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(‘Medica ) Qha}rmacology is the science dealing with (small moleculeg used to
prevent, diagnose, or treat diseases,

e r—

A drug is any small molecule car{interact with body systems at thw
and produce effect. ‘ s r— S

\Clinical ) pharmacology is the science concerned with the rational, safe and
effective use of drugs in humans. It combines elements of{classical pharmacology.)

e .

with clinical medicing) in other words, it involves the complex interaction between

the(patient and the drug. L ctio

The drug-body interactions

)

/e TN ? ] -
Pharmaégdynamics .l)rug Body '
< interactions

The eftect of the %rug on the body The effect of the body on the drug
1.e. the mechanism (?fdrug action i.e. absorption, distribution,
and pharmacological effects metabolism, and excretion

=

m Pharmacodynamics (Mechanism of drug action) ~

=
AT
—

A drug may produce its effects through interaction with:

/A\ >
{ = Body control systems4regulatory proteins):
7 ——— \n

(a) Receptors }

(d) Carrier molecules .« oL

"L n{ Direct themical or physical mechanisms.

% = Interaction with certain metabolic pathwa@ :
\

rNotes \ ]

[ -
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J] Receptors
g Brotein @Erﬂomplg_gu_@. When they combine With 3 4

d or blocked. Crug
that_can_combine with the receptors. A ligang

Ligand:)is le
Ligand:)is any molecule U ' A
Sctivates the receptor is called agonist. A ligand that blocks the receptor .

antagonist. SO
Affiﬁity' it is the eFr;péthy of the receptor to the li and. It determines th numb,
‘ o r
of receptors occupied by the drug.
/—

upi
cupied by,

Receptors: they ar
they may be activate

-0

that
alleg

Types of receptors

s lon.chapnel-linked receptors (direct ligand-
gated ion channels):

- The receptor is an( ion chan@ consists p_@_ a
(trangmembrane subu oy, dy, B, V. 0). e

_ Binding of the agonist to the extracellular part
___\._/————-“—’_— »
of the receptor causes opening of the channel

for a specific ion. o . ‘ S
The response of these receptors i§ very fa@md their duration iueg short?f
e o uwl B -

|

- Examples:
. @icotinic AcDeceptors in the(motor end—glate} the ion channel opens for

Na_ions in response to stimulation by Ach
» The Gama aminobuteric acid (GABA) receptors in the brain) the ion channel
opens fof CI ions in response to stimulation by GABA.

/’\,/ >

)
£ ' ,\ N C A (

- The receptor consists@ﬂembrane subunits. i

- Binding of the agonist to the extracellular ”””““'””””ﬂ u T llj,:i;:!fﬁf
part of the receptor causes activation of | )
. . it L G—pfcievn
intracellular_G-protein which consists of 3 D___JOL
subunits(aXB{y)) S
e ——————— ¥ . . _4-—\-\‘

- When the G-protein is activated, it a syibunit p Agonist

finds 1q(GTP)to be phosphonylated 3 bring.
stimulato or inhibitory response. B L

- Their response i3 slower ﬁfan ion channel B
receptors but their duration iﬂc‘)’nge'l"_j

~ Stim}t:latorv G-protein (Gs): can lead to: ~ - SE
* T adenyl cyclase enzyme x4 ’T‘\CAMPXQ

activation of specific proteins. "
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s Pbomenzyme -1 mosntol tnphosphate (IP:'%

nd

diacylglycerq] DAG) IP3 causes 1 free intracellular Ca** while DAG can

activate protein Thase C.

* ‘N phospholipase A:}?nzyme = I prostaglandin formation.
= QOpenion channels.

i e

- Inhibitory G-protein (Gi): can lead to:

*  adenyl cyclase enzyme > |, cAMP - inhibition of specific proteins.
* Regulation of Khand Ca™ channels.
—_—— T————

- Examples: NB: there is a third
* Receptors linked to Gs: e.g, B-adrenergic receptors.. fype of ("Pmt:b

. a receptors called Gq ,
= Receptors linked tcz__gl: e.g.&i—adrenergic receptors. -~ P ﬂ

1 T}:rp.s.ms_l_\mase.LTKl.hn__e_ d receptors:

==X LIRS

domain

- The receptor consists of 2 large domains: an
_extracelluldr hormone-binding domain and an O

Hormone binding

intracellulaf TK-binding domain) connected d by T

‘ ¥

2 transmembrane segment. ]
- Binding of the agonist to the hormone-binding-

—_

comamrcau;es activation of the intracellular

“domain to activate TK enzyme - activation.of -
) several proteins known W

- - \
Examolesg /nsulm\receptors. —

\

Tyrosine kinase
binding demain

e

|

- - N

F- Intracellular_receptors: ‘e \e s Y2 C L Py ) A

They are located inside the cell either in thé cytoplasréor@lrectly on the DNA)

- They regulatqtranscrlptlon of genes lngh_e%l_eus‘or the mltochondna)
f - Their agonist must enter inside the cell to reach them.
- They have two important features:

* Their response |@%‘Q_r\ne is required for synthesis of(new proteins}
* Their effects persist for long tlﬁ fter the agonist is removed.

- Examples: rewﬂlcosterymrmor}es)m etc.
/]

Notes adeny | Cl/C(fA‘b( S CJ’VV\P ,_o- \\(\4\0&9/
* phospholipas® C R 1Py DAQ
4 phoc.pho& poak A PR A fpms&ag\ay\&w

5 i\"o‘)e'i A 1,\}7‘\' LY ‘-—k’" "‘\\\'\S

]
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A T
Types of drug-rocoptor{bondl ) @ @

lonic bond

m The ionic bond:

It G-leng\bul reversible.

m The hydrogen bond:
I i?"\Wt‘.lkl;)l\(f reversible,

m The covalent bond:

Very strong ang irrev versibly., , H
It occurred bvrwr‘r\n druy and receptor, the rt"(;}'?ptor %
O e

bvmnw\pmm mvntlyﬁblm ked.

Hydrogen bongd

The covalent bond

Biological response to drug-receptor binding

When a drug combines with a receptor, this may lead to one of the following:

Agonist effect: means that the drug gives certain response.
Antagonist effect: means that the drug gives NO response and prevents the
receptor from binding to another agonist. ", o ’

s« Partial agonist effect: the drug acts like agonist & antagomst

H Agonist effect

- Agonist is the ligand that combines with the receptor and gives response.
- Response will never exceed a certain limit whatever the drug conc. This is
termed thepomtofmaxtmallesponse =th E

—— T ——— A ——— -

There are 2 types of responses to drugs:

b P e e g i

(Quahtal response: the response ig aIINorMnone) effect.

-Lﬁraded r\esponse' the respons{_r)creases by lncreasmg the agonlst)

4 )
Notes

- _ L
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AC

- ltisthe response t ﬁpaast rugs.
- Could be tested injonéor more |

animals.

- Example: the response of the heart to

" adrenaline.
:_’-_—-____——-'." -

100 max

Degree of response

EDs0
s

1 2 3 456 718 9

10
Drug conc

Clinical significance:

.

Calculatlon.of_th@ G

- EDsy is the dose that produces 50% of
“The maximal response in(one animaly
- Value of knowing the Equ

= Comparin potencues f
multiple drugs in one animal
= Comparing theﬁ;uleffectlve dose

of multiple drugsin one animal.

Calculation of drug( efficacy: }

‘\

Lo _
= \Effice?\}\is the maximal response

\'(Ema:xj obtained by a drug.
~ Value of knowing the E%

= Knowing the(maximal respo-nding
capacityof the organ. t?

* Differentiation betweeanuH
agomsts‘ang partial agomsti)

Determination of tbe slog \of the dose-
fesp%u rve:

TS

(Qalculation of@rapeutic index (Tl))

faoLt b

Itis response to certam drugs.

Could not be tes_ted_m_ane_a.mmal

%/\gJ

Example. prevention o@nvulsion‘q
by \anti/épileptic drugs [

Emat
100
é 75
o
=8
)
bl
S
@
0
E
= ’/El)so
12 3 45 6 7 8 9 10
Drug conc.

Clinical significance:

)Calculation of EDsp and LDsg:
EDSO is the dose that gives specific
- BIVES SPEE]
effect i SG% of gro imals.
- LDSO is the dose that kl”S 50% of
“treated animals. . =

- Tlis the ratio betweef LDsy and EDsp.
- It is(_robghiindex of drug safety.

QEJ*-“%

B

o
anm—
A

Ti

- (it must be >1)
c,»E;.Dsd

- The_LDsg must b@ than the
EDsq i.e. the ratio must be >1, The
higher the ratio, the safer the drug.

;jlalculation of the{ protective index !PI): ;

- Protective index is similar in principle

td Tf}g_q_t it measures the relation

A—————— &

J#

Scanned by CamScanner



—

{
- The slope varies for different drugs between undesirable effects (not
and different respdnses. lethal) and desirable effects.

- Asfeep (sharp) dose-response curve »
means mm:mal changes of of the dose LDsg (undesirable effects)

may produce dramatic response.,

ED5O (desirable effects)

E max - e ' §
- The PI must b@
- Adrug with Pl = TT5s useless since the

SR——

2 - dose that treats thepatlent causes
g %0 3 an unacceptable degree of side
“ 2 effects —

0

1 2 3 45¢86 78910
Drug conc

Potency versus efficacy E .y = 100% respe
max ~ v e

100 SASabi i

»-Potency: it is the effect of drug in
relation to its dose.

|Poten3)drug€%r;s that the drug can

give certain(EDso)y a small dose, this
does not necessarily mean that it can

give high E.., by increasing its dose.

= B80% response

Response

B Efficacy: it is the ability of the drug
to give certain E .c..

( Efficacious)drug means that the drug
can give high E... by increasing its dose.

15

Drug dose

Efficacy 15@_@9\@3@ than potency because it is the major determinant of
drug effectiveness while potency has little clinical importance becausd mmplﬁyou

can increase the dose of #less potent drug to obtain the effect of a/more pot
one (provided that it is not c). U
r—‘——_-..—-__;_—-_’__ﬂ!-

2

o Potercy T CRacey )
Notes .1 | & i dug 1 elakion

__i’ ‘\‘)C': AOQJQ-
Po\Qvér c\ﬂ,\gﬂ Con gve E“%D

\b\./ S\Cf\m\\ Ai)‘:e A : .
« o ey L J
\ h\m’ﬂov ol 3 { - L"J =
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max
100 100 &
75 75 (/‘ ,
@ ® g
c [
S 50 2 50
[} w0
i i

25 25

0 0

12 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Drug conc Drug conc
Reversible antagonism Irreversible antagonism

_ = Antagonist is the ligand that combines with the receptor ané does not activate
-?,F it. It has no intrinsic activity, but may cause a pharmacoloﬂgal_m.span@ﬂ

\y inhibiting the actions of endogenous substances or other drugs;j
e — '_“—k
)

= |f the antagonist binds to the same sife™pf the agonist on the receptor, it is
called competitive antagon%TfTﬁé’aﬁgonist binds to another site on the
receptor, and prevented the action of the agonist, it is called‘%gn-co.mpetitive
antagonist (non-competitive antagonist are produce but not

clinically present). |

¥
= Competitive antagonism may b@_rsibl}e or.@ :
,

\.Qf’,‘L/AReversible antagonist %égunibrium type) makes weak bond with the
> / receptor so as you can overcome the inhibition by giving high doses of the
agonist, and@maximal response in_presence of the
‘antagonist.

e

A i | .
\\— Irreversible antagonist (non-equilibrium) makes covalent bond with the
- receptor so as you cannot overcome the inhibition by increasing the dose of
T

——

the agonist. ) o\ D)
o A . —
- \Q\C{\f
Other types of drug antagonism s
L o) ~+ @ 4!

~

m Chemical antagonism: e.g. one acidic drug when added to a basic drug can

........................................

= cause precigitation of each other’s.

n Physical antagonism: antagonism between two drugs c{arr\(ing oppbsite charges.

— &S .
Example: prota_rgi@ is used for tr_ea.tme_nl_n@p_mjh toxicity because
protamine carries #ve charge and heparin carries —ve charge. -
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sm: antagonism

?'ltf:

| antagoni tween two drugs producing Oppg
Physiological antag: | i
i T
.\adrenalipe is theipﬁxéiol_gﬁi‘&ﬁ'.,?ﬂﬁ?.gon'ﬂ:0' itamin beca‘use while
Exampl'e.‘a ruses hypoten-"io" and bronchoconstriction through activatie,, N
istamine ca A i

histamine H recepfcﬁs(adrbnali e causes hypertension and bronchodilataum]
istamine _H, | ) g/‘ o o achatan
through activation of adremerglc 4 & recep

g .
——

o

i i ions).
s Pharmacokinetic antagonism. (see drug interact )

;revent absorption pf another drug e.g. antacidg({ absorptigy,

of(iron & aspirin. _ L / . o
One drug may@sis_eim_e’tgb\ol@f another drug e.g__nfampuup induces

4 hepatic enzymes and I metabolism o contraceptive pills i s .

_~ One drug may 1 excretiorj of another drug e.g. NaHC( cause@lkahmzation of

¥ i idi ike aspirin. —_ —~/
£ urine and P excretion of acidic drugs like aspirin. .

A=

L

How drugs could modulate ion channels? I
* Physical block: e.g. blocking of Na' channels byflocal an ics.!

—

_—
]

The ion channel may be part of the receptor e.g. |on~c—ﬁ§_nnelfljn!_<ed receptors.
The ion channel may be modulated by G-protein linked receptors. n

; o~
lon channels may be modulated by intracellular ATP e.g. ATPase sensitiye(K"
channels in the pancreatic B cells.J

(S

i o . \‘ 2y |
o d .. OF T &
MEnzymes QU o d-(n S

How drugs could affect enzymes?

The drug may act as {cémpetitive)inhibitor igmi
of the enzyme e.g. neostigmine on
cholinesterase enzyme. Y :

* The drug may act af irreversible ihibitor of the €nzyme e.g. organgphasphates
. oncholinesterase enzyme. -

_/* The drug may act as a(false substratd f -

| § for the enzym [__—/Jisa
false substrate fo(@opa decarboxylase?) S\
* The drug may indyce or inhibit hep

C el Infre VinT

atic microsomal enzymes

\ = (e -
4

\ @ Carrier molecules

qctivity (see later).

-~ 2o o {, p Ae. )

These are small protein m le Ie“s"t‘g;c‘-;r.

_—
membrane when they ar an|

€ t00 large o ly_%um ecule the.
Druge d affect carrier mg ecules by biog ing fheir re ition sit
/
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y ~ : -
Factors affecting fose-response relationship

eSSl y ST
[ﬁrs related to th 9.@!9'51)

Dru@l’feisgmerism)

- Most drugs have multiplg MOmers.
- The rece tor site is usually sensitive for one stereoisomer and not suitable for

another, like the hand and the glove. This means that one isomer may be
hundred times more potent than the other. In other instances one isomer is
beneficial while the other is toxic.
—/.; Ny A .

~ This phenomenon may explain how a single drug could act as agonist and

antagonist ((partial agonist} because many drugs are present in @cemic >
~—
mixtures) rather than as pure isomers.

_ . (- |

Dru@W)

- Most drugs have MW between@)o and 1000 units} Drug particles larger than
MW 1000 cannot be absorbed or distributed.

- Drug particles larger than MW 600 cannot cross placental barri@
: .

@gf drug édministratioy(Chron?{aharmacology)

=—Many body functions (e.g. liver metabolism, RBF, blood pressure, HR, gastric
emptying time, etc.) have daily circadian rhythm. Some enzymes responsible
for metabolism of drugs are active in the morning or evening.

- Also many diseases (e.g. jit_llma attacks, myocardial infarction, etc.) are

ir;aﬁujbas&dﬁpjndgnt. . b S
- Chtonopharmacology is the _@encé dealing with_tailoring drug_medication,

according to the circadian rWof the body, to get better response or to
avoid possible side effects; ) :

- Example: |
Episodes of acute _bronchial asthma are common at/ni_gB due to circadian

variation of cortisol and other inflammatory mediators. So it is better to give
thF" anti-asthmatic treatment in the evening,

]
= Cumulation occurs when the@of dru

NI

................. of its

(especially in patients with li
- Cumulafive drugs are those having slow excretion e.
e ——

{ digitalis.)
L dtalt)
£ Drug combination

= Drug combination is very common in clinical practice. When two or more drugs
are combined together, one gﬂf_’jc«he following may occur:

&
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H 31 ;:z_
=  Summation or addition: =

Summation means that the combined effect of two drl(;gs i{equa) to th
.__f_———”_——_—‘_ /
indivi urs between drugs having the g
of their individual effects. It‘is‘uﬂ}y occ ame

mechani .
j@ﬁe use of two@gle*ﬁ\algesncs together)

(a3

A .
" Synergism,or potentiation: |+ 2 ¢

It means that the combined effect of both drugs is@n the sum of
their individual effects. I

The two drugs usually have different mechanism of action.

Examples:

- . ic action but it can potentiate the analges;
Z}&:{ Phen barb:to_n'e has no analgesic action P cTidlgesic
-~~~ action of aspirin. \«- X

¢~ Theuse o@giﬂl@ w_i‘gh @minoglycosides to exeit bactericidal effect.

NS Q
* Antagonism: \ﬁ(\ 7
One drug abolishes the effect of the other e.g.:

- Competitive and non-competitive antagonism (see before).
Chemical antagonism.

Physical antagonism.
Physiological antagonism.
Pharmacokinetic antagonism.

Ml Factors related to th@
Z =y
@g} ,(s;x/,qn weight.
(Pathologicd status

Liver or kidney disease s};gniﬁcantly alter the(r_e_s“ a — ,
: ponse, to d
metabolism. Also the failing heag is nﬁi\d:oe to_altered
NeoxX

more sensitive to dj italig’than the“norrfial heart.
' W\U‘\“( d -

Notes

—

—

i
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) Pharmacgfgenetic?factors \

It is abnormal response to drUg@@e)@bnqrmahtﬂm drug metabolism.
The%e are some examples: == o e

5,77

] Heritable conditions causind INCREASED br toxic drug response: &

)/Pseudocholinestrase deficiency:

“ succinylcholingl is a neuromuscular blocker metabolized by pseudo-cholinestrase
enzyme. Some mdnwduals have deficient PsChE, when they take succinylcholine,

severe muscle paralysis occurs due to lack of succinylcholine metabolism, and may

Iead to death from respiratory paralysd@s'uccmylcholme apne@

s Glucose-6-phosphate dehydrogenase (G-6-PD) deficiency:

G-6-PD is an important source of reduced NADPH which maintains glutathione in
the RBCs in its reduced form. Reduc d glutathione keeps Hb in the reduced

(ferroui-form and prevent formatio 4f methem oglobin and cell membrane(z,
injury (hemolysis) by oxidizing drugs.
Tndividuals with deficiency in G-6-PD enzyme may suffer acute hemolysis if they

are exposed to{ oxidizing drugse.g. @trates W@ and oKhers o
OL “-:3- ( /"~ g /
Many drugs are metabolized in the liver @ e.g.csw. People can
be classified according to their rate of acetylation reaction into fapid and slow
acetylators: ===
- In_rapid acetylators: isoniazide causesﬂémular necmf@ due to
accumulation of hepatotoxu@ | -
- In~slow acetylators: isoniazide causes[ peripheral neuropathy due
%terference with pyridoxine metabolisty, so pyr—cfoxme ”w _@6" added ,

lSOﬂI&Zlde to prevent neurOtO)ﬂClty
pe= / \ e e e

™

Notes j
\'\dem\&?—w\? Walaw. O\LEL\-‘./ edox .. N\(M;
.\.9.“&...&) )\.4[.« =\, CJ\,;\«d!QW\Q\ e e e e s

11
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L . . .
nticoagy
4 Resistance 10 g@‘ in anticoagulant acts by inhibiting the ep, me
dividals, warfarin antCC2EC dized Vit K (nacts b £
n nor ;i%}aesponsible for reduction of the oxidized vit K (inactiye) itt
. cta ~
epOXId reau

tive). o ——— '
reduced form (a¢ ) Sther variant of this enzymg making them neegj,

. e
individuals have ' s enun

S’Ome the usual dose of coumarin to get the resp

" WO T\

s Resistance to vit D (vit D-resista

' ' eed huge doses of vit D to be treat
Children with vit D-resistant ”Ckw m

s Resistance to mydriatics»: _ ’\t
icall{ less 1 ' the effect of mydriatics!
e enetlcalwo e e :
Dark eyey are g ‘

Hyporeactivity to drugs: .
(Tolerance, tachyphylaxis, drug resistance)

g 20\)

nt rickets):

;\‘(Tolerance: progressive decrease in drug’respons® on successive administration.
The same response co d Ms'. It occurs over long period.
A -

¥ ,
Tachyphylaxis: it is af:ﬁtgtoreran§e occurs very rapidly. N~/

FMechanism of tolerance:

= Change in the receptors (desensitization): due tc@ow conformational changes
in the receptors.

4 Receptor down-regulation: prolonged exposure to the agg;list leads to

decrease number of receptors due Toendocytosis by the cells. It is a slow
process and recqvery takes several days. T — =

E i iators: '
V:’ Ixhaus'uon of mediators: e.g. depletion of catecholamines b\ﬁ%phqtﬁ_mine'
ncreased metabolic degradation: e.g. (Barblturates) can _activ

(arbifurates) can _activate_hepatic
£enzymes and accelerate jts

. , own metabolism and met i ther drugs.
Physiological adaptafion. ~ ... ) ~— abolism of other drug

\ i s
T \)"‘V\r"s""\("‘sfgs oc hivare \f\npcA»x C evwey W
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5 D 3 (A2 P

Hyperreactivity to drugs: N PRGOS Wl
(Hypersp§ggp_t_ibijlty, overshot phenomenon,(intolerance)

——

It is an xaggerated ed response occurs on suddvn stopping of a drug taken for long
(»Mechanism up- regglanon means increase number of receptors due (prolongr-d
- exposure to the antagonist or prolonged deficiency of the natural .agoru,f When

the antagomst Is suddenly withdrawn, severe reactson occurs in the form of te bour_vg* '

or withdrawa| effects —_—

Examp I seatle tachycard|a & arrhythmna occurring after sudden stoppage of beta

“blockers. ‘
—

N.B. Some examples of drugs must not be stopped suddenly: /'

1

4 Beta-blockers Severe tachgard'a arrhxthrma and even myocardial
- infarction.
L+ Clonidine . Severe hypertension (hypertensive crisis).
*» Cimetidine . Severe hyperacidity and even peptic ulceration.
» Corticosteroids : Acute Addisonian crisis.
=~ Morphine : Withdrawal symptoms (see CNS).
»  Warfarin (Thrombotic catastrophes
- bkttt ‘st sl
T —

Drug dependence: (habituation and addiction)

= wlc cra\“ng of the drug Ma‘ dependence of the drug

- Sudden withdrawal causes - Sudden withdrawal causes severe
psycholog_cal troubles. withdrawal symptoms.
- xamgle Foffee andsmokmg - Example: morphine and alcohol.

o

s ome”
4‘—/4
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Fla kI  § Clinical pharmacokinetics s

Definition: it is the journey of the QFEg,i.@M@—b—q—qy' itincitidesd Processgs.

! i istributi etabolism Excretion
@tmn Elstrlbutlon m haetlon;

-

. . . l
Definition: it is th b'éssagg f drug from th¢ site of admmlstratlo. tO‘ f‘fe Plasma \
inistration: oral, sublingual, rectal, inhalation, injection; ™

The main routes of a

Factors affecting drug absorption:

| E_aqtgr-s:_:e!atgg_!g_!h_ei drug |
_ ® Molecular size: small molecules are absorbed than large mo_lec'ules.
% = Dose: absorption iﬁcregses with increasing the dose (up to limit).
7% ) Drug formulations: e.g. sustained-release tablets are slow in absorption.
> Local effects of the drug: e.g. drugs producin@\b their own absorption,
“ = Drug combination: e.g(vit & absorption of iron
(® Lipid solubility, drug ionization, and tﬁplﬁﬁ; drug.

——

o o = e o o e o e o e e On - ——— e = ——

| Factors related to th absorbing:lsurface:

-CBdute\oj‘administratio@oute is thé fastesy whilé rectal Ty the slowest.
Qflnte rithyof the absorbingSurface: may ¥ 6r 4, absorption. r—
ylood flow: ischemia |, absorption.

Specificfactors: e.g.@p‘}ferritin system fo@, etc.
4

The @ and drug ionization

: H Non-ionized lonized
Principles

= |onize(1 (palar; char_ged) drugs are iE_oorly absorbed, o
/ while unipnized (non-polar, non-c arged) drugs are
more absorbed.

— —
= Most drugs are fweak acidd or bases) They become
ionized or non-ionized 3 accoraing;the- aroung
PH, around
them. — ="

=~ Acidic drugs (e.g. aspirin) are rr"fos?e Cf\mgﬁ
= Basic drugs (e.g. ampheta

alkalinéoH and vice versa.

) are more ionized i facidie\oH and vice versa.
* pKa of a drug: is the pH at which 5(\)326 o?ﬁow T -

ionized.  (Wherep =i the drug is ionized and 50% is no™
— - g erse log; Ka = association/dissociation constant).
S _/
14
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gxample of pH variation and drug kinetics (*‘

» Aspirinisan, acndne drug; its pKa = 3.5 ‘ f)
« The pH of the sto stomidl 15\1 5-—------The pH of the intestine is is 8. 5 A ’

~——

AR

» When aspirin is put in the stomach:
» Log (Unionized : lonized) = pKka-pH=3.5-1.5=2 (10°).
» j.e.aspirin becczn_e&o,\nﬂw_e_s@mzed tha@@g i.e. more absorbable).

» When aspirin is put in the intestine:
» Log (Unionized : lonized) = pKa—pH=3.5-8.5=-5 (107).
» j.e.aspirin becomes 0.00001 times unionized than ionized (i.e. lsss absorbable},

» lon trapping of aspirin:
In the stomach, aspirin is more absorbable pH 1.5
into stomach CE”Ut on:.&enteced_tbe—cells

the pH changes from 1.5 outside to 7.4 inside Q Q ® @
D @ A

the cell. So aspirin becomes ionized inside the e
cells and can’t diffuse outside them again - (@)

@
(et ceR wen e

“etinical significance of pKa

(" pH74 )

* Knowing the site of drug absorption from the GIT (... mention the principles).
* Treatment of drug toxicit\L

-—— - - —— ——— e =

- ——— e ———

reabsorbable.
— -

P

N\
N

P

* |on trapping in breast milk: .
- The pH of the breast milk 1@.& it is considered agi_dic in relation to plasma

. I
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Sites of drug distribution

= Plasma: 3 liters
» Extracellular water: 9 liters
» |ntracellular water: 29 liters

Volume of distribution (Vd)
W

(Deﬁnition: The ‘appérent} volume of water into

" which the drug is distributed in the body after

distribution equilibrium.

-
Plasma =3 1L

Total body water = 41 L
Calculation:

Total amount of the drug in the body

Plasma conc of the drug (after distribution equilibrium)

¥C|inical significance:

= Determination of the site o@rug distributioﬂ, e.g.:

- A total Vd < 5 L: means that the drug is confined to the vascular
compartment and §§E be removed by dialysi®

- Atotal Md 5-15)L: means that the drug is restricted to th@
- Atotal Vd > 41 L: means that the drug is highly bound to tissue proteins and

= Calculation of th{ total amount of drug in the body|by single r}neasurement of
plasma concentration (from the equation).

= Calculation of the (loading dose (LD)\ needed to attain a desired plasma

concentration (Cp): LD =‘ﬂi x Cp. :
= Calculation of|drug cleafancen) Clearance (Cl) = 0.693 x Vg | l
« Half-life (t) P
e [:i'e,'\' ayY éav 200 - Aoy W
Notes
3 -—
Y N
X
AN \
- - — - _J
—
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=

= Most drugs when introduced into the body a@ bound to p!asma proteins.)

» Albumin: the most |mport§ulasma protein and it can bmd Qve pr(;\f%mﬁ@d

drug}/'—

¢ ginding of drugs to plasma proteins

Clinical significance:

= The pharmacological effect of the drug is re only to it@‘ree par} not to its

bound part (the bound part acts only as &;d@from which the drug is
“slowly released). - -

= Binding of drugs to plasma proteins prolongs their effects.

» When the drug has high plasma protein binding (e.g. 99% for warfarin), the
free part that exerts the pharmacologic effect is 1%. Any small displacement of
the bound part by another drug (say for example another1% is displaced) can

i IE;dTghdramatic toxicity (doubles the amount of the free part in plasma).

= /Many disease states (e.g. ic_li ise L

~ affect the level of albumin and the nature of plasma proteins, thus causmg
serious problems with some drugs.

0

------------------------------------------

10 4 Mmlmum effective conc. 10 4 Minimum effective conc.
(
0 ry T T v ' 0 T T T T 1
0 100 200 300 400 500 0 100 200 300 400 500
Dose (mg) ' Dose (mg)
- Occurs to qast drugs. - Oceurs to fimite tj number of drugs.

-+ The rate of elimination is
_Proportional to plasma conc. i.e.
@\stant ratio (%)pf the drug is
eliminated per unit time.
- Elimination ot depe
saturable enzyme systemy
e —

\\_/

. The rate of elimination isnot

proportional to plasma conc. i.e.
\Constant amountPf the drug is
eliminated per unit time.

Elimination depends on saturable
enzyme sys o
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- mination curvel 1€ plasma concoft .e rUg cannot be
- HMmeare - expected at any expested at any time.
. Theti2

plasma cone AR of the drug Is not constan;
not constany

. -
ime.
tims onstant. S——

Thé toof the drug ks CONS72

minated b zero-order: PIEAL

Examples of drugs eli

N.B. Some drugs aré eliminaté o A and phenyto
zero-order elimination # high doses €5 =2

_’—‘_’-’___—_—/
— imination:
i ero-order,elimind -
Clinical SI_g_'L'fE,a_’l‘iQ 0@ ected toxicity.

o et hange nrugdoke MU g e 52 X1

effects.
roduce adverse ?

» Elimination of drugs of attain

= Changesindrug formulation rT1a
= Drug cumulation and interactions arem <
J

———————————-

/

Elimination half-life (t:)

%Definition: It is the t?né taken for the 1001
.’ concentration of adrug in blood to

its original value.

O
C
3
Calculation: o 50—
) £
» From the plasma concentration @ tin
versus timefcurva, a 25 s
= From theequation) 12.5 2
0.693 x Vd 0 T
Clearance (Cl) = — 1 2 3 4 5
Half-life (t1[‘2) Time

Clinical significance:

. Determi.nation of‘inter-dosgge interv;I: drugs are given every t,/, to avoid wide_
flucfuations of the peak level (the highest plasma concentration_of the drug)

.........
........
...........
.........................................

and trough level (the lowest plasma concentration)

..........
...........
............
........
----------
------

= Time-course of [drug accumulation;/ if a drug js started as a cor{sg’nﬁr@’r

the Cp will accumulate to approach( 3
P steady-statd aft 45t¢,,
= Time-course of iminat ==l
rug ehmmaﬁon: If a drug is

will decline to reach complete elimination after 7 s5t°pped after an infusion, trle_EP
B,

= Drugs havingTong tiZcould be given ance daij
—=allyto i"“Prove'ipatien(compliance?

\
__/
18
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steady-state plasma concentration (Cpss)
pDefinition: the stea _y lev\l

administration e
1;_';__’_____ =

of drlé’.:lﬂ—plaﬁma@aved when theﬁate}gf

e ———

» The Cpss is reached after 4@

ey

» If we changed the dose, the iew Cpss is reached afte@rétm) ;

» |f dosing stops, complete elimination of drug from plasma-occurs after S‘\tl/;j,’
r————— p— : ] :

NN
U

150

Half lives (t112)
200

\ \ New \
cpss | | 150
K \ 1;0\

Hall lives (t1/2)
100 {

RN
A

Plasma conc
3
100 mg icading dose

40+
%04 : ; | Doubling the dose at the
20+ : i i stant of therapy aflows
- i the Cpss (o ba reached
104 i ‘ : mfomyﬂw
S & 2 3 4 5 5
Half lives (ly72)
19
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Therapeutic drug monitoring (TDM)
rapeutic drug M

e ——

ot trations _of dr -
Definition: TDM describes the _r_nwgqu_g@gs.ﬁﬁ—;_—»;ﬁgg\s%gy
fluids, usually plasma, (qr_tbggggugwe—i

—_——
-~ Clinical significance:

* Improvement i efficacy: T phenytoin and drugs with o

Drugs with_pharmacokinetic pro
linear kineti\c_s)'._‘_6'_—“7_-¢_‘J
. N\
* Avoidance ty:) L _ _
= Drugs with a low 'therapeutic index’ require individualized dosing.

— Presence of disease states (especially liver or renal dysfunction).

B — »_ (.\r\\ f,{-
4 Ve h . g - i ‘
/" Differentiation between’\dﬁfststarﬁe an? non c_gr_nphan*c—e-\\’* ﬁﬂ/’

Coee . L. e odIf organic diseaée‘(e. . COMa ca
)* Differentiation betweﬂiﬁuwgrl_nqu_ci(ﬂ romy organic diseasg/ie.g —¢ used
‘, by sedative overdose). RN

P

+—Clearance as a channel of elimination

Definition: plasma clearance of a substance means the amount of plasma cleared
from this substance per minute. o

0.693 x Vd

Calculation: Clearance (Cl) = ———9 M —
Half-life (tyr)

Clinical significance:

If the drug is cleared by the kidney, clearance can help to determine whether this
drug is eliminated by rengl filtraa\ secre‘@mﬁﬁf is eliminated only by
filtration cannot excee 7 ml/mif\ I clearance > 127 mi/min - the drug is
~gTiminated also by tubular secretion. )< )

Glomerular filtration
Routes of elimination: never exC

, ‘
. ‘ Tubu 127 mi/min
= (_Kidney fthe major route), ,;‘m':;n

" !3ile and liver.
= Intestine,
® Lungs.

*  Milk, saliva and sweat.

.

Clinical importance of knowing the route of elimination:

>./ Help to adjust the dose to avoid Cumulation
» Avoid drugs eliminated by aldjsea..sed Ofgéﬂ

b . . \
Targeting therapy: e.g. druggelimina Sud o j\e
% — ted by the lunglare used as expectorants:
e

20
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J Metabolism of drugs (biotransformation)
. Ilve?) is thg_mqur site of drug metabolism but other organs can also
aboflize drugs e.g. kidney, lungs, and adrenal glands. ~— TN O

. Many[l_pld sof’Bl} drugs must be converted into ﬁg_t,g‘r‘__s,gjgblg__fg_[m (polar) }
to be excrete :

s Metabolism of drugs may lead to:

- Conversion o(actwe‘irug mtd inact ) metabolites - termination

of drug effect. — —————r——

- Convgr_s@m drug in@netabolites - prolongation of

drug effect: FRESS———
Active drugs: Active metabolites: Co
Codei ' —~
ine - Morphine 1
- Conversion o@ti_ve—@g into active metabolites (PRODRUGS):
-— b ——
Inactive drugs: Active metabolites: \
_~ Enalapril - Enalaprilat
. Lidope > (Dopamine) N
. B

- Conversion oE Han-tox]'c drug mto{toxicl metabolites (e.g.

parqcetamol).
<

Biochemical reactions involved in drug metabolism

The drug must ente{r phas‘e\{ of chemical reactions be excreted as water- soluble

‘compou ound. If the dr liable to conversion into water-soluble compound by

phase l, it md’§t enter p aseﬁ)o increase solubility and enhance elimination.
‘?:
% _ A

2
"/ Notes }
\__ i,

21
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Phase | reactions ©1

Microsomal oxidation: |
reticulum N the

mic
- The[smooth endoplas .
' icrosomes
~Tiver h: branous_vesicles((m
o MRS meln_,;,.;__———_l_g} ytochrom P;s0)
contain\oxud!zlng enzyme%(g_ﬁ__f_,, Q_Asti_c;ns
that catalyze gxﬂel_ti_qn-r_eductlon_reg,cﬂ y
(mixeav function oxidases) of drugs and

chemicals.
~ Some drugs and environmental substances

. s can (induce “(increase) or (inhibit _the
)/ microsomal enzyme activity and lead to

\ ————— . _—
'} undesirable drug interactions.

Clinical significance of microsomal enzym¢ induction:

/~ To accelerate degradation of| other drugs e.g.|phenobarbitone) can pe used
treatment of some drug toxicifies. ) . ’\efor

7 To accelerate degradation-os gilirubig e.g./phenobarbitgne can be useq f
treatment of physiological jauRidice in neon " ‘“\Or

Clinical significance of microsomal enzyme(inhibftion: ’

Th i i ‘
ey | rate of metabolism leading to accumulatiomgxicmof other dry
v\gs‘

1

it — . raft rejection
AV~

~

Theophylline - g from
: /Erythromycin ?nt'coa ulant Jevels
NCreased toxici
ty of

theophylline ~

- -

-
-
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|Rod"°“°“= e.g.@r&?educuon o(chlu;}'r&npl1enicol.

-

lﬂyd;gly.s_ls: e.g. hydrolysis of(.\cetylchollne)byél\olinestera_se enzyme.

——

Phase |l reactions (conjugation)

it involve coupling of a drug o its metabolite to fvater-soluble substrate (usually
glucuronic acid) to form water- soluble conjugate

,_-‘_.--..-_.~.‘_>_«- Ll 4 A1]

It is most comnmn[conjugatlon reaction. ((QU{/ s

- It occurs frequently with phenols alcohols, and carboxyhc acids.

- Glucuronide conjugates secreted in _lee can “be hydrolyzed by mtestlnal
Eﬂena and free drug can be reabsorbed aggr@ohepat:c c:rculattonj this
can extend the actnon of drugs.

I ,‘\~< .

P

| Other ngmly_qurgy_@gpmusatlon'

- @hate formation: (e.g. steroids).

Glycinexconjugation: (e.g. saligylic acid).
tG'lUtaﬂthm conlugatuon (e.g. ethacrynic acud)

-——— e e - ——---—‘_..-___.

e

N.B. Breakthrough pregnancy!ll O 5

- Contraceptive pills contai trogan which is metabolized by glucuronide conjugation and

excreted in bile as conjuga
- Intestinal bacteria hydrolyze this conjugate to fo@;st?og\n again which is reabsorbed

and attain long du n (S0 contraceptive pills are given once daily).

- If the woman took contraceptive pills with(bréad-specirum anfibiotics (kills the
intestinal bacteria), estrogen will lose its long duration of action and
pregnancy can OCCur.

= e
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7 ism
. olism (P .
First-pass metab inistration) before reac

. ‘ ; o : - _— % h"ng
£ drugs(at ministration, the [yps—
Definition: (metabolis gOfthe liver _after oral tad =8 afte,
. H e‘ Y —_— e C-
systemic _circulation

ical Sdministration,

inhalation, the _sl(W
— -

(Guifirst:pass metabolism:

= Gastric acidity: benzyl penicillin. N "v-.-m

= Digestive enzymes: €.8. insulin.

Hepatic first-pass metabolism: 3 el

= Complete: sex hormones an ‘erine e U’k'\\
= Partial: proprarolol; mgr_éﬁ/ine, nitrogly ‘

" Nong: atendlol, nd mongnitrates —

How to avoid?

- By increasing th¢ dosd of the drug. _ _ _ _
- By giving the drug through other routes e.g. WF V.

Bioavailability

Definition: it is the fraction of the drug become available f@gm/lc\ejfgx after
administration. The bioavailability of drugs give@
A% & o

Factors affecting bioavailability include:

= First-pass metabolism.

[ Notes C C w
W
- C)v‘o\\
l 1 ——
AUC v T
AUC oy X 100

—_— )
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m Adverse drug reactions (ADR)W‘— I

|- -
i . / )iyt 33U -
An ADR is any response to a drug which is(noxious, unjntendeg, and occurs at
doses used in man for prophylaxis, diagnosis or therapy. =
/ gw__‘ — .

,,
N

Predisposing factors:

= Multiple drug therapy.

= Extremes »grf_@e: due to age related changes in  pharmacokinetics and
dynamics. = ‘
— : , , N -
» Associated disease: e.g. lmgém'ﬂ(renal o’ hepatic function.
» Genetics: can affect the pharmacokinetics.

P

'8

Classification:

l]‘xe{.é(l_\ysmen_t_qc_l ):

These reactions arfTsFedictaHle from the known pharmacology of the drug. They
may result from arnc -exaggerated response (e.g. hypotension from an

angh@gsnve) or ngn-speuficity (e.g. anticholinergic effects with tricyclic
antidepressants). = .

————

Prevention

= Takea g‘arefuI histo_rLfor W.
~= Use[@s small 4 dose as possible commensurate with desired effect.
* Adjust dosage tq\therapeutic end-points, e.g. BP or INR.
s []
a

Adjust dosage tqroptimum plasma concentrations, .g. digoxin.

Adjust dosage in relation to renal functiﬂ)n, hepatic function, or other drugs.
: ;——*__f “%—’

These are less common, less predictable, and may be(severe. Examples are:
* Immunologic(penicilin allergy |

u Gﬂ’eﬁzz haemolysis i PD deficienc \

» Diseasefamoxycillin ash in glandular fever s
‘(Icﬁbsyncratic: mali_gpant yperpyrexia in anesthesia. -

S\ N . »
-‘/—_—_—'—

Prevention B
" Take a{careful drug histogl, especially of allergies

- ( Family history a allergies andgenetic disease -
. ’fvou___gﬁ__*ﬁ drugysusceptible to ADRs in particular disease states, e.@n
———

bone marrow depression. —

=

25
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' Unpredlctable -
_ Dose- _independent

- ndent - (Low incide

¥- Dose-depe Genera”(”ee‘j to ston the dry,g
- High incidence. : nt e
_ May respond to dose adit —

Drugs and pregnancy —
ose, of the drug;(duration
- —

icityl d
Three factors determine the risk ¢ of teratogenicityy

c
administration; and(stage Qf’yin y-

villous atrophy.

= On the placenta: e. g@(
* On the uterus: e.g. ergot ax alkaloids - uterine contractlonsu-/

* Onthe mother’s hormonal balance: e.g. sex hormones.
On the father's sperm: e.g. cancer chemotherapy = sterlllty
v—"’é—

——
—

S ——————— ———— -

o Before mplantatuoni (0-14 day): The effect |{rl—or-noneN e. either death of
the embryo or no effect. ————

= Early Eregnancy'ﬁ 10 weeks):
- [tis the most dangerous period because it |{Enod of orgarﬁ)g—evr;a;

- Selective interference can produce characteristi wrw
We causes phocomelia (abMIImbs)

i
J - Drugsknown to be teratogenic: Cytotoxic drugs, w otoxic drugs, warfarin, and vit A.

e ™

* Late pregnancy:

"'GFa' ss anatomical abnormalities arg Jess liable to occur.
- Functional c_iefects rather than anatomical 3 normalities can occuf
especnallyn organs having delayed forw testesS anq b:n?

f e ), \J =
Notes 1

i
|
|
|
|

) t
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Th FDA|pregnancy categories:

Adequatg,ggdnes in maT anw
A did not show 3 risk to the fetus eltherif v v
the flrs;t orin the |a;g ;g@gs;ers

Animal studies did not show(nsk to the v ?

fetus but there are no adequatestadies in
‘humam ¢ T T

| orrAnimal studies showed § fetal risk, but
) g U adequate studies in human did not show a x v
Y~ risk to the fetus.

Animal studies showed 4 risk to the fetus
\,/r‘\-—
but there are no adequate studies in x ?

C humans the benefits from the use of the
drug in pregnanf women may by )
accegtable{d@spﬁlie its potential risks. Benefit > Risk

There is eVIdence of human(fetal ris but x X

D the potent|a| benefit of the drug may
outwelgﬁ its potential risk.

Benefit > Risk
i Studles ammals rand. humans" showed ? ) ' e '
1 a ‘ :
evudence of etal ris E' The potentlal rusk Cof /I
a‘nypgtentlal breneflt ¢ Risk > Benefit

csa) - K

Recommendations

* Avoid all drugs if possible, |nc|udlnw§ (e.g. smokmg, and alcohol).

* Avoid drugs in theLflrst tnmes_e;
* Choose drugs of proven safety or least tgx city. P pe

" Use short courses and tﬁe smallest doses. /

i A

Notes

- -y
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] teractions,
rlnclples of w ’

)

Classification:

m Pharmacokinetics interactions. 4x«0

...... o

e : S
. Pharmacom’?gg-_,l'l——lﬁ[?ﬂions »e

\\

—e N
£ r ion€ in vitro:
Drug interact invitro: |

— ides form complex<{s wit;t;e\g‘aﬁ Solut@
e.g. Benzylpenicillin and aminoglycosides orm c s eparin '

——

o

P "/7'\//

Drug interactiong in vivo:)

Absorption

Formation of(complexes:

Y YA 3+
® Tetracycline forms complexes witH Ca (l\il_g/;ané;@/ .
P Cholestyramine forms complexes with digitali andm.

——

Absorpti blocked: -

" Adrenalind({, absorption of local anesthetics due to VC. .—
@ Colchicine |, absorption o(?ntamin B1

IS

) I SEIE

Change in(intestinal motiﬁty]

Anticholinergic gr_ugstl, intestinal motility > 4 absorption of some drugs.
. QYW 7 intestinal motility - |, absorption of some drugs.

—_—
Changes ir{gastric pH:)
* (Antacids J, absorption

@/\j of salicylates, —
]

Ketoconazole is poorly absorbe in absence gastric acidity., ,
-

Notes
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jstribution ‘
D///;;::— N v

" f"SUlfonamide‘QiiSplace bilirubin from pl pr in premature infants —)‘keFﬁiEiéﬁ?.ﬂ\

@ Phenylbutazone displaces warfarin -> excessive bleeding: |

T APl R

b

Metabolism gf

« Inhibition or induction of Eﬁi&osomal metabolism.

—
e

= Inhibition ol‘?ﬁn-microsomal enzymes: \
L/-iTon inhibitors | metabolism of some drugs e.g. barbiturates,
benz_odiazepines,/ga_m_tonin and noreEinephrine.\
Didulfiram inhibits{atetaldehyde dehydrogenase enzyme > |- metabolism
ofa_':c___g’iz.ildehyde -> accumulation of acetaldehyde causes flushing, nausea,
vomiting, and tachycardia. — ——

o> 4
Excretion N/ & /
A P /)

* Reduction infurinary elimination: )
— Probenecid | excretion of penicillin. .— d
¥ Aspirin J, excretion of@nethgtrexa;e.

» Changes infurinary pH:)
- (Alkalinization of urine (e.g. sodium bicarbonate) 1" excretion of weak acids
- Acidification of urine (e.g. ammonium chloride) I excretion of weak bases. ,

» Changes in@inary volume: )
Diuretics can reduce the renal toxicity of drugs by reducing the tubular

c%cerltg_’gi_@_@‘_’c_@;oxin e.g. m;nnitol reduces, cisplatin tgxicity.

*  Stimulation of biliary excretion3
% Phenobarbital 4 biliary excretion of many drugs by increasing bott@l\e flow

and th ynthesis of conjugating proteins.

l Pharmacodynamic interactions

¢

" Antagonism: competitive, non-competitive, chemical, physical, ete— ¥
* Synergism: e.g. MAQ,inhibitors can cause toxic synergism with TCA. -—  Z=
X® Potentiation: e.g. ethanol can enﬁgg@ﬂ—s_ depression caused by opioids

_
* Changes in the(lfrﬁcellulpr or @(}E@ar environment: e.g. diuretic-
induceqhypokalemja can 7T digitalis toxicity. , )

——

————
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Review ques“"“s |
arameters.

inetic
. harmacoking
.o the follow!l

Volume of distribution

pka of drugs ,/
Eﬁrrﬂ/nation half life P

» First-pass metabolism .~
Bioavailability g

> .
g e following:
Mention the clinical si pificance of each of th

Volume of distribution Pa
pKa of drugs P |
plasma protein binding of drugs ¢~
Elimination half-life _—"

. Zero-ordereﬁmination L

S

O Microsomal.enzyme induction
Heﬂgg/gmgggﬁon of drugs-

Mentior{ 3 differences between:

= Reversible and irreversible antagonism.
__ Graded response and quantal response.
_s First order elimination and zero order elimination of drugs.
@ Potency and efficacy.
Wp_ygicalland@@antagonism.
% Habituation and addiction.
. Oxidation and conjugation of drugs.

Discuss 2 pharmacEgeneﬁc‘ conditions associated with@c dr‘u@ _

2 Discus@armaﬁoge@c conditions associated with reduced drug response

—

Write shoMtagonism between drugs |
; — |

o

E

5
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