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Drug clearance

* Drugs clearance by:
1. Hepatic metabolism

2. Excretion (elimination) into the urine or into the

bile

® These elimination process cause plasma conc of

drugs to decrease exponentially




® Clearance include:
1) Clearance by metabolism 2) Clearance of elimination by renal or
bile routes

e Both of these will not be 100% of clearance because we have clearance
by other ways...ex:

1) Saliva

2) Breast milk (for breast feeding mother)

3) mucus secretion

4) sweat

e Clearance of the drug almost reach after few time --->this time
depends on the half life time of the drug.

e Half life: means the time needed for the drug concentration to reach
the half
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time to be cleared from our body

e Metabolism is the major route of clearance because most of the drug is
eliminated by metabolism.



1. Metabolism

Metabolism: is the process of transforming lipophilic drugs

into more polar readily excretable products.

® The liver is the major site for drug metabolism, and other

tissues, such as the kidney and the intestines

® Some agents are initially administered as inactive compounds

(prodrugs) and must be metabolized to their active forms.




e What is the fate of the main objective of this metabolism?

1) Mainly to change the drug from active into inactive.

2) To change drug from non-polar into polar to be secreted by urine (urine
only secrete polar substances).

3) To change the drug to more active (it is one of the main objective, but
not all drugs have this pathway).

® Prodrug: it is a drug that is inactive, administered by oral then
transferred to hepatic circulation, and by hepatic circulation will be
activated (changed by oxidation, or hydrolysis, or certain mechanism
enzymes to more active) and this active drug then is secreted by the
liver by bile, then reabsorbed to the blood stream and then do action.

e Logically, this drug is similar to first pass metabolism but it will not
metabolized to inactive, instead it is metabolized to the active form.

e Other than that, all the drug metabolized to be eliminated (99% of the
drug is eliminated)



Clearance

¢ Clearance :is the amount of drug eliminated from the

body per unit time

0.693 x Vd
t1/2

® CL: clearance (L/hr ) (ml/min)
® Vd:Volume of distribution

CL =

® t1/2: half life of drug (the time it takes to reduce the
drug plasma conc by half)




e If you don't want to be confused by this equation, you can make it into
the original one, which is:

0.693 x Vd
CL

t1/2 _

® So, half life is proportional to the Vd and half life is inversely
proportional to CL

® Vd increases ----- > t1/2 increases ----- > CL decreases
® Clearance decreases because the drug now is not available in our plasma
(it is inside our cells, so it's cleared)

e Liver has enzymes (two phases):

Phase I :

The drug which is lipophilic, will be changed by oxidation to inactive (this
involves enzymes, however the other phase (phase II) doesn't involve
enzymes).

Phase II :
It does by conjugation... for ex: glucuronic acid (this is polar residue).

e We want to divide the metabolism into two phases (means two types of
metabolism): one of the metabolisms depends on the enzymes which is
phase I (without enzymes they don't work, and these enzymes are
machines, and this machine change the drug from active to inactive by
different mechanisms (oxidation, reduction, hydrolysis).



® So we need enzymes in phase I and these enzymes what we call
Cytochrome p450 (p450 is the major name, but we have isoenzymes)
Ex: cytochrome 2C9 can metabolize warfarin ( Li~ll o)

e So warfarin go to this isoenzyme (cytochrome 2C9), but other drugs will
go to another isoenzyme for Ex: 2A10, so not all drugs are metabolized
by the same isoenzyme, but we have certain groups of drugs
metabolized by the same isoenzyme.

e Sometimes, drug go out from phase I in inactive form, but still need
more polar, so it can go into phase II

® Phases of metabolism:

e Drug can go through phase I only

e Drug can go through phase I and phase II
e Drug can go through phase II only

e Phase II depends on a certain soluble residue (for Ex: acetic acids, amino
acids, glucuronic acids), these acids are soluble.

e I conjugate these acids with the drug, so it could be secreted by bile.
e This conjugation is usually inactive ( more polar juas 8,5 all i oSI)
e In general, we have two objective:

1) To change the drug to inactive (don't have any effect on my body)... if

the drug becomes inactive and more polar, it could be eliminated by urine.

2) To change the drug to active...the drug could be more polar but
eliminated

---> so generally you can't guess (because it depends mainly on the
structure).



Kinetics of metabolism

€]

v = Rate of drug metabolism =
Ky +[C]

m

1. First-order kinetics (linear kinetic)

® A constant fraction of drug is metabolized per unit of

time.

® The rate of drug metabolism is directly proportional

to drug plasma concentration and drug dose.

® The metabolism of drugs obey Michaelis-Menten
Vmax [C]
Km

kinetics:

v =rate of drug metabolism =




e Kinetics: it is the means of elimination (the rate of elimination)

e If someone takes over toxic dose:

----> mostly, the greater of the concentration of the drug in the plasma,
the rate of elimination increase (this protection, because when the
overdose increases, the rate of elimination increases by this concentration,
means ---> I can decrease the concentration very fast to the
subtherapeutic level, but not all drugs follow this way (it depends on
factor), so I have two types of kinetics

e Kinetic of elimination has Michaelis-Menten kinetic:

When we talk about the rate of elimination, we talk about enzymes ... and

enzymes have a saturation levels, so metabolism can reach maximum when

all enzymes are saturated.

® When all enzymes are saturated, mean I reach the maximum
elimination... above this we can't eliminate no more.

e V max: means the maximum rate of metabolism or the maximum rate of
clearance when all enzymes are saturated.

e V max is constant because it happens when all enzymes are saturated
and the enzymes are constant.

e Km: is the concentration of the drug at the half elimination rate (means
what concentration I need to eliminate 50% of the drug).
e Km is constant too, because it means half of the enzymes are saturated.

® So we can guess by this equation what is the rate of elimination
depending on the [C] (because the V max and Km are constants).
[C] is the concentration of the substrate in the plasma at any time.



After IV Bolus

Plasma concentration ()

Distribution Elimination

phase phase
4.
1
Most drugs show an
exponential decrease
in concentration with
25 time during the

elimination phase.

Plasma concentration

Extrapolation to time
zero gives C, the
hypothetical drug
concentration
predicted if the
distribution had been
achieved instantly.
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The half-life (the time it takes to
reduce the plasma drug concentration
by half) is equal to 0.693 V4/CL.




Kinetics of metabolism

2) Zero-order kinetics

A constant amount of drug is metabolized per unit of
time.

The rate of drug metabolism is independent of drug
plasma concentration and drug dose.

The enzyme is saturated by a high free—drug
concentration, and the rate of metabolism remains
constant over time




Kinetics of metabolism

2) Zero-order kinetics: (nonlinear kinetics).

* E.g,afew drugs, such as aspirin, ethanol, and
phenytoin

0= 1088 of arug metadollam = Py




' With a fow drugs, such as aspirin, !
ethanol and phenytoin, the doses are
vary largs. Thorefors, the plasima drug
concentration is much greatar than K,
and drug metabolism 15 zero order, that

Is, constant and Independsent of the
drug doss.

Rata of drug matabol sm
g

With most drugs the plasma drug
concentration Is less than K, and
drug slimination Is first order, that
Is, proportional to the drug dosae.




@ : is almost linear
@ : is almost plateau (constant)

e When we give the drug at low concentration and most of the drugs are
given in low doses.

o slepall lphais L paun,dl i lie Sule b oIl dejall (LIS Lial gin
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e The effective dose will not reach the saturation level of the enzyme

e Most of the drug is described in part(l)

e Will the concentration of the drug be less than Km or more?
Less than Km

e If it is less than Km which one now is bigger, Km or substrate?
Km is bigger

Vo [C]

v = Rate of drug metabolism =
K, +[C]

e This equation used in phase I
e [C] is negligible so the equation will be:

Vo]
K

m

v = Rate of drug metabolism =



e First order: means when the drug is at low concentration, and normally
the drug at first order of the kinetics that means that the rate of
metabolism depends only on concentration---> means when the
concentration of plasma increase, the rate of elimination increase, and it
is logic because the enzyme still unsaturated, so more drug means more
elimination.

e Now, what is the effect when the dose is higher than Km? For EX: to
give (phenytoin, aspirin) at high doses?

We give aspirin at low doses for cardiovascular disease (80 mg), and we

give it in high doses for anti-inflammatory drug (350 mg)---> so we give it

in different concentrations, most of the concentrations exceed the

saturation level, so then our drug will be in phase II

e At first, Aspirin will follow first order of kinetics, but when it's
concentration in plasma becomes more than Km (Km<S) then V will be
constant----> Vmax=V

® So, when the drug concentration is more than Km, it is then in phase II,
so any more increase in drug concentration will not increase the drug
elimination

e The Best choice of drug is to be at phase I, because if the drug is at

phase II (Zero order):
1) we can't predict the action
2) we can't predict the half life —
3)we can't predict the time of elimination

—

Because this doesn't depend on
the concentration

e If we give a drug and the concentration of this drug in plasma was 100
mg, after 6 hours it will be eliminated by half, when this drug will be
totally eliminated from the body?

6 6

10043502325

>12.56ﬁ 6.25 —>etc.. nearly 2 days



If I said, 10 mgq is eliminated from a 100 mg drug per 6 hours?
100/10= 10---> 10*6= 60 hours

e Which one is more accurate... percentage or amount?
Percentage---> Lisill Lol Lol aglS Tslyis Lo w8l 1igs 10 JI oSae aaSll ol 4
568 S I e 4oy Lay fraction

e First order has constant fraction of drug eliminated per unit of time
(when we say 50% eliminated by unit of time, this fraction means rate of
metabolism is proportional to the drug concentration, and it becomes
constant concentration is increased.

hypothetical drug
concentration
predicted if the
distribution had been
achieved instantly.

Extrapolation to time
B zero gives C,, the
/

The half-life (the time it takes to
reduce the plaama drug concentration
by half) is equal to 0,693 V J/CL,

In linear relationship, the slope is constant at
any time, so I can calculate the half life

First order kinetics have constant half life
(means have fixed time to eliminate the action
of the drug per unit of time)---> o Jalaill el
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1. Predict when the drug will be act
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¢ Prediction when the drug is eliminated is used in CNS drugs.

o T, ¥ gl ds¥) sl &l el (o clgal clgs o Shift Jael jady Lo LY jaay o8
Caan 550 Saeg SYnergistic action jian

e Drug interaction will occur when the drug is in my body

e Summary:

When the drug is in the plasma, the it will be distributed, if you give IV
bolus there will not be phase of absorption, so it will be distributed
immediately.

elimination d v Sas ¥ Olsall Seliminaton dyias lie £ 550 Oa ol cloall Ja
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(B Y 4w aree Extrapolation: means elimination starts from

concentra tion
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Zero order means that rate of elimination is

IV bolus

The half-life (the time it takes to
reduce the plasma drug concentration
by half) is equal to 0.693 V /CL,

: zero order L juay ol 4oaY

1) Aspirin

2) phenytoin

3) ethanol (for alcoholic drunk)

Jls aldehyde J Jsaii ¢, ethanol e dbls .S Gial ol <Y hepatotoxic agas sia
aldehydeJ Js~i ¢, acetic acid
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JI lsLas saturation enzymes JI ¥ hepatotoxic Joxs |ias oversaturation
ethanol which will attack hepatocytes and make hepatotoxic

EX: phenytoin is a first line for epilepsy and it is a narrow therapeutic
index, if we increased the dose of this drug a little it will be toxic because
it reaches the saturation very fast.

e When the drug in zero order, we can't remove the toxicity of the drug if
we took overdose---> toxic effect of the zero order is high

e Zero order drugs don't have fixed half life, and we can't predict when
the action will start and when it will stop (it's not constant and it's not
predictable)

e First order:

*linear (more concentration, more elimination)
*we can predict half life

*half life is fixed

® Zero order:

*constant (plateau)

*doesn't depend on concentration
*we can't predict the half life



Reactions of drug metabolism

- Soms drugsdacy
unter phasa Il matabollsm.
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Conjugated drg
unchanged, or, moet often, Inactivated,

I5 usually Inactive,




zero order J J<u WIS e o first order o uli Lga¥l S

At low doses the drug is at first order kinetics because saturation level
doesn't reached

At the zero order the dose is vey high (more than saturation level)
Any drug should be at zero order or first order depending on the dose
Generally, most of the drugs don't exceed the 50% because they are
given at doses lower than Km.

Some drugs are polar, means I need to convert it to inactive by
glucouridenation
Some drugs are non-polar and active---> can go into the two phases



Reactions of drug metabolism

1. Phase I reactions:

® to convert lipophilic molecules into more polar
molecules

A. Phase I without P450 system: oxidation,
reduction or hydrolysis reactions. Example ethanol
oxidation

B. Phase I metabolism using cytochrome P450
system

® Cytochrome P450 (CYP450), is composed of many

families of isozymes that are located in the liver and
GI tract




Phase I: most of it use cytochrome p450---> means it uses enzymes
90% of metabolism need enzymes, whereas 10% doesn't need (it could
go through hydrolysis..EX: esters salts could be hydrolyzed in any media
such as PH (hydrolysis doesn't need enzymes for example: ethanol
oxidation)

Ethanol follows phase I and phase II (we have both..saturation and non-
saturation enzymes)

Oxidation of ethanol doesn't need enzymes

We have another pathway which is glutathione which needs enzymes



Reactions of drug metabolism

1. Phase I reactions:

Six isozymes are responsible for the maj ority of P450-
catalyzed reactions:

o CYP3A4/5"
» CYP2D6

o CYP2C8/9 | ilisls i .. tada s
e CYP2C19
e CYP2EI
e CYPIA2._




CYP 3A4/5 metabolize certain drugs but other drugs need CYP2D6

e Isoenzymes: are a collection of enzymes which are available in hepatic
cells and can be metabolized

e cytochrome p450 (i 5,Lc isoenzymes JI <



A. Enzyme Induction

e Substrate:
Drug is metabolized by the enzyme system

e Inducer: Drug that will increase the Synthesis of
CYP450 enzymes

® [t may induce the activity of these enzymes by
inducing the expression of the genes encoding the

enzyme or by stabilizing the enzymes




e metabolism at the HJH u&u: u‘»:tl\g.i.” J\s.&.&\g ,QAL.&J u‘»:sljd Lngs g_.\:u.la ,_)S.a.c
same substrate

e Substrate inducer: (8sx)
isoenzyme J! Joaid ope wys oSee oledl e degans 4ud 4l |gdl
e Substrate activator: (lis)
isoenzymes J/ Lt agfi slse

e Drug A which is an inducer, make the machine (isoenzyme) to work more
and this will metabolize B more, so B will decrease In concentration in
the plasma and then it will reach the subtherapeutic



A. Enzyme Induction
The Overall effect 1s :

increased biotransformation of the substrate drugs

p—
.

2. significant decreases in plasma drug concentrations

3. Decrease in effect of the substrate drug (Target) if the
metabolite is inactive

4.  Decreased therapeutic drug effect.

How to solve this problem:

® To get the same effect from the target drug, you may need to
INCREASE the dose of the target drug

(.




e
Drug metabolism

Cytochrome P450 enzymes




/Enzyme inducers reduce the effect of the |
target drug

Cytochrome P450 enzymes

Enzyme Inducing Drug

N /




e Target drug = A ---> this drug wants to be metabolized and then
eliminated (normal)

e If we give the enzyme inducer drug for EX: rifampin ---> this drug
induces the cytochrome p450 ---> so the rate of metabolism will
increase and the metabolites will be secreted very fast

® liag gap Guic jias T, <———- adb il way ,olela N iy elon Guic Mis (glay
ey T LSl Jsade Gga oSy elall ghaay Ll <-—- treatment failure Joss ¢,
Sard a3¥ g (AT

If you guess that and you can't stop any one of them, you have to

increase the dose of the target drug (A)---> Jaall w3l ¢, deyadl ooy 13



Enzyme Inducers: Examples

e Rifampicin - For Tb patient
e Phenobarbitone ™
e Carbamazepine

e Phenytoin

e Cigarette smoking )

— For epilepsy




e If the therapeutic index = 2, this means:
If we double the dose it will be lethal

® The normal dose is 50mg and I gave him 100mg ----> 100/50= 2

Narrow
therapeutic
index
ULRNEEY)

e Therapeutic index = lethal dose/therapeutic dose (sé5%

e Therapeutic index can't be one because that means therapeutic dose =
lethal dose

e If the therapeutic index= 100---> that means the frug is very safe, and
it means if the dose is 500 mg, you should give the patient 50 g to Kill
him



Isozyme: CYP2C9/10

COMMON SUBSTRATES | INDUCERS
Warfarin
ST Phenobarbital
e Rifampin
Tolbutamide




The inducer will affect only these substrates
Autoinducer agewsly agllal inducing Joais digal

Phenytoin: (inducer+substrate) s, as.syds il 55 1ia

Ibuprofen: ;Siws
Tolbutamide: ¢ Sl ¢lgo

e If we take warfarin and rifampin for a patient to prevent angina--->
s rifampin J1 0¥ ek 138 <———gdall Jans dala slie gay & srel aay oS
=== oo sy 8 e JAaw warfarin JI (GG warfarin J (inducer) jése
b Lasas dhla ssie juay (Saqg <--- Will not reach the therapeutic dose
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B. Enzyme Inhibition

e Inhibitor: Drug that will decrease the metabolism of a
substrate

® Inhibition of CYP isoenzyme activity through
competition for the same isoenzyme.

e This drug interactions can lead to serious adverse
events

° Example: omeprazo]e is a potent inhibitor qf CYP isozymes

responsible for Wazfarin metabolism.

® what is the result ofthis drug—drug interaction?




KEnzyme inhibitors increase the effect of the |

target drug

Greater
Effect

Cytochrome P450 enzymes

Enzyme Inhibiting Drug

N /




Enzyme Inhibition

® Overall effect is an increase in effect of the target drug

* To get the same effect from the target drug, you may
need to DECREASE the dose.

* For example, omeprazole is a potent inhibitor CYP
isozymes responsible for warfarin metabolism. If the two
drugs are taken together, plasma concentrations of
wartfarin increase, which leads to greater inhibition of
coagulation and risk of hemorrhage and other serious

bleeding reactions.




Enzyme Inhibitors

Omeprazole suaall clss Warfarin

Cimetidine Warfarin

A& 6 ;I
el gl et Theophyllin &3 <15

ranitidine PRE

Erythromycin(Antibiotic) cyclosporine .Lacyl il «lss

ketoconazole(antifungal)cyclosporine

& Lgd
Grapefruit Nifedipine, simvastatin — J gyt I

\—}graﬁﬂ ;:Lgd




e If you give a patient warfarin and an inhibitor??
The effect will increase----> it's important to know if the drug is a narrow
therapeutic index(—i3i slass oo T sasl)

e narrow therapeutic JI Lis Jgaall s oSl drugs J/ e waall aags inhibitor J<I
index

e Warfarin: it should be given at exact concentration and dose--> if it's
increase it will cause bleeding, and if it decrease it will cause clot

e If the patient take inhibitors with another drug??

The inhibitor will decrease the metabolism ---> so the drug will stay in our
body longer and the patient will be already took the other doses, so the
drug will be accumulated ---> greater effect ---> then it will reach the
toxic effect especially if the drug is a narrow therapeutic index.



