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pharmacology 

The study of drugs ( Greek pharmacon: drug)  



DEFINSION 

PHARMACOLOGY : 

  is the science dealing with 
interactions between chemicals 
( drugs ) and  living systems. 
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Drug 

It is the single active chemical entity 

present in the medicine that is used for 

diagnosis , prevention , treatment 

and cure of disease . 

It is a chemical substance that interact 

with living system to produce 

response  

 



DEFINSION 

MEDICAL PHARMACOLOGY 
The science of substance used to 
prevent, diagnose, and treat disease. 

TOXICOLOGY: 

 IS that branch of pharmacology that 

deals with the undesirable effects of 
chemicals in biological system.  



DEFINSION 

CHEMOTHERAPY : 

study of drug capable of destroying 
invading organisms without effect host 
cells 
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Clinical  pharmacology  

Scientific study of drug in man  

Pharmacodynamic 

Pharmacokinitics 

  

Evaluation of efficacy and safety 



Routes of Drug Delivery 

Parenteral 

(IV) 
Inhaled 

Oral 

Transdermal 

Rectal 

Topical 

Parenteral 

(SC, IM) 
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Routes of drug administration 

Most drugs can be administered by a variety of 
routes. 

Factors that effect on  choice of route of drug 
administration : 
1-physical and chemical properties of drug 

2-site of desired action 

3-rate and extent of absorption of drug 

4- effect of digestive juice and first pass metabolism 

5-rapidity of response  

6-accuracy of dose  required 

7-condition of the patient 
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Routes are divided into: 
 

     local  action 

   systemic action  
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Local routes 

Can be used only for localized areas 

at accessible sites , so high 

concentration are attained at the 

desired site without exposing the 

rest of the body. 
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Local routes are 

1- topical: external application of the drug to the 

surface for localized action  

 

2- deeper tissues e.g. intrathecal injection 

 

3-arterial supply e.g. intra-arterial injection 
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Systemic routes 

Drug is indented to be absorbed  into blood 

stream and distributed all over the body through 

circulation: 

1-oral: safe and more convenient 

2- sublingual or buccal:are placed under thee 

tongue , only lipid soluble and non irritating 

drugs can be administer ,absorption in minutes   
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Cont. 

3- rectal suppositories or retention enema for 
systemic effects 

4- cutanuous for highly lipid soluble drugs   

    applied over the skin for slow absorption   

5- inhalation for volatile liquids and gases  

6-nasal through mucous membrane of the nose  

7- parenteral by injection that take the drug   

    directly into tissue fluids or blood  it include: 

    SC , IM , IV , ID 



Drug dosage forms 

 Oral 

 Injectable (parenteral) 

– Subcutaneous 

– Intramuscular 

– Intravenous 

– Spinal 

 Topical 

 Inhalational 



Examples of Drugs Forms 

 Oral 

– Tablet; Capsule; Pill; Liquid 

 Injection 

– liquid 

 Topical 

– Paste; Suppositories; Ointment; Powder 

 Inhalational 

– Gas; liquid aerosol; dry powder aerosol 



DRUG- BODY 

INTERACTION 

Interaction divided into 2 classes : 

1- Pharmacokinetic phase- 

 

2- Pharmacodynamic phase- 
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Dose Administered 

Circulation 

Absorption 

Tissue Kidneys/ 
Liver 

Distribution 

Elimination 

Drug at Effect Site 

Efficacy Adverse Events 

Metabolism 



1- Pharmacokinetic phase 

 Describes how the body works on drugs 

and consists of four major processes; 

 Absorption. 

 Distribution. 

 Biotransformation (metabolism). 

 Excretion. 
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PHARMACOKINETICS 

i:e Is the study of drug movement in , through and 
out of the body 

It is consideration determine: 

 -route of administration 

 - dose  

 - onset 

 -peak time 

 -duration 

 -frequency of administration 
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Cont. 

All kinetic process involve transport of drug 

across biological membrane which are 

bilayer of phospholipids and cholesterol 

molecules  

The drugs are transported across the 

membranes by  

  1- passive diffusion and filtration  

  2- specialized transport 



23 



What Happens After 

Drug Administration? 
Drug at site  

of administration 

Drug in plasma 

Drug/metabolites 

in urine, feces, bile 

Drug/metabolites 

 

in tissues 

1. Absorption 

2. Distribution 

4. Elimination 

3. Metabolism 
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Absorption 
 Absorption: 

    Is transfer of a drug from its site of administration to 

bloodstream . 

    The rate and efficiency  of absorption depend on the rout of 

administration . 

1- passive diffusion : the drug moves from a region of 

high concentration to lower concentration. And not involve 

carrier . 

    the majority of drugs gain access to the body by this 

mechanism . 

    Lipid soluble  drugs readily move across most biological 

membrane whereas water – soluble drugs penetrate the cell 

membrane through aqueous channels or pores .   



2- Active transport :  
    Its capable of moving drugs against a 

concentration gradient ( from low concentration 

drug to higher concentration ) 

    The drug need specific carrier proteins to cross 

membrane .  

   Is energy – dependent (ATP)  

3- Endocytosis and exocytosis 
    for large size the cell membrane  

    eg vit B12 (Endocytosis)  

    certain neurotransmitter eg norepinephrine  

 





Factors Affecting Drug 

Absorption 

 Transport 

 active vs. passive 

 pH 

 Physical factors 

 blood flow 

 surface area 

 contact time 

 

ATP 

ADP 

 + Pi 

A- 

BH+ 



FACTORS AFFECT DRUG 

ABSORPTION 

 PH 
 Drug are either weak acid or weak 

base  

 Weak acid 

 HA          H + + A- 

 Weak base 

BH+                B+H+ 





pH of the medication 

 The pH of the tissues at the site of 

administration and the dissociation 

constant (pKa) of the drug will determine 

the amount of the drug present in the 

ionized state ( water soluble ). 

 This amount will determine the easy with 

which the drug will penetrate or travel 

through the tissues.    



Lipid  soluble 

Water soluble 
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Cont. 

Drugs pass through ,membrane more easy if 

it is uncharged (not ionized) i.e (HA) and 

(B) , while charged (ionized ) one can not 

passes and the ratio between charged and 

uncharged is determined by PH at site of 

absorption and by the strength of acid and 

base i.e (pka) 
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Cont. 

Pka : is the negative logarithm of acidic 

dissociation constant of the weak 

electrolytes , so it is a measure of the 

strength of the interaction of a compound 

with a proton  

The lower pka of drug the stronger the 

acid ,conversely the higher pka the 

stronger the base 
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Cont. 

e.g. in case of infection low PH (acidic tissue) 

cause less effect of L.A (weak base) 

 note:  

   one scale change in PH cause 10 folds  change in 

ionization 
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Cont. 

e.g. acidic drug (aspirin) unionized at acid gastric  

PH and absorped from stomach 

   

e.g. acidic drugs are ionized more in alkaline urine 

so not diffuse back in the kidney i.e faster 

excreation  
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2.PHYSICAL FACTOR 

 A-Blood flow 

 

 B-Total surface area 

 

 C-Contact time at aborption surface 



 A-Blood flow to the absorption site  
Blood flow to intestine is much greater than stomach 

thus absorption from intestine is favored over that 
from the stomach .  

  

B-Total surface area 
The  intestine has a surface rich in microvilli thus the 

absorption of drug across the intestine is more 
efficient   

  

C-Contact time at absorption surface 
 If drug moves through the GI tract very quickly, as in 

sever diarrhea ,it is not well ab C-Contact time at 
aborption surface sorb Conversely , anything that 
delays the transport of the drug from the stomach to 
the intestine delays the rate of absorbtion of the drug.    



 
BIOAVAILABIITY 

 Definition: 
– Fraction of a drug that reaches systemic 

circulation after a particular route of 
administration eg if 100mg of a drug are 
administered orally and 70 mg of this drug 
are absorbed unchanged , the bioavailability 
is 0.7 or 70 % 

 
– Bioavailability = 
=AUC  ORAL *100/ AUC injection    

 

         
 



 
BIOAVAILABIITY 
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Injected Dose 

Oral Dose 



 
BIOAVAILABIITY 

Affected by: 

– 1-  1st pass metabolism (eg: Lidocaine, 

–  2- Solubility  

– 3-  Instability (eg: Penicillin G, insulin) 

–4-nature of drug formation 



 1-  1st pass metabolism (eg: Lidocaine,) 

 When a drug is absorbed across the GIT , it enters 
the portal circulation before entering the systemic. 

 If the drug is rapidly metabolized by the liver , the 
amount of unchanged drug that reach to the 
circulation is decrease . Many drugs such as 
propranolol or lidocaine undergo significant 
biotransformation during passage through the liver 
.   

    



First Pass Metabolism 
Occurs Primarily in the 
Liver and Gut 



 2- Solubility 

  very hydrophilic drugs are poorly 
absorbed because of their inability to 
cross the lipid – rich cell membranes. 

 

   highly lipid soluble drugs easily cross 
cell membrane .      



 3- Instability 

 some drug such as Penicillin G, are unstable in 
PH of the gastric content  

 insulin destroyed in the GIT  by destroy by 
enzyme 

 4-nature of drug formation 

    drug absorption may be alter by  factor 
unrelated to the chemistry of the drug eg 
particle size , salt form , enteric coated 
dispersing agents  



II. Drug distribution 

 Is the process by which a drug 
reversibly leave the blood 
stream and enter the 
interstitium and or the cells of 
the tissues. 
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What Factors Affect Distribution? 

I- Blood flow in brain,liver, kidney is grater than 

the skeletal  muscle .  
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What Factors Affect Distribution? 

 

II-  Capillary permeability  

The basement membrane in liver 

allows drug  to exchange 

Endothelial cells 

in liver capillary 

Endothelial cells 

in brain capillary Glial cell 
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While in the brain , the capillary structure is 

continuous and there are no slit junction ,the 

tightly juxtaposed cells form tight junction that 

constitute the so called blood brain barrier   

Drugs enter to brain must pass through the 

endothelial cells of the capillaries of the CNS 

or by active transported.  

 Lipid soluble drugs readily penetrate into the 

CNS  while ionized or polar drugs generally fail 

to enter of the CNS 

 



 C- Drug structure 
The chemical structure is influence for ability of drugs 

to cross cell membranes . Eg hydrophobic drugs , 
no net charge , readily move across most biologic 
membrane . These drug can dissolve in the lipid 
membranes ,therefore , permeate the entire cells 
surface . By contrast hydrophilic drugs + or – 
charge , do not readily penetrate cell membrane , 
therefore , must go through the slit junction .  



  3-Binding to proteins role of albumin 

  Drugs bind differentially to 
albumin 

 Reversible  binding to plasma 
proteins sequesters drugs in non 
diffusible form and slows their 
transfer out of the vascular 
compartment . Binding is relatively 
nonselective as to chemical 
structure. Plasma albumin is the 
major drug binding portions and 
may act as a drug reservoir, that is 
, as the concentration of the free 
drug decreases due to elimination 
by metabolism or excretion , the 
bound drug dissociates from protein 
this maintains the free- drug 
concentration as a constant fraction 
of the total drug in plasma   .   

 

warfarin 

Drug X 

Albumin 
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Cont. 
 Drug molecules may bind to plasma protein 

(albumin). Bound drug are pharmacologically 

inactive ,only the free ,unbound drug can act on 

target site in the tissue , elicit biological response , 

and then elimination .  

  Binding capacity of albumin 

 the binding of drugs to albumin is reversible and 

may show low capacity(one drug molecule per 

albumin molecule  ) or high capacity( number of 

drug molecule binding to a single albumin 

molecule)  
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cont. 
 

 Competition for binding between 

drugs 

The  drug with high affinity for albumin 

can be divided into 2 class  

       Class I: dose less than available 

binding sites (e.g: most drugs) eg 

warfarin 

Class II: dose greater than binding 

sites (e.g: sulfonamide antibiotic ) 

The problem: 

one drug may out-compete the other 

for the available  binding site 

(warfarin+ sulfonamide) leading to 

bleeding due to increase 

concentration of warfarin .  

 

 

warfarin 

Drug X 

Albumin 



Volume of distribution 

 Is a hypothetical volume of fluid into 
which the drug is dispersed.  

 Volume of distribution useful to 
compare the distribution of a drug 
with the volumes of the water 
compartment in the body. 



Volume of Drug 
Distribution 

 Drugs may distribute into any or 
all of the following 
compartments: 

– Plasma eg drugs has very 
large molecular weight or 
bind extensively to plasma 
portions. Thus trapped within 
the plasma .eg heparin  

Plasma 

(4 litres) 

 

Interstitial Fluid 

(10 litres) 

 

Intracellular Fluid 

(28 litres) 



– Interstitial Fluid (extracellular fluid ) 

– If drug has a low molecular weight but its hydrophilic , it 
can move through the endothelial slit junctions of the 
capillaries into the Interstitial Fluid. Eg aminoglycoside 
antibiotic   

– Intracellular Fluid 

 if a drug has a low molecular weight and hydrophobic , not 

only can move into interstitium through the slit junction , but 
it can also move through the cell membranes into the 
Intracellular Fluid eg ethanol 

- Other site  

- In pregnancy the fetus may take up drugs and thus increase 
the volume of distribution    

 

 



III. Drug Metabolism 
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Drug metabolism 

Drug biotransformation: mean chemical alteration 

of the drug in the body . 

The primary site of drug metabolism is liver . 

Other sites are kidney ,intestine , lungs and 

plasma  
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Cont. 

Metabolism of drug may lead to: 

1-inactivation of drugs or drug metabolites  

   e.g. lignocaine , paracetamol 

2-active metabolite from an active drug  

   e.g. diazepam ------ oxazepam 

          codeine ------- morphine 

3- activation of inactive drug : few drugs are inactive as 
such and need conversion in the body to one or more 
active metabolites ,such a drug is called a prodrug ,it is 
more stable and having better bioavailability  
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Inhibition of drug metabolism 

1-one drug can competitively inhibit the 

metabolism of another 

2- dose of drug will affect metabolism  

3- metabolism of drugs with high hepatic 

extraction is dependent on liver blood flow 
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Microsomal enzyme induction 

Many drugs increase  the synthesis of microsomal 

enzyme protein , especially cytochrome p 450  

and glucuronyl transferse , as aresult  rate of 

metabolim of inducing drug itself and / or  

other drugs is increaed.induction involves 

microsomal enzyme in liver as well as other 

organs and increase the rate of metabolism and 

lead to the following consequences : 
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Cont. 

1- decrease intensity and/or duration of action of 

drug that is inactivated by metabolism  

2- increase intensity of drug that activated by 

metabolism  

3- tolerance which is characterized by the need to 

increase the dose continually to achieve the 

desired effect 



III. Drug metabolism 

 Liver is the major site for drug metabolism but 
specific drugs may undergo biotransformation in 
other tissue such as the kidney and the intestines.   

 Lipid soluble drug undergo metabolism into more 
polar readily excretable products  



Reaction of drug  metabolism 

 the kidney cannot efficiently eliminate lipophilic drugs 

and reabsorbed in the distal tubules, therefore ,   
 lipid soluble drug must be first metabolize in the 
liver using tow general sets of reaction called:     
    Phase I 

Phase II 



Drug Metabolism 
(cont’d) 

Drug 

Phase I 

Phase II 

Oxidation 

Reduction 

Hydrolysis 

Activation/Inactivation 

Conjugation Products 

Glucuronidation 



An Example of Phase I 
and II 
Biotransformation: 

-OC2H5 CH3CON- 

             H 

-OH CH3CON- 

             H 

-O- CH3CON- 

             H 

-OH 

OH 

COOH 

HO 

O 

PHASE I 

PHASE II 

Phenacetin 

Paracetamol 

Glucuronic Acid 

Conjugate 



An Example of Drug 
Metabolism 



Phase I reaction 

Phase I reaction – (oxidation, reduction, 

hydrolysis) 

Generally, the parent drug is oxidized or reduced to a 
more polar metabolite by introducing or unmasking a 
functional group (-OH, -NH2, -SH) 

 

The more polar the drug, the more likely excretion will 
occur 

This reaction takes place in the smooth endoplasmic 
reticulum in liver cells (hepatocytes) 

 

 



 The oxidation proceeds by the drug binding to the 
oxidized form of Cytochrome P450  and then 
oxygen is introduced through a reductive step .  

 Cytochrome P450 system is important in the 
metabolism of many endogenous compounds 
(steroid , lipid )and for biotransformation of 
exogenous substrate .  



enzyme 450 Cytochrome P
sinduction 

 
– Stimulation of hepatic drug metabolism by some drugs 

– Enzyme inducers stimulate their own metabolism and 
also accelerate metabolism of other drugs 

– Ex of inducers:  phenobarbital, rifampin, phenytoin, 
carbamazepine, griseofulvin, cigarette smoking 

 



 
enzyme 450 Cytochrome P

inhibition 
 

 

– Some drugs may decrease the activity of hepatic 
drug-metabolizing enzymes 

– Could lead to increase levels of active drug in the 
body that lead to serious adverse effect .  

 

– Ex of inhibitors:  alcohol,, erythromycin,, oral 
contraceptives,cimetidin 

 



Phase II reaction 

 

– This involves coupling the drug metabolite with an 
endogenous substrate (glucuronic acid, sulfate, 
glycine, or amino acids) results in polar ,usually 
more water –soluble compounds that are most 
often therapeutically inactive .  

 

 
 

–Some parent drugs may already possess a 
functional group that may form a conjugate 
directly without prior Phase I reaction  



pass effect-First 

 

 

 

 Other drugs may be destroyed before 
absorption 

eg: penicillin  

 Such reactions decrease delivery to the 
target tissues 

 

– some drugs go straight from the GI 

tract to the portal system where they 
undergo extensive metabolism in the 
liver (ex: morphine, nitroglycerin) 
before entering the systemic circulation. 

 

 

 



First-pass Effect 



First Pass Metabolism 
Occurs Primarily in the 
Liver and Gut 



Example of First Pass 
Effect 



We are now talking about 
… 

Pharmacokinetics 



IV.  Excretion 

 
Elimination of unchanged drug or metabolite from the 
body – terminating its activity 

Drugs may be eliminated by several different routes:  

1.  urine. 

2. Feces. 

3.  exhaled air. 

4.  sweat. 

5.  saliva.  

6. Tears.  

7. milk 

Urine is the principle route of excretion 

 



MAJOR ORGAN OF DRUG 
EXCRETION 

1- KIDNEY: 

2- LIVER: 

3- GIT and lung 



MINOR ROUTE OF DRUG 

EXCRETION 

MILK GLAND 

SALIVARY GLAND 

SWEAT 
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Renal excretion 

Kidney is responsible for excreating all water 

souble substances  

 

Net renal excretion = glomerular filtration + 

                                    tubular secreation-  

                                    tubular reabsorption 



:renal excretion 

Three mechanisms for renal 
execration 
1.  Glomerular filtration – passive diffusion 

Small molecules water soluble, free drugs pass 
more readily.  
Note:  Drugs bound to plasma proteins do not pass 
through the glomerular filtration  

 

2.Tubular secretion - drugs which specifically bind to 
carriers are transported (ex: penicillin) 

 

3.  Tubular reabsorption – Small nonionic ( lipid 
soluble) drugs may diffuse out of the nephric lumen 
back into the systemic circulation  (ex: diuretics). 
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Glomerular filtration 

All non protein bound drugs presented to the 

glomerulus is filtered , thus glomerular filtration 

of drug depends on it is plasma protein binding 

and renal blood flow  

 

Glomerular filtration rate ~120 ml/min 
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Tubular reabsorption 

This depend on lipid soulability and ionization of drug at 
t5he existing urinary PH  

Lipid solubl drugs filtered at the glomerulus back diffuse 
passivly in the tubule 

Nonlipid soluble and highly ionized drugs are not chang 
in urinary PH affect tubular reabsorption of drug , so : 

Weak bases ionize more and less reabsorbed in acidic 
urine (acidification can done by NH4CL) 

Weak acids ionize more and are less reabsorped in 
alkaliner urin (alkalinization can be done by 
bicarbonate) e.g. barbiturate , salicylate  
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Tubular secretion 

Is the active transfer of drug across tubules which 

reduce concentration of it is free form in the 

tubular vessels and promotes dissociation of 

protein bound drug which again is secreted  
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Kinetics of drug elimination 

Drug eliminiation is the sum total of metabolic 

inactivation and excretion  

Kinetics of drug elimination provides the bases for 

dosage regimens and it is modificationm 

according to individual needs  

 

It includes: 



Clearance 

 
 

 The measure of the ability of the body to 
eliminate the drug 

 The rate of elimination is directly 
proportionate to drug concentration 
 

 CL = rate of elimination/concentration of drug 
in biologic fluid 

 
 CLsystemic = CLrenal + CLliver  + CLother 

 



Clearance 

– Half-life (t1/2) 

– The time required for the plasma concentration 
of a drug to be reduced by 50%(half of drug is 
eliminated). 

 Or the Time required to metobolize 1/2 of the 
original dose of the drug 

 Use of this terms helps in determining how long a 
drug will remain in the body 

 4 half-lives must elapse after starting a drug 
dosing regimen before full effects will be 
seen 
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First order kinetics 

The rate of elimination is directly proportional to 

drug concentration  

Clearance remain constant or aconstantt fraction 

of drug present in the body is eliminated in unit 

time. 
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Zero order kinetics 

-The rate of elimination remain constant 

irrespective of drug concentration  

- Clearance decreases with increase in 

concentration or a constant amount of the drug 

is eliminated in unit time 
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Cont. 

Kinetics changes from first to zero order at high 

doses and when the dose of drug is very large 

the enzyme is saturated by high free drug 

concentration and the rate of metabolism 

remains constant over time  
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Excretion continued 

Steady state-Occurs when the rate of drug’s administration equals 

its rate of excretion (occurs within about five half-lives) 

 

 

Loading doses-(drug can be injected as a single dose to achieve the 

desired plasma level rapidly  )utilized when a therapeutic level is 

desired quickly and an initial larger dose is administered followed 

by substantially smaller maintenance doses. (may increase risk of 

toxicity and adverse effects). 
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Excretion continued 

Steady state-Occurs when the rate of drug’s 

administration equals its rate of excretion (occurs within 
about five half-lives) 

 

 

Loading doses-(drug can be injected as a single dose to 
achieve the desired plasma level rapidly  )utilized when a 
therapeutic level is desired quickly and an initial larger 
dose is administered followed by substantially smaller 
maintenance doses. (may increase risk of toxicity and 
adverse effects). 
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the methods utilized 
for prolonging drug 

action? 
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answer 

1-by prolonging absorption from site of 

administration 

2-by increase plasma protein  bind 

3-by retarding rate of metabolism 

4- by retarding renal excretion 
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The Pharmacodynamic Phase 

 Describes the 

biochemical and 

physiologic action and 

effects of drugs in the 

body. 

 This phase occurs when 

the medication reaches 

the target cell, tissue, 

organ and a therapeutic 

effect occurs   



Model of Drug/Receptor 

Binding 



106 

Principles of drug action 
1-stimulation: selective enhancement of the level of activity  

of specialized  cells. 

2- depression :  selective diminution of activity of specialized 
cells. 

3-Irritation :  noxious effect applied to less specialized cells  

   and can result in diminution or loss of function  

4-replacement state :  use of drug in deficiency state 

   e.g. insulin in diabetes  

5-cytotoxic action:  selective action for parasites or cancer      
cells without affecting host cells    
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Mechanisms of drug action 

1-enzymes:are target of drug action ,drugs can 

either increase or decrease rate of enzymatically 

mediated reactions 

2-ion channels : drugs can affect ion channels 

either through specific receptors or by direct 

binding to the channels and affecting ion 

movement through it ,in addition ,certain drugs 

modulate opening and closing of the channel. 
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Cont. 

3- carriers :many drugs produce their action by 

direct interaction with carrier protein to inhibit 

the physiological transport of metabolite\ion 

4-receptores :are a  specialized target 

macromolecules present on the cell surface or 

intracellularly  that binds a drug and mediate its 

action 
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The amount of response is proportional to the no. 

of drug-receptor complex 

 

 

 

Drug + Receptor = complex            effect 



Pharmacodynamics 

 Receptor:  macromolecule or the 
component of a cell or organism that 
interacts with a drug and initiates the 
chain of biochemical events leading to 
the drug’s observed effects 
– Found in target cells or tissues 

– Determine the dose or concentration of 
drug required to form a significant of 
drug-receptor complexes. 

 



General Type  of Drugs 

Interactions 

AGONIST 
 A drug is binds to a receptor and causes a response 

or effect. Eg phenylephrine is an agonist at alph 1 – 
adrenoceptor  

    It has intrinsic activity = 1 

+ + + + + - 

- - -  + - -  

- - - 

+ + + 

Depolarization 





Antagonists 

ANTAGONIST 
 A drug is said to be an antagonist when it binds to a 

receptor and prevents (blocks or inhibits) a natural 
compound or a drug to have an effect on the 
receptor.   

 i:e Antagonist : prevent the action of agonist  

on receptor but dose not have any effect on 

its own 

 An antagonist has NO activity. Eg Prazocin 
(antihypertensive ) competes with the endogenous 
ligand norepinephrine at alph 1 – adrenoceptor.   

  Its intrinsic activity is = 0 

 

 



PARTIAL AGONIST 

 A drug is said to be a partial agonist when it 
binds to a receptor and causes a partial 
response. 

 i:e Partial agonist: activate a receptor to 
produce asubmaximal  effect but antagonizes 
the action of a full agonist 

 

 It has intrinsic activity < 1. 

 



Type of antagonist 

1- Pharmacological 
 .Competitive -A 

The antagonist reversibly competes for or displaces 
the agonist from the receptor. Since occupancy by 
an antagonist produces no response, the action of 
the agonist is blocked. Higher concentrations of 
agonist,     however, can overcome this 
competition and restore the full response.                 
                       



Competitive-Non-B 

The antagonist changes the receptor to decrease  .
the efficacy of the agonist  

or irreversibly blocks the agonist from combining 
with the receptor.  

 

       



Agonists and Antagonists 
PHARMACOLOGICAL  ANTAGONISTS 

 
a. Competitive 

They compete for the binding site 
• Reversible 

 

 

b. Non-competitive 

 Bind elsewhere in the receptor (Channel Blockers). 
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Competitive      **   non competitive 

1- antagonist binds with the 

same receptor as the agonist 

2-antagonist resembles 

chemically with agonist 

3-antagonist reduces affinity of 

agonist  

4-intensity depend on conc. Of 

both agonist and antagonist 

5-e.g. Ach - atropine 

1- bind to another 

 

2- not  

 

3-antagonist  reduces efficacy of 

agonist 

4-depend only on conc. Of 

antagonist  

5- diazepam - bicuculline 



2-Physiologic 

 

3-Chemical Antagonist 

 

   



Agonists and Antagonists 

2- Physiologic ANTAGONIST (functional ) 
 A drug that binds to a non-related receptor, producing an 

effect opposite to that produced by the drug of interest. 

antagonist by epinephrine to histamine induced 
bronchoconstriction   

 

 

 

 

 . Its intrinsic activity is = 1, but on another receptor 

Glucocorticoid Hormones     Blood Sugar 

Insulin              Blood Sugar 



Agonists and Antagonists 

3- Chemical ANTAGONIST 
 A chelater of similar agent that interacts 

directly with the drug being 
antagonized to remove it or prevent it 
from binding its receptor. 

 

Heparin, an anticoagulant, acidic 

If there is too much  bleeding and haemorrhaging 

Protamine sulfate is a base.  It forms a stable 

inactive complex with heparin and inactivates it. 
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synergism 

 Greek : work together 

 When the action of one drug is facilitated or increased by the 
other  

 It can be: 

    1- Additive e.g. aspirin + paracetamol 

        drug  A+drug B = effect of A + effect of B 

     2-  supra – addative (potentiation):the effect of combination is 
greater than indiviual effect 

     e.g.adrenaline +cocaine 

Effect of drug A+B >effect of drug A + effect of drug B 

  



Types and location of 
receptors 

1-type I :on external surface of cell like 
catechol amine. 

2-type II: in cytoplasm of cell like 
steroid hormones 

3-typeIII: in nuclease  like thyroid 
hormones 



DOSE-EFFECT 
RELATIONSHIP 

The intensity and duration of a drug’s 

effects are a function of the drug dose 
and drug concentration at the effect site 



Drug Concentration 
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Dose-Effect Endpoints 

Graded 

Quantal 

• Continuous scale (dose  effect) 

• Measured in a single biologic unit 

• Relates dose to intensity of effect 

• All-or-none pharmacologic effect 

• Population studies 

• Relates dose to frequency of effect 



Therapeutic index 

 Is the ratio of the dose that produce 
toxicity to the dose that produce 
effective response 



Therapeutic Indices 

0 

0 

Therapeutic Index   = TxD 50 

                                         ED 50 
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Drug effects cont. 

  

Efficacy of a drug 

 refers to the maximal effect produced by a drug, it 
depend on the number of drug-receptor complexes  

Formed 

Additional doses produce no further beneficial effects 

this concept is called ceiling dose 



Drug effects cont. 

  

Potency of a drug  

is the dose of drug which required to produce 
response. 

Potency is influenced by absorption, distribution, 
biotransformation, excretion, and ability to 
combine with receptors.   

 Or  defined as the relative pharmacological activity 

of dose of drug compared with a dose of a different 

drug producing the same effect  

 

 



Concept of Potency 

 Comparison of different drugs at the 
same dose  to determine which is 
stronger 
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Affinity  

When a drug molecule moves so close 

to it is receptor that the attractive force 

between them becomes great enough 

to over come the random motion of 

drug molecule  ,the drug binds to the 

receptor 
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 Note:  

     potency is related to affinity of drug to it is 

receptor , where as efficacy is related to the 

intrinsic  activity of the drug once a drug-

receptor complex is formed 



Factor  affecting the safety 
and effectiveness of drug 

A-host related  factor 

 

 

B-drug related factor 

 



A-host related  factor 

1-biological variation include 

     tolerance 

    cross-tolerance 



 Tolerance : 

 is characterized by the need to 
increase the dose continually to 
achieve the desired effect due to 
decrease response by the time. 



A-host related  factor 

2- age (weight and surface area) 

In chilidren 

– Size of body are small 

– Have lower albumin and renal blood flow 

– Have lower GFR 

 In old age 

.- decrease in body weight 

- Low blood flow 

- Impaired hepatic function 



•A-host related  factor 

3-bioavailability 

 

4-allergy 

 Is an immunological mediated adverse reaction to 
chemical resulting from previous sensitization to 
that chemical . Allergy not doses related because 
allergic reaction may result from exposure to 
relatively low doses .    

 



5- Idiosyncrasy 

idiosyncratic response 
Some  people has deficient in G 6 
phosphate dehydrogenase so  
when taken antimalarial drug 
(primaquine) cause genetic 
abnormality and result hemolytic 
anemia . 

 

 



B-drug related factor 

1-side effect 

2-secondary effect 

3-toxic effect 

4-interaction with other drug 



Other Dose-related Terms 

 Maximal Effect: greatest response that 
can be produced by a drug, above 
which no further response can be 
created (sometimes called “peak 
effect” 

 Onset: how long before a drug is able 
to exert a therapeutic effect 

 Duration: how long a drug effect lasts 



145 

Adverse drug effects 

Is any undesirable effects of drug  

administration. 

- Predictable (type A ):depend on 

pharmacological properties of drug  

- Unpredictable (type B):depend on patient 
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Severity of adveres effects graded as: 

 Minor : no therapy 

 Moderate: change the drug therapy 

 Sever :need medical Rx 

 Lethal :lead to death 
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