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Phar·m
a·col·o·gy 

E
tym

ology: G
k, pharm

akon, drug + logos, science 

The science that deals w
ith the origin, nature, chem

istry, 
effects, and uses of drugs; it includes pharm

acognosy, 
pharm

acokinetics, pharm
acodynam

ics, 
pharm

acotherapeutics, and toxicology (M
iller-K

eane E
ncyclopedia and 

D
ictionary of M

edicine, N
ursing, and A

llied H
ealth)

Pharm
acokinetic 

Pharm
acodynam

ic



D
rugs need to achieve an adequate concentration in 

their target tissues to give the requested 
pharm

acologic effect (➡
 pharm

acodynam
ic)

The fundam
ental processes that determ

ine  the 
concentration of the drug at any m

om
ent and in any 

region of the body are: 
1) A

bsorption from
 the site of adm

inistration 
2) D

istribution w
ithin the body 

3) B
iotransform

ation (drug m
etabolism

) 
4) Excretion

“A
D
M
E”

H
ow

 the drug com
es and goes

P
harm

acokinetic, overw
iew



From
 its site of adm

inistration, drugs cross various 
barriers (m

em
branes, capillaries, cell w

all…
.) and 

reach the bloodstream
 (or lym

phatic or cerebrospinal 
fluids)

A
: absorption

D
: distribution

The drug m
oves from

 the bloodstream
 (or lym

phatic or 
cerebrospinal fluids) to its site of action (eg, the brain), 
again crossing various barriers

D
istribution affects drug concentration at site of action 
(pharm

acodynam
ic effect), drug site of excretion and 

biotransform
ation

P
harm

acokinetic, overw
iew



 
D

rugs are biotransform
ed into several different 

com
pounds by enzym

es evolved to cope w
ith natural 

com
pounds 

 
B

iotransform
ation m

ay increase, decrease or change 
drug actions

M
:m

etabolism

E: excretion
  D

rugs are elim
inated by excretion from

 the body 
through different pathw

ays, e.g. renal 
   

P
harm

acokinetic, overw
iew



P
harm

acokinetic, O
verview

 

CIRCULATIO
N



A
dm

inistration R
outes

PARENTERAL

   ENTERAL



A
dm

inistration R
outes: 

PA
R

E
N

TE
R

A
LADVANTAG

ES
DISADVANTAG

ES

INTRAVENO
US

Rapid attainm
ent of 

concentration; precise 
delivery of dosage; 
easy to titrate dose

High initial 
concentration (toxicity 
risk); risk of infection; 
requires skill

SUBCUTANEO
US

INTRAM
USCULAR

Prom
pt absorption 

from
 aqueous m

edium
; 

little training needed; 
avoid gastrointestinal 
environm

ent

Cannot be used for 
large volum

e; potential 
pain or tissue dam

age; 
variable absorption



A
dm

inistration R
outes 

PA
R

E
N

TE
R

A
LADVANTAG

ES
DISADVANTAG

ES

PULM
O

NARY
Easy to titrate dose; 
rapid onset local effect; 
m

inim
ize toxic effects

Requires coordination; 
lung disease lim

its; 
variable delivery

TO
PICAL

M
inim

ize side effects; 
avoid first pass 
m

etabolism
Erratic absorption



A
dm

inistration R
outes 

E
N

TE
R

A
L

ADVANTAG
ES

DISADVANTAG
ES

O
RAL

Convenient (storage, 
portability); econom

ical; 
non invasive; safe; 
requires no training

Delivery can be erratic 
or incom

plete, depends 
on patient com

pliance; 
first pass effect

SUBLING
UAL

Rapid onset; avoid first 
passage 

Few
 drugs adequately 

absorbed; patient m
ust 

avoid sw
allow

ing; 
difficult com

pliance



A
D

M
E

: A
bsorption

C
ell m

em
branes form

 barriers betw
een aqueous 

com
partm

ents in the body 

The m
ost universal function of cell m

em
brane is to act as 

a selective barrier to the passage of m
olecules, allow

ing 
som

e m
olecules to cross w

hile excluding others

The m
ovem

ent of drug m
olecules across cell barriers

A
bsorption is the process by w

hich a drug m
oves from

 
its site of application and enters the bloodstream

 or the 
lym

phatic system
 crossing cell barriers



L
ipid B

ilayer

Sm
all, 

uncharged

L
arge, 

hydrophilic

Sm
all 

charged 
ions

H
2 O

, urea, 
C

O
2 , O

2 , N
2  

G
lucose 

Sucrose

H
+, N

a
+, K

+, 
C

a
2+, C

l -, 
H

C
O

3 -

D
E

N
IE

D
!

D
E

N
IE

D
!

H
ydrophobic 

Tails

H
ydrophilic 

H
eads

M
em

branes and A
bsorption



M
echanism

s of A
bsorption

Passive diffusion 
of w

ater-soluble 
drugs through 
aqueous channels

Passive diffusion of 
lipid-soluble drugs via 
hydrophobic bonding 
w

ith m
em

brane lipids 
A

ctive transport and 
facilitated diffusion 
via m

em
brane 

carrier m
olecules

Vesicle-
m

ediated 
transport



Passive diffusion of 
hydrophilic m

olecules 
trough acqueuos channels

Drug
M

olecular 
w

eigth
Ripartition
Coefficient

C
affein

194
0.17

Ascorbic acid
176

0.02

Ephedrin
165

1.6



Passive diffusion depends on: 
⭕

 concentration gradient 
⭕

 lipid solubility 
⭕

 degree of ionization 
⭕

 thickness of m
em

brane 
⭕

 surface area

P
assive D

iffusion

   The vast m
ajority of drugs m

ove through 
the body by this m

echanism
 

 



1) The concentration gradient is m
aintained 

by rem
oval of the drug from

 the other side of 
the m

em
brane

P
assive D

iffusion

Tim
e



2) Lipid solubility depends on the physiochem
ical 

properties of the drug 

Is m
easured by the lipid/w

ater partition coefficient (ratio 
of drug concentration in lipid phase and w

ater phase 
w

hen shaken in one im
m

iscible lipid/w
ater system

) 
Ionized drugs generally have low

 lipid/w
ater coefficient

P
assive D

iffusion



D
egree of Ionization: 

 m
ost drugs are w

eek acids or basis

A
cids

R
elease/D

onate H
+

H
A

   
              H

+   +   A
-

B
ases

B
ind/A

ccept H
+

 H
+ + B

-
  H

B

Ionized 
form

N
on-ionized 

form



L
ipid B

ilayer

H
ow

 ionization affect the 
absorption of a drug

Ionized form
 

(charged) 
A

-

N
on-Ionized form

 
(uncharged) 

H
A

H
A



H
A

   
              H

+   +   A
-

Environm
ental pH

 and Ionization

For an acidic drug, in an environm
ent w

ith low
 

pH
 the non-ionized form

 w
ill predom

inate

w
hereas in an environm

ent w
ith high pH

 the 
ionized form

 w
ill predom

inate

H
A

   
              H

+   +   A
-



 H
+ + B

-
  H

B

Environm
ental pH

 and Ionization

For a basic drug, in an environm
ent w

ith low
 

pH
 the ionized form

 w
ill predom

inate

w
hereas in an environm

ent w
ith high pH

 the 
non-ionized form

 w
ill predom

inate

  H
B

 H
+ + B

-



A
s a consequence: 

A
cidic drugs are best absorbed from

 acidic 
environm

ents 
B

asic drugs are best adsorbed from
 basic 

environm
ents 

A
nd... 

To increase absorption of an acidic drug acidify 
the environm

ent 
To reduce the absorption (or increase the 
elim

ination) of an acidic drug alkalinize the 
environm

ent  



If pH
 = pK

a 
 

H
A = A

- 
 

B
H

+ = B
 

If pH
 < pK

a 
 

H
A > A

- 
 

B
H

+ > B
 

If pH
 > pK

a 
 

H
A < A

- 
 

B
H

+ < B

pK
a 

pH
 value at w

hich the drug is 50%
 

in the ionized form
 and 50%

 in the 
non-ionized form



pH
A

cidic 
drug

%
 non ionized 

form
B

asic 
drug

%
 non ionized 

form

1 2 3 4 5 6 7

H
A

 

A
-

99.9 
99 
90 
50 
10 
1 

0.1

B
H

+ 

B

0.1 
1 
10 
50 
90 
99 

99.9

pK
a

The relative am
ount of charged and uncharged 

species for any drug m
olecule depends on the 

m
olecule’s pK

a and the pH
 of the m

edium



Passive diffusion depends on: 
⭕

 concentration gradient 
⭕

 lipid solubility 
⭕

 degree of ionization 
⭕

 thickness of m
em

brane  
⭕

 surface area

P
assive D

iffusion



Fick’s Law

dQ
 = PA (C

p-C
t) 

dt 
   h

dQ
/dt = diffusion rate 

P = oil/w
ater partition coefficient 

A = surface area  
C

t = drug concentration in the tissue 
C

p = drug concentration in the plasm
a  

h = thickness of the m
em

brane

P
assive D

iffusionconcentration 
gradient



⭕
 D

iffusion rate depends on the 
concentration gradient  
⭕

 N
o energy or carrier is required  

⭕
 It is not saturable

P
assive (or S

im
ple) D

iffusion



M
echanism

s of A
bsorption

Passive diffusion 
of w

ater-soluble 
drugs through 
aqueous channels

Passive diffusion of 
lipid-soluble drugs via 
hydrophobic bonding 
w

ith m
em

brane lipids
A

ctive transport and 
facilitated diffusion 
via m

em
brane 

transporters 
m

olecules

TR
A

N
SPO

R
TER

S 
(or C

A
R

R
IER

S)



E
lectrochem

ical potential-
driven transporters (solute 
carrier, S

LC
)

Facilitated diffusion

P
rim

ary active transporters

A
ctive transport

S
uperfam

ily of S
LC

: 
48 fam

ilies  
315 genes

S
uperfam

ily of A
B

C
 

transporters: 
7 fam

ilies  
49 genes

TR
A

N
SPO

R
TER

S



TR
A

N
SPO

R
TER

S

A transporter is a 
transm

em
brane protein 

w
hich binds 

stereoselectively one or 
m

ore m
olecules or ions, 

undergoes to a 
conform

ation change 
and releases them

 on the 
other side of the 
m

em
brane 



subcellular orientation: 
apical (lum

inal) o 
basolateral (ablum

inal) 

Substrate direction: 
U

ptake (into the cell) or 
efflux (outside the cell)

E
pithelial cells 
(gut, kidney, 

lung)

E
ndothelial cells

TR
A

N
SPO

R
TER

S



N
eurotransm

itter 
Transporters 

Fam
ily: 

D
AT 

N
E

T 
5H

TT

M
ajor Facilitator 
S

uperfam
ily 

O
R

G
A

N
IC

 C
ATIO

N
 

TR
A

N
SPO

R
TER

 - O
C

T 

O
R

G
A

N
IC

 A
N

IO
N

 
TR

A
N

SPO
R

TER
S – O

AT

Facilitated D
iffusion

C
arrier m

olecules facilitate entry and exit of physiologically 
im

portant polar and charged m
olecules m

olecules, such as 
sugars, am

ino acids, neurotransm
itters and m

etal in the 
direction of their electrochem

ical gradient



•
N

o external energy source is needed 
•

D
ow

n concentration/electrochem
ical gradient 

•
Transport is saturable (is m

ediated by a lim
ited 

num
ber of proteins) and selective

Facilitated D
iffusion



A
ctive Transport

•
D

irectly coupled to energy source (ATPase) 
•

A
gainst concentration gradient 

•
Transport is saturable (is m

ediated by a 
lim

ited num
ber of proteins) and selective



P
-ATP

ase 
S

uperfam
ily 

S
E

R
C

A 

ATP B
inding C

assette (A
B

C
) 

S
uperfam

ily

A
ctive Transport

•
Large gene fam

ily 
•

D
efined by sequence hom

ology  
•

C
ritical for m

oving a w
ide range of 

substances 
•

A
pproxim

ately 1000 A
B

C
 proteins have 

been identified, 48 in hum
ans

M
D

R
 (M

ulti D
rug R

esistance) fam
ily 

e.g. P-glycoprotein



P
-glycoprotein

•
Encoded by the M

D
R

1 gene, is a n efflux pum
p responsible for 

the resistance of tum
or cells to m

ultiple chem
otherapeutic 

agents 
•

Expressed on the apical m
em

brane of epithelial cells in the 
intestine, liver, kidney, testes, blood-brain barrier and adrenals 

•
Plays a role in the absorption, distribution and elim

ination of 
num

erous drugs



TR
A

N
SPO

R
TER

S LO
C

A
LIZATIO

N



H
ow

 P
-

glycoproteins 
expression 
affects A

D
M

E





Fura-2



 Vesicle-m
ediated transport



A
D

M
E

: D
istribution

D
elivery of the drug 

from
 the blood to 

the tissues 

It depends on:  

1. Tissue perfusion 
rate 

2. Plasm
a protein 

(album
in) binding 

3. A
ccum

ulation in 
tissues 

4. Presence of 
barriers



1. R
ate of perfusion



O
RG

AN
PERFUSIO

N RATE
(m

l/m
in)

%
 of 

cardiac output

Liver
Kidneys
M

uscle
Brain
Skin
Heart
Bone
Fat

1350
1100
750
700
300
300
250
200

272215146654

1. R
ate of perfusion



S
inusoids: endothelium

 
and basal m

em
brane 

presents intercellular cleft

Fenestrated: endothelium
 

presents intercellular 
cleft, basal m

em
brane is 

continous

C
ontinous: endothelium

 
and basal m

em
bran 

presents no intercellular 
cleft

Localization:

liver 
spleen 
B

one m
arrow

 
lim

phonodes

G
astro-intestinal m

ucosa 
kidney 
Endocrin glands

Skeletal and cardiac 
m

uscle 
Sm

ooth m
uscle 

lung
P

erm
eability for hydrofilic m

olecules 

excellent
good

scarce

D
ifferent types of capillaries





C
u2+ (ceruloplasm

ine) 
Lithium

 
hem

oglobin

Zn
2+ Lipids, cholesterol 

Vitam
in A

, K
, D

, E

B
ilirubin 

U
ric acid 

Vitam
in C

 
A

denosine 
Tetracycline 
Fatty A

cids 
P

enicillin
S

alicilates 
S

treptom
icine 

H
istam

ine 
B

arbiturates 
C

a
2+ 

C
u

2+ 

Zn
2+

 steroid horm
ones 

(transcortine) 
Vitam

in B
12 

tiroxine

 Fe
2+ 

(Transferrine) 
  

2. P
lasm

a proteins binding



drug-protein 
com

plex

Free drug
protein

S
ites of drug elim

ination: 

glom
erular filtration 

tubular secretion 
biotrasform

ations 
biliar secretion

S
ites of action of the drug: 

C
apillaries w

all  
C

ell m
em

branes 
Intracellular sites

K
1               K

2

+

D
rugs in vascular space

inert, non-diffusible, not 
available for m

etabolism
 

and excretion. It acts as 
a reservoir for drug

B
inding to plasm

a 
proteins is reversible



The form
ation of drug-protein com

plex depends on: 
● physiochem

ical properties of the drug 
● drug concentration 
● drug-protein affinity 
● total proteins D

rugs in vascular space
% of pts 

with adverse 
reactions

0,0
3,5
7,0

10,5
14,0

Serum
 album

in (g/dl)
<2.5

2.5-2.9
3.0-3.4

3.5-3.9
>3.9

A
dverse R

eactions to Phenytoin as a Function of Serum
 

A
lbum

in C
oncentration



%
 

B
E

FO
R

E
 

D
IS

P
LA

C
E

M
E

N
T

%
 

A
FTE

R
 

D
IS

P
LA

C
E

M
E

N
T

%
 IN

C
R

E
A

S
E

 
 O

F FR
E

E
 

D
R

U
G

D
R

U
G

 A 
%

 bound drug 
%

 free drug 

D
R

U
G

 B
 

%
 bound drud 

%
 free drug

95 
5 

50 
50

90 
10 

45 
55

+ 100 

+ 10

Effect of the displacem
ent of drugs highly bound to plasm

a protein

•
D

rugs highly bound to plasm
a proteins generally persist 

in body longer than those less bound, have low
er 

therapeutic activity and less efficient distribution  

•
Tw

o drugs w
ith affinity for plasm

a proteins com
pete w

ith 
each other leading to displacem

ent drug interactions

D
rugs in vascular space



Highly perfused

Poorly perfused

Very poorly perfused

Blood

Tim
e course of thiopental in blood and tissues  

A
fter intravenous adm

inistration

3. A
ccum

ulation in tissues



4. A
bility to cross barriers: 

the blood-brain barrier (B
B

B
)

Dura

Arachnoid

Pia

Ependym
a

Astrocytes

Neurones

Brain tissue



B
lood B

rain B
arrier characteristics

1. N
o pores in endothelial m

em
brane 

 
2. G

lial cells surround endothelial cells 
 

3. Transporter in endothelial cells 
 

4. Less protein concentration in interstitial fluid

N
ucleus

C
aplillary

Endothelial cell

Tight junction
A

strocyte foot 
process



M
echanism

s of B
lood-B

rain B
arrier B

iotransport



Brain Content (ng/
g tissue)
0,0

12,5

25,0

37,5

50,0

Indinavir
N

elfinavir
Saquinavir

m
dr1a (+/+)

m
dr1a (-/-)

R
ole of P-glycoprotein determ

ining brain content of  
protease inhibitors. D

ata from
: K

im
 et al. J C

lin Invest 101:289-294, 1998.



R
ole of drugs in the expression of 

P-glycoprotein  
at brain capillary endothelial  cells

PXR
: pregnane X 

receptor (rodents) 

SXR
: steroid and 

xenobiotic receptor 
(hum

ans)

Epileptic seizure activity 
represents a strong trigger of 
transcriptional activation of P-
glycoprotein



4. A
bility to cross barriers: 

the blood-cerebrospinal



The C
hem

oreceptor Trigger Zone (C
TZ or A

rea Postrem
a)

The C
TZ lies outside the 

B
B

B
 

C
ontains receptors for 

dopam
ine, serotonin, 

opioids, acetylcholine 
and substance P  

S
tim

ulation of these 
receptors activates the 
Vom

iting center, leading 
to vom

iting and nausea.



Four types of patterns: 

1) S
om

e drugs m
ay rem

ain largely w
ithin the vascular system

 
(eparin, drugs strongly bound to plasm

a protein) 

2) Low
 m

olecular w
eight w

ater soluble com
pounds (ethanol and 

a few
 sulfonam

ides) are uniform
ly distributed throughout the body 

w
ater 

3) A few
 drugs are concentrated specifically in one or m

ore 
tissues (iodine in the thyroid gland, chloroquine in the liver, 
tetracycline in bone and developing teeth, highly lipid soluble 
com

pounds in fat tissue) 

4) M
ost drugs exhibit a non-uniform

 distribution w
ith 

variations that are largely determ
ined by the ability to pass 

through m
em

branes and their lipid/w
ater solubility

D
rug D

istribution



D
istribution

2

1

3

4



28 liters
10 liters

3 liters

W
ater com

patm
ents in the body

intacellular 
Fluid

Interstizial 
Fluid

Extracellular  fluid

B
lood plasm

a 
and lym

ph



The Vd is an useful indicator of the type of the 
distribution pattern that characterizes a drug 

Vd is the volum
e into w

hich a drug apparently distributes 
to achieve a concentration equal to its (m

easurable) 
plasm

a concentration 

In other w
ords, Vd describes the relationship betw

een the 
concentration of the drug in the blood and the am

ount of 
the drug in the body

The A
pparent D

istribution Volum
e (Vd)

A
m

ount of drug adm
inistered (m

g)
D

rug concentration in plasm
a 

(m
g/L)

Vd = 



    

The bathtube m
odel

The A
pparent D

istribution Volum
e (Vd)

Vd = 
drug concentration in plasm

a
50 L = 500 m

g

10 m
g/L

am
ount of drug adm

inistered



#
#

#

#

The A
pparent D

istribution Volum
e (Vd)

Tissue accum
ulation: the  sponge m

odel

Vd = 
am

ount of drug adm
inistered

drug concentration in plasm
a

500 L = 500 m
g

1 m
g/L



B
inding to plasm

a proteins: the red herring m
odel

The A
pparent D

istribution Volum
e (Vd)

Vd = 
drug concentration in plasm

a

am
ount of drug adm

inistered
5 L = 

500 m
g

100 m
g/L



Distribution Volum
e (L)

Theophylline

Ethanol

W
arfarin

Plasm
a w

ater

Intracellular w
ater

Total w
ater


