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•What is a Drug?
• A chemical substance of known structure, other than nutrients or 

essential dietary ingredients, which, when administered to a living 
organism, produces a biologic effect

•What is a Medicine
• A chemical preparation, which usually, contains one or more drugs, 

given intentionally to have a therapeutic effect

•Pharmacology
• The study of the effects of drugs on the function of living systems
ØClinical pharmacology
ØToxicology



Pharmacology today with its various subdivisions
Interface disciplines (brown boxes) link pharmacology to other mainstream biomedical disciplines (green boxes)



Pharmacology (pharmakon = drug
logos = the study of )

• Pharmacodynamics: how drugs, alone and in
combination, affect the body (young, old, well, sick).
• Pharmacokinetics: absorption, distribution, metabolism, 
excretion or how the body – well or sick – affects drugs.



What the body does to a drug

Pharmaokinetics



General Concepts
Drug Dose

Administration

Drug Effect
or Response

Pharmacotherapeutics

Pharmaceutical Disintegration-
Dissolution

Pharmacokinetics Absorption/distribution
metabolism/excretion

Pharmacodynamics Drug/Receptor
Interaction



Routes of Drug Administration
1-Enteral 
I- Oral
a- Enteric-coated preparations
b- Extended-release preparations

II- Sublingual
2- Parenteral

I- Intravenous (IV)
II- Intramuscular (IM)
III- Subcutaneous (SC)

3- Other
I- oral inhalation
II- nasal inhalation
III- intrathecal / intraventricular
IV- topical 
V- transdermal
VI- rectal



Parenteral Administration:

a- Intravenous administration
b- Intramuscular administration
c-Subcutaneous administration



a- Intravenous administration

I- Advantages
II- Disadvantages



b- Intramuscular administration

I- aqueous solutions
II-specialized depot preparations
e.g medroxyprogesterone



c-Subcutaneous administration



Other Routes
•Oral inhalation
• Nasal Inhalation
• Intrathecal / intraventricular
• Topical
• Transdermal
• Rectal



Transdermal Patch
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Nevertheless , a  bas ic knowledge is  essential for under�
standing many aspects  of drug handling and the rational 
prescribing of drugs :
■  why oral and intravenous  treatments  may require differ�

ent doses ,
■  the interval between doses  during chronic therapy,
■  the dosage adjus tment that may be necessary in hepatic 

and renal disease,
■  the calculation of dosages  for the very young and the 

elderly.

GENERAL CONSIDERATIONS
The processes  of drug absorption, dis tribution, metabolism 
and excretion are described in mathematical terms  as  it is  
important to quantify the rate and extent to which the drug 
undergoes  each process .

For nearly all phys iological and metabolic processes  the 
rate of reaction is  not uniform but proportional to the 
amount of subs trate (drug) available: this  is  described as  a 
f rst-order reaction. Diffus ion down a concentration gradi�
ent, glomerular  ltration and enzymatic hydrolys is  are 
examples  of  rs t�order reactions . At higher concentrations , 
more drug diffuses  or is   ltered or hydrolysed than at lower 
concentrations . Protein�mediated reactions , such as  
metabolism and active transport, are also  rs t�order, 
because if the concentration of the subs trate is  doubled 
then the rate of formation of product is  also doubled. 
However, as  the subs trate concentration increases  the 
enzyme or transporter can become saturated with subs trate 
and the rate of reaction cannot respond to a further increase 
in concentration. The process  then occurs  at a   xed 
maximum rate independent of subs trate concentration, and 
the reaction is  described as  a zero-order reaction; examples  
are the metabolism of ethanol (Ch. 54) and phenytoin (Ch. 
23). When the subs trate concentration has  decreased suf�
 ciently for protein s ites  to become available again, then 
the reaction will revert to  rs t�order.

Ze ro-ord e r re a c t ion s
If a drug is  being processed (absorbed, dis tributed or elimi�
nated) according to zero�order kinetics  then the change in 
concentration with time (dC/d t) is  a   xed amount per time, 
independent of concentration:

 d
d
C
t

 k= −  (2.2)

The units  of k (the reaction rate cons tant) will be an amount 
per unit time (e.g. mg�min−1). A graph of concentration 
agains t time will produce a s traight line with a s lope of −k 
(Fig. 2.14A).

Firs t -ord e r re a c t ion s
In  rs t�order reactions  the change in concentration at any 
time (dC/d t) is  proportional to the concentration present at 
that time:

 d
d
C
t

 kC= −  (2.3)

almos t 200 Da, so bile is  an important route for eliminating 
glucuronide conjugates . Once the drug or its  conjugate has  
entered the intes tinal lumen via the bile (Fig. 2.13) it passes  
down the gut and may eventually be eliminated in the 
faeces . However, some drugs  may be reabsorbed from the 
lumen of the gut and re�enter the hepatic portal vein. As  a 
result, the drug is  recycled between the gut lumen, hepatic 
portal vein, liver, bile and back to the gut lumen; this  is  
described as  enterohepatic circulation. Some of the reab�
sorbed drug may escape hepatic extraction and proceed 
into the hepatic vein, maintaining the drug concentrations  
in the general circulation.

Highly polar glucuronide conjugates  of drugs  or their 
oxidised metabolites  that are excreted into the bile undergo 
little  reabsorption in the upper intes tine. However, the bac�
terial  ora of the lower intes tine may hydrolyse the conju�
gate, so the original, lipid�soluble drug or its  metabolite may 
be reabsorbed and undergo enterohepatic circulation 
(Fig. 2.13).

THE MATHEMATICAL BASIS OF 
PHARMACOKINETICS

The use of mathematics  to describe the fate of a drug in 
the body can be complex and daunting for undergraduates . 

Fig . 2.13 Enterohepatic c irculation of drugs . Drug 
molecules  may circulate repeatedly between the bile, gut, 
portal circulation, liver and general circulation, particularly 
if the drug conjugate is  hydrolysed by the gut  ora. 
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