinetic formulas allow the clinician 
to calculate the various volumes of distribu-
tion and rates of distribution and elimination 
for drugs whose pharmacokinetic behav-
ior is exemplified by the two-compartment 
system.

Half-Life
The half-life (t½) of a drug describes the 
time required for a drug’s blood or plasma 
concentration to decrease by half. This 
fall in drug concentration is a reflection of 
metabolic processes and/or excretion. The 
biologic half-life of a drug in the blood may 
be determined graphically from a pharma-
cokinetic plot of a drug’s blood concentra-
tion–time plot, typically after intravenous 
administration to a sample population. 
The amount of time required for the con-
centration of the drug to decrease by half 
is considered its half-life. The half-life can 
also be mathematically determined. Recall 
Equation 5.3 and rearrange the equation as 
follows:

K t
Log C Log C

Log C

C
el

p p
p

p2 303
0

0

.
= − =

 
(Equation 5.6)
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FIGURE 5.16 The logarithm of the drug concentration 
in plasma plotted versus time (solid line) after intrave-
nous administration of a drug whose disposition can be 
described by a two-compartment model.
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Residual  method
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• The  slope  of  the  feathered  line  (-a/2.303)  and  
the  extrapolated  line  (-b/2.303)  and  the  
intercepts,  A  and  B,  are  determined.

Cp=Ae-at+Be-bt

• This  is  a  bi-exponential  equation  which  
describes  the  two-compartment  system.
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• The  half-life  (T1/2)  of  a  drug  describes  the  time  required  for  a  
drug’s  blood  or  plasma  concentration  to  decrease  by  one  half.

• The  biological  half-life  of  a  drug  in  the  blood  may  be  
determined  graphically  off  of  a  pharmacokinetic  plot  of  a  
drug’s  blood-concentration  time  plot,  typically  after  
intravenous  administration  to  a  sample  population.

Half  Life
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Half  life  of  drugs
• Time  required  for  the  drug  reach  its  half  concentration  in  the  
body  after  administration

19
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Half  life  of  drugs

20
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Half  life  of  drugs
• Half  life  measurement  gives  an  idea  about  the  elimination  
capacity  of  the  body.

• Data  on  a  drug’s  biologic  half-life  are  useful  in  determining  the  
most  appropriate  dosage  regimen.

21
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Half  life  of  drugs

•Exceptions  are  in  case  of  renal  or  hepatic  
abnormal  function.

• Digoxin  half  life  when  renal  function  is  normal  is  1.5-2
days.

• Digoxin  half  life  in  anuric patient  is  4-6 days.

22
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Half  life  of  drugs

23

• For  theophylline:
Physiological	  
condition Half	  life

Premature	  with	  
immature	  liver	  enzyme	  
systems

14-‐58	  hrs

Children	   aged	  1-‐4	  years 2-‐5.5	  hrs
Adult	  non-‐smokers 6.1-‐12.8	  hrs
Adult	  smokers 4.3	  hrs

COLLEGE  OF  PHARMACY
UNIVERSITY  OF  BASRAH

Half  life  of  drugs

• Smoking  induces  theophylline  metabolism.

• Smokers  may  require  a  50%  to  100%  increase  in  
theophylline  dose.

• The  time  required  to  normalize the  effect  of  smoking  on  
theophylline  metabolism  in  the  body  once  the  patient  stops  
smoking  may  range  from  3  months  to  2  years.

24
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The  three  main  mechanisms  by  which  a  drug  is  removed  
or  cleared  from  the  body  include
1. The  hepatic  metabolism,  i.e.,  hepatic  clearance, Clh,  
of  a  drug  to  either  an  active  or  inactive  metabolite,

2. The  renal  excretion,  i.e.,  renal  clearance,  Clr,  of  a  drug  
unchanged   in  the  urine,

3. Elimination  of  the  drug  into  the  bile  and  subsequently  
into  the  intestines  for  excretion  in  feces.

Clearance  

COLLEGE  OF  PHARMACY
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Fraction   of   the  total   volume   of  distribution   that  can  be  
cleared   from   the  drug   per  unit  of  time.

In  the  one  compartment   model   described   earlier,   total   body  
clearance   is  the  product   of  the  volume   of  distribution,   Vd,  and   the  overall   rate  of  elimination,   kel:

ClB=Vd�kel
t1/2=0.693Vd/ClB

t1/2=0.693Vd/(Clh+Clr)

Clearance  
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Dosage  regimen  considerations
• Approaches  to  the  development  of  a  dosage  regimen

1. Empirical  approach.

2. Use  of  pharmacokinetics,  or  the  kinetic  approach  .

27
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Dosage  regimen  considerations

•Empirical  approach

• Administration  of  a  drug  in  a  certain  quantity.
• Noting  the  therapeutic  response.
• Modifying  the  amount  and  interval  of  dosage  
accordingly.

28
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Dosage  regimen  considerations

•Empirical  therapy  is  usually  employed  when:
• the  drug  concentration  in  serum  or  plasma  does  not  
reflect  the  concentration  of  drug  at  the  receptor  site  

• the  pharmacodynamic effect  of  the  drug  is  not  related  
(or  correlated)  with  drug  concentration  at  the  receptor  
site.

29
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Dosage  regimen  considerations
• Empirical  therapy  is  used  for  many  anticancer  drugs.

ØDemonstrate  effects  long  after  they  have  been  excreted  from  
the  body.  

ØIt  is  difficult  to  relate  the  serum  level  of  these  drugs  with  the  
desired  therapeutic  effect.

30
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Dosage  regimen  considerations
• Use  of  pharmacokinetics,  or  the  kinetic  approach  .

• It  is  based  on  the  assumption  that  the  therapeutic  and  toxic  
effects   of  a  drug  are  related  to  the  amount  of  drug  in  the  body  
or  to  the  plasma  concentration  of  drug  at  the  receptor  site.

• Through  careful  pharmacokinetic  evaluation  of  a  drug’s  
absorption,  distribution,  metabolism  and  excretion  in  the  body  
from  a  single  dose,  the  levels  of  drug    attained  from  multiple  
dosing  can  be  estimated.

31
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When  one  considers  the  development  of  a  dosage  
regimen,  a  number  of  factors  that  should  be  considered

1) Inherent  activity,  i.e.,  pharmacodynamics,  and  toxicity,  i.e.,  
toxicology  of  the  drug.  

2) The  pharmcokinetics of  the  drug,  which  are  influenced  by  
the  dosage  form  in  which  the  drug  is  administered  to  the  
patient,  e.g.,  biopharmaceutical  considerations.
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3)  The  patient  to  whom  the  drug  will  be  given  and  
encompasses  the  clinical  state  of  the  patient  and  how  the  
patient  will  be  managed.

4)  Atypical  factors  may  influence  the  dosage  regimen.
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Factors  that  determine  a  dosage  regimen

34
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Dosage Regimen Considerations
The previous chapter mentions factors that 
can influence the dosage of a drug. It is not 
easy to determine how much drug and how 
often to administer it for a desired therapeu-
tic effect. There are two basic approaches to 
the development of dosage regimens. The 
first is the empirical approach, which entails 
administration of a drug in a certain quan-
tity, noting the therapeutic response and 
modifying the amount and interval of dos-
age accordingly. Unfortunately, experience 
with administration of a drug usually starts 
with the first patient, and eventually, a suf-
ficient number of patients receive the drug 
so that a fairly accurate prediction can be 
made. Besides the desired therapeutic ef-
fect, it is necessary to consider the occur-
rence and severity of side effects. Empirical 
therapy is usually employed when the drug 
concentration in serum or plasma does not 
reflect the concentration of drug at the re-
ceptor site in the body or the pharmacody-
namic effect of the drug is not related (or 
correlated) with drug concentration at the 
receptor site. Empirical therapy is used for 
many anticancer drugs that demonstrate 

effects long after they have been excreted 
from the body. It is difficult to relate the se-
rum level of these drugs with the desired 
therapeutic effect.

The second approach to the development 
of a dosage regimen is through the use of 
pharmacokinetics, or the kinetic approach. This 
approach is based on the assumption that the 
therapeutic and toxic effects of a drug are re-
lated to the amount of drug in the body or to 
the plasma (or serum) concentration of drug 
at the receptor site. Through careful phar-
macokinetic evaluation of a drug’s ADME 
after a single dose, the levels of drug attained 
from multiple dosing can be estimated. One 
can then determine the appropriateness of a 
dosage regimen to achieve a desired thera-
peutic concentration of drug in the body and 
evaluate the regimen according to therapeu-
tic response.

Pharmacokinetics is but one of a number 
of factors that should be considered in the 
development of a dosage regimen. Table 5.10  
illustrates a number of these. Certainly, an 
important factor is the inherent activity, 
that is, pharmacodynamics and toxicity. A 
second consideration is the pharmacokinet-
ics of the drug, which are influenced by the 

Table 5.10  FACTORS THAT DETERMINE A DOSAGE REGIMEN

ACTIVITY, TOXICITY  PHARMACOKINETICS

Minimum therapeutic dose

Dosage
Regimen

Absorption

Toxic dose Distribution

Therapeutic index Metabolism

Side effects Excretion

Dose–response relationships  

CLINICAL FACTORS OTHER FACTORS

Clinical State of Patient Management of Therapy  

Age, weight, urine pH Multiple drug therapy Tolerance–dependence

Condition being treated Convenience of regimen Pharmacogenetics–idiosyncrasy

Existence of other disease states Compliance of patient Drug interactions

  Life style factors, for example, 
diet, recreational drug use

Reprinted with permission from Rowland M, Tozer TN. Clinical Pharmacokinetics. 3rd Ed. Baltimore, MD: Lippincott 
Williams & Wilkins, 1995.
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Dosage	  regimen

Single	  dose

Pin	  worm	  
infection

Multiple dose

Cp in	  
therapeutic	  
window

35
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36

• 50mg	  of	  the	  drug	  
was	  given.

• In	  a	  8	  hr interval.

• Half	  life	  is	  12	  hrs.

• Amount	  of	  drug	  lost	  
per	  interval	  is	  
replenished	  when	  
the	  drug	  is	  dosed	  
again.

209

dosage form. The third factor focuses upon 
the patient to whom the drug will be given 
and encompasses the clinical state of the pa-
tient and how the patient will be managed. 
Finally, atypical factors may influence the 
dosage regimen. Collectively, all of these fac-
tors influence the dosage regimen.

The regimen of a drug may simply involve 
a single dose, as with pinworm medication, 
or may call for multiple doses. In the latter 
instance, the objective of pharmacokinetic 
dosing is to design a regimen that will con-
tinually maintain a drug’s therapeutic serum 
or plasma concentration within the therapeu-
tic index, that is, above the MEC but below 
the MTC.

Frequently, drugs are administered one 
to four times per day, most often in a fixed 
dose, for example, 75 mg three times daily 
after meals. As mentioned earlier, after a 
drug is administered, its level within the 
body varies because of the influence of all 
of the processes, ADME. A drug will ac-
cumulate in the body when the dosing in-
terval is less than the time needed for the 
body to eliminate a single dose. Figure 5.17 
illustrates the plasma concentration for a 
drug given by intravenous administration 
and oral administration. The 50-mg dose of 
this drug was given at a dosing interval of 
8 hours. The drug has an elimination half-
life of 12 hours. As one can see, with contin-
ued dosing, the drug concentration reaches 
a steady-state or plateau concentration. At this 
limit, the amount of drug lost per interval is 
replenished when the drug is dosed again. 
Consequently, the concentration of drug in 
the plasma or serum fluctuates. Thus, for 
certain patient types, it is optimal to target 
dosing so that the plateau concentration re-
sides within the therapeutic index of a drug 
to maintain a MEC. For example, the asth-
matic patient maintained on theophylline 
must have a serum concentration between 
10 and 20 mg/mL. Otherwise, the patient 
may be susceptible to an asthma attack. 
Thus, when dosing the asthmatic patient, 
it is preferable to give theophylline around 
the clock four times daily to sustain levels 
at least above the MEC. If this medicine is 
administered only every 4 hours during the 

waking hours, it is possible that the mini-
mum concentration will fall below effective 
levels between the bedtime dose and the 
morning dose. Consequently, the patient 
may awaken in the middle of the night and 
have an asthma attack.

Patients can be monitored pharmacoki-
netically through appropriate plasma, se-
rum, or blood samples, and some hospital 
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FIGURE 5.17 Plasma concentration of a drug given 
intravenously (top) and orally (bottom) on a fixed dose 
of 50 mg and fixed dosing interval of 8 hours. The half-
life is 12 hours. The area under the plasma concentra-
tion–time curve during a dosing interval at steady 
state is equal to the total AUC for a single dose. The 
fluctuation of the concentration is diminished for oral 
administration (half-life of absorption is 1.4 hours), but 
the average steady-state concentration is the same as 
after intravenous administration, since f = 1. (Adapted 
with permission from Rowland M, Tozer TN. Clinical 
Pharmacokinetics. 3rd Ed. Baltimore, MD: Lippincott 
Williams & Wilkins, 1995.)
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Example on  dosage  regimen
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Theophylline  dosage  regimen
• Theophylline  plasma  conc  in  asthmatic  patient  must  be  between  
10  and  20  μ  g/mL.

• It  is  preferable  to  give  theophylline  around  the  clock  four  times  
daily to  sustain  levels  at  least  above  the  MEC.

37
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Theophylline  dosage  regimen
• If  this  medicine  is  administered  only  every  4  hours  during  the  
waking  hours,  it  is  possible  that  the  minimum  concentration  will  
fall  below  MEC  between  the  bedtime  dose  and  the  morning  
dose.

• Asthma  attacks  at  night

38
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Pharmacokinetic  dosing  services?
• Maximize  drug  efficacy,

• Minimize  toxicity,

• Keep  health  care  costs  at  a  minimum.

39
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Pharmacokinetic  dosing  services?
• After  physician  prescribes  the  drug:

• Pharmacist  determines  the  sampling  time
• Interprets  the  results  
• Consults  with  the  physician  regarding  subsequent  dosages.

40
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Questions
1．What  are  general  principles  of  drug  absorption？
2．Write  Henderson-Hasselbalch  equation  and  
explain  it.
3．What  is  Noyes-Whitney  equation?  
4．What  factors  could  affect  drug  absorption?
5．Describe  the  routes  of  drug  administration  and  
their  characteristics？
6．What  is  biotransformation？What  are  the  
biochemical  mechanisms  of  biotransformation?
7．Explain  shortly  about  one  compartment  model  
and  two  compartment  model？
8．How  to  develop  dosage  regimens？


