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1dy state is the
ondition in which the

ge total amount of
drug in the body does
not change over multiple
dosing cycles; the
condition in which the
tate of drug elimination
squals the rate of

administration.
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Steady Stale
- Attained after approximately four hall-imes
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life of the drug (its

&egendem‘ on the
dosage regimen).
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Ther dpeutic window
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= The goal of therapy with a given drug i to achie

and maintain concentrations within a ther apeuflC
response window while minimizing toxicity and/ A

side effects.
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osage regimens
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A dosage regimen is al lc:n for drug dmlmstrc’non

over a period of time.

An optimal dosage regimen results in the achievement
of therapeutic (effective) levels of the drug in the blood
without exceeding the minimum toxic concentration (a
steady state concentration within the therapeutic

window).

To maintain the plasma concentration within a specified
range over long periods of therapy, a schedule of

‘mainfenance doses is used. If it is necessary to achieve

the target plasma level rapidly, a loading dose is used.
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1 Loading dose: The dose required to achieve a

specific plasma drug concentration level (Cp) with a

single administration.

B \

Because this requires filling the volume of
distribution (V), the calculation uses the volume of

distribution (V4) equation as:

= Loading dose = Eg(targe’r) xV‘g? has units of mg
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Maintainance dose

forr
O Mamtenance dose: The dose reqU'reL

R N a IO —
admimstroﬂon to maintain a \‘leg"-'t plosm
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= Because this requires restoring the amount of drt

lost to elimination ‘r earonce ClL), the calculation
uses the clearance equonon as:

~ Maintenance dose =
per time
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Drug Blotransformatloﬂ _ mekabe 1 substan

is changed from one chemical to anoth€
a chemical reaction within the body.

» When blotransformatlon results in metabolites of lower
toxicity, the process Is known as detoxification.
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Where Do Drug Biotransformations OccuUisy

» Although every tissue has some ability to metabolize drugs,
liver is the principal organ of drug metabolism.

» Some drugs may undergo biotransformation in other tissues,
such as the kidney and the intestines.

» After oral administration, many
drugs are absorbed intact from
the small intestine and transported
first via the portal system to the
liver, where they undergo extensive

metabolism. This process is called
= i I_ﬂ ;

the first-pass effect. | T tinay

— Systemic

Hepatic | §
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hy Is Drug Biotransformation

BCESSATY? | e meln st b excicbion tnbhe Kidug
Renal excretion plays a pivotal role in terminating the
biologic activity of drugs, particularly those that possess

solar characteristics.

he kidney can'’t efficiently eliminate lipophylic drugs that
eadily cross plasma membranes and they are reabsorb d
rom the urine in the renal tubules.

However, most drugs are relatively lipid soluble as given,a
-haracteristic needed for absorption across membranes.

Biotransformation is needed to turn nonpolar
compounds into polar ones so that they are easily
excreted by the kidney.
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rug Biotransformation
Biotransfovm ation s the process whereby a substancz"

1S daa ng ed ‘P(OW\ one chewmi ) to ansther ffTQHS‘PDYMQd)\:ij
a chemicel veaction Within the h’dj

It is an important mechanism by which the body
terminates the action of many drugs.

In some cases, it serves to activate prodrugs (Drugs that
are initially administered as inactive compounds and must

' be metabolized to their @ctive forms)




Reactions Of Biotransforioze 3
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» Phase | reactions
» Phase Il reactions

-——

| Following Phase L, the drug may be activated,

unchanged, or most often, inactivated,

Conjugated !
l’susmg.!z lu::l?i. |




Example...
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ase I reactlons

hase | reactions usually convert the parent drug toa
ore polar metabolite by introducing or unmasking a

nctional group (—OH, —-NH,, —SH).

\,,
' ’I?E s Wy \P ,
ase | reactions include: = aransonedion

Oxidation especially by the cytochrome P450 group of
enzymes (also called mixed-function oxidases)

Reduction

Deamination

Hydrolysis. L

ften these metabolites are inactive, although in some
stances activity is only modified or even enhanced.

Example Losartan is converted to its active form by CYP2C9




immary of P450 enzymes

"he P450 system is(important for the metabolism)of many
d_ggenpus compounds (Steroids, lipids, etc.) and for the
iotransformation of exogenous substances (xenobiotics).
ytochrome P450 enzymes (abbreviated as CYP450) are found in
igh concentrations in the smooth endoplasmic reticulum of the
iver.

They are not highly selective in their substrates, so a relatively small
umber of CYP450 isoforms are able to metabolize thousands of

arugs. Esterases

: ) CYP1A1/2 Epoxi

Of the drugs metabolized by phase | e okl W’f“’"ladi,
. CYP2A6 t - DPYD

ochrome P450s, approximately 75% ovetl '

metabolized by just two: CYP3A4
CYP2Deé.

CYP3A4/5




450 1nduct10n LR

e chemicals induce (mcrease) P450 expression by
ancing the rate of its synthesis or reducing its rate of
gradation. |

nsequences of CYP450 induction:
decr ; drug activity if the metabolite is inactive.

drug activity if the metabolite is active.

sased drug toxicity if the metabolite is toxic.



P450 induction
veral drugs can induce CYP450

oreover, exposure to benzo[a]pyrene and other
lycyclic aromatic hydrocarbons, which are present in
dacco smoke and charcoal-broiled meat is known to
uce CYPIA enzymes and to alter the rates of drug
stabolism. L piag

lsozyme. c'rps.ws - s
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' 'Carbamazeplne' L
_ Dexamethasone
S _Phenobarb.'tal"'ifj.'_-_fﬂf;?___
| phenytoin
Rifampin o

;Carbamazepfne _
' Cyclosporine 'jf 5
Erythromycin
 Nifedipine
Verapamil
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CYP450 inhibition g, .c ,, . ....--enig

o ough
» The most common form of |n|;|£)|;t|9’r_1,I§_¢£D£__, &

competition for the same isozyme. -
» The more important CYP inhibitors are erytn rPE');it ,
ketoconazole, and ritonavir, because they each inhi
several CYP isozymes. e

» Natural substances such as grapefruit juice\may inhibit
drug metabolism. e A

» Inhibition of drug metabolism may lead to increased
plasma levels over time with long-
prolonged pharmacological drug e
drug-induced toxicities.

term medications,
ffect, and increased




hase II reactions

subgroups to —OH, —NH,,and —3

“drug molecule.
The subgroups that are added include glucuronate,

acetate, glutathione, glycine, sulfate, and methyl groups.

Most of these groups are relatively polar and make the

product less lipid-soluble than the original drug
are not very

Like phase | enzymes, phase |l enzymes

selective.

'Phase Il reactions involve addition@'@ PR
functions on the

molecule.

il




hase II reactions

Neonates are deficient in this conjugating system, making
them particularly vulnerable to drugs such as

chloramphenicol, which is inacti ted by the addition of

Neonatal jaundice




________

» Drugs already possessing a |
suitable functional group (ie.— | |
OH, —NH,) may enter Phase Il "QLLNH’
Jdirectly and become conjugated | s

without prior Phase |
metabolism. \

» Not all drugs undergo Phase | M. l i

and Il reactions in that order- NQg—m+%—c—
For exampl ISArSE 1 o e 8
acetylated (a Phase Il reaction)

s
by N-acetyltransferase and then s o s s o vt S

vivew. accessmedicing cam

hydrolyzed to iIsonicotinic ACHd o € e et compans 1 o
- (a Phase | Feaction)......... . -
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Fast vs. Slow Acetylators il

» About 5@% of blacks and whites in the USA are slo
acetylators.
» The defect in slow acetylators of isoniazid and SImlla;-

amines appears to be caused by the synthesis of less
anzyme rather than an abnormal

form of it.

» Slow acetylation may lead to
higher blood levels of the drug
and thus, to an increase in toxic

Frequency (individuals)

reactions.

I
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inical Relevance Of Drug Metabolism

he rate of biotransformation can vary markedly between
ifferent individuals due to:

Genetic differences = PR

Age
Gender _
" Diet and environmental factors.

~ Disease state uw,\cgole Qieers
- Other medications -

Soned oW

/ariations in drug metabolism must be considered when

Eﬂl‘&,‘iiﬂ_m-"dff)’mgfa dosage regimen.
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