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Areas of Pharmacology

Pharmacodynamics:
Is what the drug does to the body, which 
includes the biochemical and physiological 
effects of the drug, including the mechanism of 
action, interaction with receptors as well as the 
adverse effects.
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Areas of Pharmacology

Pharmacokinetics:
• Is what the body does to the drug.
• Deals with absorption, distribution, 

biotransformation and excretion of drugs:
1. Absorption: Is the movement of drug molecules 

from the site of administration into the circulation.
2. Distribution: Is the movement of drug molecules 

from the circulation to tissues and between different 
parts of the body.
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Areas of Pharmacology

3. Biotransformation: Is conversion of the drug from 
one chemical structure into another by the action of 
metabolic enzymes (metabolism).

4. Excretion: Is the movement of drug molecules out 
of the body.

4
































































Pharmacokinetics & Pharmacodynamics

Dosage form

Disintegration

Dissolution
absorption

Drug in the systemic circulation
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Drug Disposition
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Primary Principles
• The goal of therapeutics is to achieve a desired 

beneficial effect with the minimal adverse 
effects possible.

• The clinician must determine the dose that 
most closely achieves this goal.

• A fundamental hypothesis of pharmacology is 
that a relationship exists between a beneficial 
or toxic effect of a drug and the concentration 
of the drug at the site of action (or in the 
blood).
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why do we need to study pharmacokinetics











to achieve a desired beneficial effect with the minimal adverse effects 
possible. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

why do we need to study pharmacokinetics
I

How is that related to pharmacokinetics

So the thing is pharmacokinetics let us know the
concentration

of thedrug in the plasmawhich is proportional to thecone

at the action site which finally lead us to the therapeutic

doses that is enough to treat thedisease with theminimal
adverts

effect

mindyouthat we can'tever know the
Conc at theaction site

secange imaginehowmany receptors there is for a singledrag

P k plasma conc action site conc

therapeutic doses beneficial effect

Anything that can be prevented
should be

so ifyou canprevent
the adverse reaction thenyoushouldby

not exceeding the therapeutic concentration whichrequiresnotexceeding

the therapeuticdose



Mechanisms of Permeation of Drug 
Molecules

• The drug has to reach the site of action in 
order to be effective.

• The movement of the drug between 
compartments requires passage through 
membranes.

1. Lipid diffusion (Passive diffusion):
• The most important mechanism.
• The drug dissolves in the membrane.
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bycrossingseveralmembranesandlayersfromthesiteofadministration circulation
actionsite metaboliseyretio

How
Thecellmembrane
is asemifluid phospholipid
membrane
so if thedrugislipid
solubleitwilldiffuse
easily



Mechanisms of Permeation of Drug 
Molecules

• The more lipid soluble is a drug the more will 
be the passage across membranes, and vice 
versa.

• The drug has to be sufficiently water soluble 
to reach the membrane.

• The drug follows the concentration gradient.
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But ifthedrug is very lipidsoluble itmaynotreachthemembranewhy

so it shouldbepartiallylipidsolubleandpartially
withmoreofitbeinglipidsoluble

Thedifferenceinconcentrationacrossthemembrane

edrugwill move fromtheareaofhighconc tothearea of low conc
Therewill never beequilibriumbetweenthetwocompartments Becauseof the
bloodflow thatwashesthedrugout tocirculation sothere'salwaysaconcgradient



Fick’s Law of Diffusion

• Governs passive flux of molecules across 
membranes.

• Flux (molecules/unit time) =
C1-C2 x [(Area x Permeability coefficient)/ Thickness]

C1 is  the higher concentration and C2 is the lower 
concentration; area is the area across which diffusion occurs; 
permeability coefficient is a measure of the mobility of drug 
molecules in the medium of diffusion path; and thickness is the 
thickness or length of diffusion path.

10

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

blood11 a s ng

Flux passageof
themoleculesperoni

time
constant

ca cagongnitration

Tnum oflayers
athickness
Aabsorption

9Area Pabsorption That'swhydrugsareusuallygivenorallyratherthan
nasally considering thehugeareaof GI tract in
comparsion to thenasalcavity



Mechanisms of Permeation of Drug 
Molecules

• Most drugs are either weak acids or weak 
basis. 

• Therefore the pKa of the drug and the pH of 
the medium will affect lipid solubility of the 
drug and its passage across membranes.

• Ionized drug molecules are polar and water 
soluble, whereas unionized drug molecules 
are nonpolar and lipid soluble.
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comparsion to thenasalcavity

Talkingaboutthewaterandthelipidsolubilityofthedrug weshouldknow

SoTheirIonization ismediatedby pitofthe
mediumandthevalue
ofpkaofthedrug

ASweSaidbeforeaccording to pkaPH thedrugwillbepartiallyionized

oft crossesthemembrane
Cross
he
membraneX itonlyreachesthemembrane



Mechanisms of Permeation of Drug 
Molecules

Ionization of weak acids and basis:
• A weak acid is a neutral molecule that can 

reversibly dissociate into an anion (negatively 
charged molecule) and a proton (a hydrogen 
ion).
R-COOH  R-COO- + H+
Lipid soluble water soluble
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pdonatesprotons

Reversiblereaction
Thedirection of thereactiondepends onthepHofthe

medium



Mechanisms of Permeation of Drug 
Molecules

• A weak base is a neutral molecule that can 
form a cation (positively charged molecule) 
by combining with a proton.

R-NH3
+ R-NH2 + H+

Water soluble Lipid soluble
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isacceptsprotons

ionized form unionized



Mechanisms of Permeation of Drug 
Molecules

• These reactions move to the left in an acid 
environment and to the right in an alkaline 
environment.

Henderson-Hasselbalch Equation:
Log [protonated/unprotonated] = pKa – pH

• This equation applies to both acidic and basic 
drugs.
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10 ofthedrug ofthe
medium



 
 
 
 
These reactions move to the left in an acid environment and to the right 
in an alkaline environment. 
 
 

I

µ

The

FifthecquilbriuminIIIandbase
ionization

reaction move to the left at lowpit value and
to theright

at highpit value

Acid in an acid environment

pka ofthedrug pH more H content protonated unionized

reaction moves to the left

R CooH RCOO At
protonated

Base in an acid environment

p ka pH more it t content
protonated ionized

reaction moves to the left

RNH
T

R NAz At
protonated



Acid in alkalineenvironment

pka s pH less At content
deprotonated ionized

to the right

RCOOH Is RCOO
At

deprotonated

Base in alkaline environment

pka s pH less At content
deprotonated unionized

to the right

RNAs R NAz At
deprotonated

protonated acid unionized deprotonatedacid ionized

protonated Base ionized deprotonated Base unionized



Mechanisms of Permeation of Drug 
Molecules

Examples:
1. Pyrimethamine as a weak base drug with a 

pKa of 7.0.
What is the proportion of ionized and 
unionized drug in blood (pH = 7.4) and urine 
(pH = 6)?
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Mechanisms of Permeation of Drug 
Molecules

• Blood:
Log (prot/unprot) = pKa – pH =7-7.4 = - 0.4
Prot/unprot = 10-0.4 = 0.4:1 = 0.4/1.4

• Urine:
Log (prot/unprot) = pKa – pH =7-6 =1
Prot/unprot = 101 = 10:1 = 10/11.

16

49 it canpassthroughmembraneacidicenv

watersoluble can'tcross

membrane



Mechanisms of Permeation of Drug 
Molecules

2. Phenobarbital is a weak acid with a pKa of 
7.4.
What is the proportion of ionized and 
unionized drug in blood (pH = 7.4) and urine 
(pH = 6)?
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Mechanisms of Permeation of Drug 
Molecules

• Blood: 
Log (prot/unprot) = pKa – pH

= 7.4-7.4 = 0
Prot/Unprot = 100 = 1:1 =1/2

• Urine:
Log (prot/unprot) = pKa – pH

= 7.4 – 6 = 1.4
Prot/Unprot = 101.4 =25:1 = 25/26 
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halfionizedhalfunionized

moreunionized
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Mechanisms of Permeation of Drug 
Molecules

• The lower the pH relative to the pKa, the 
greater will be the fraction of the drug in the 
protonated form.

• Acids in an acid environment are unionized 
(non-polar).

• Bases in an alkaline environment are 
unionized (non-polar).
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trueforbothacidsandBases



Mechanisms of Permeation of Drug 
Molecules

• The protonated weak acid is neutral and 
more lipid soluble.

• The unprotonated weak base is neutral and 
more lipid soluble.

• In an acid environment, the acidic drug is 
neutral while the basic drug is ionized.

• In an alkaline environment, the acidic drug is 
ionized while the basic drug is neutral.
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Mechanisms of Permeation of Drug 
Molecules

Application:
Manipulation of drug excretion by the kidney:
• If the drug is filtered in urine in unionized 

form, it will be reabsorbed by renal tubules.
• If we want to accelerate excretion of drug 

from the body (in case of overdose), it is 
important to ionize the drug within the renal 
tubules to reduce reabsorption. 
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caseofhaving acidicdrug thatis toxicand isexcretedpartially in urine it can be
eliminatedby alkalization of

urine using properagent likeGaltcozy
in the case of toxic Basicdrug it's eliminatedby acidificationofurine



Mechanisms of Permeation of Drug 
Molecules

• This can be accomplished by changing urine 
pH.

• Weak acids are excreted faster in alkaline 
urine. Urine can be alkalinized by sodium 
bicarbonate (NaHCO3) given orally or 
intravenously.

• Weak basis are excreted faster in acidic 
urine. Urine can be acidified by ascorbic acid 
(vitamin C) or ammonium chloride (NH4Cl). 23
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Mechanisms of Permeation of Drug 
Molecules

2. Aqueous diffusion:
• Through aqueous pores in membranes.
• Occurs within the larger aqueous 

compartments of the body (Interstitial space, 
cytosol, etc), across epithelial membranes 
tight junctions, and the endothelial lining of 
blood vessels.

• Also driven by the concentration gradient.
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Mechanisms of Permeation of Drug 
Molecules

• Drugs bound to plasma proteins do not 
permeate aqueous pores.

• If the drug is charged, its flux is influenced by 
electrical fields (membrane potentials).
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notby
concentrate

gradient

Notall watersolublemolecules are
ionized



Mechanisms of Permeation of Drug 
Molecules

3. Special carriers:
• Exist for substances that are important for 

cell function and are too large or too 
insoluble in lipids to diffuse passively 
though membranes (peptides, amino acids, 
glucose, etc).

• They bring about drug movement by active 
transport or facilitated diffusion.
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for specificmolecules



Mechanisms of Permeation of Drug 
Molecules

• They are selective, saturable and inhibitable.
• Many cells contain less selective membrane 

carriers that are specialized in expelling foreign 
molecules including drugs:

A.ATP-binding cassette (ABC) family: 
• It includes P-glycoprotein or the multidrug-

resistance type 1 (MDR1) transporter found in 
the brain, intestine, testes, neoplastic cells, and 
other tissues.
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ppartially
selective

it's an eflux transporter meaningthat it prevents
toxins fromenteringorgans



Mechanisms of Permeation of Drug 
Molecules

B. The multidrug-resistance associated protein 
(MRP) transporters (also from the ABC 
family):

• They play a role in  excretion of drugs and their 
metabolites into urine and bile.

• They mediate the resistance of some tumors to 
chemotherapeutic agents.

28



Mechanisms of Permeation of Drug 
Molecules

C. The solute carrier families (SLC): 
• They do not bind ATP but use ion gradients for 

transport energy.
• They are important in the transport or the 

uptake of neurotransmitters across nerve 
ending membranes.

29

membranepotentials



Mechanisms of Permeation of Drug 
Molecules

4. Endocytosis and exocytosis:
• Endocytosis is responsible for transport of 

vitamin B12 complexed with the intrinsic 
factor across the wall of the gut into the 
blood, and iron associated with transferrin 
into RBCs.

• Exocytosis is responsible for secretion of 
many substances from cells such as 
neurotransmitters and some hormones.
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Mechanisms of Permeation of Drug 
Molecules

• These principles of permeation of drug 
molecules apply to drug absorption, 
distribution and elimination.

• These processes determine how rapidly and 
for how long the drug will appear in the 
target organ, the site of action, and organs of 
elimination.
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Barriers Against Drug Permeation & 
Transport

1. Tight junctions between endothelial cells and 
absence of pores. 

2. The presence of thick basement membrane at 
which endothelial cells lie.

3. The presence of connective tissue cells around 
endothelial cells (such as astrocytes in the 
brain).

4. The presence of drug export pumps.
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Barriers Against Drug Permeation 
& Transport

4. The presence of intracellular and extracellular 
enzymes that metabolize drugs.

• This occurs in endothelial cells of brain  
(blood-brain-barrier). 

• It is present in other tissues such as testis.
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Placental Barrier

• A semipermeable membrane made up of 
placental tissues, where the maternal and fetal 
circulations remain completely separated. 

• Between cells, there are tight junctions that 
allow slow passage of ions and small molecules 
but restrict movement of larger molecules and 
certain drugs.
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