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Zero-Order Drug Elimination
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e Also called Saturable elimination.

e Occurs with few drugs (aspirin, phenytoipj,
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ethanol, ..). e Oment. of Gk} Kinds of epilep

e Elimination rate is NOT proportional to the
amount of drug in the body, but a constant
amount is removed per unit time, because of
saturation of the elimination process.
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Zero-Order Drug Elimination

Concentvakion of the J
e Rate of elimination=V__ GE/ K. +C

Where V__, is the maximal elimination capacity, and
K., is the drug concentration at which rate of
elimination is 50% of V
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Curve C represent first-order kinetics v
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r.Depa\Ju\d on the blood Flow
Flow-Dependent Drug Elimination
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Some drugs are cleared very rapidly by the organ of
elimination (liver), so that at clinical concentrations
of the drug, most of the drug perfusing the organ is

eliminated on first pass of the drug through the

we have cethain dr He liver o Jeciens cmmm
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Rate of exlmmatlon is determined by the rate of
hepatic blood flow. M hepatic blod Fiow 1 clmisalion of these dngy
Drugs that have this property are called “high
extration ratio” drugs.=Tiy are eqmaed sgnificmlly during heir SR
Include morphine, lidocaine, propranolol,
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Half-Life (t’2) of Elimination

It debetrqtines, He f"%“"‘fj of J(\:, adminigtretbion within therapethic fange.

It is the time required for the amount Half- |% of drug
of drug in the body or the plasma lives |removed
concentration of the drug (assuming 1 50
first-order elimination) to drop by 50 vemaing
50%. 2 75 12
In this case it is constant, and not 28 vermain
related to dose,__ 3 87.5 ‘'S
After ©4 half-lives, most of the drug 12§ ventating
will be eliminated from the body. 4 93.75 ***
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It is related to first-order elimination
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Half-Life (t’%2) of Elimination

e The half-life is related to volume of distribution
and clearance for drugs that follow first-order
kinetics by the following equation:

Tohual body Cleavurte
a WeASWR for bobth elimindhon and dishribyhon of He.dw.a
£|5= k.Vd—v-wp
t%: =0.693 Vd/CL
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Half-Life (t’%2) of Elimination

e Itis related to dose and plasma concentration
for drugs undergoing zero-order kinetics, and is
NOT constant. Hew its encenirtion degendent

e The higher the concentration, the longer the

half-life of elimination and vice versa.
In the firsk order woresid Grcenhrabion we'h iccrense tie valf ife
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Steady-State

of He Jra concentrahbion to e He therpeathc

e Steady-state is a condition achieved following
repeated drug administration as occurs in
clinical practice. “7# +U”

e It occurs when the rate of drug administration
(dosing rate) is equal to the rate of drug
elimination.

e At steady-state, a constant peak, trough, and

. . ey dHugy i
average drug concentrations are achieved.<=
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Steady-State 3 ths —> G
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e Ste

ady-state is achieved after approximately 4
half-lives of repeated drug administration. 50%
of SS is achieved after one half-life of
administration.

e Our aim during drug therapy is to attain a
steady-state drug concentration (Css) within the
therapeutic range, but NOT subtherapeutic or
toxic.
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—— Plasma concentration

/\/\/\

———— Time in hours

Larger dose profile;
maximum fluctuations
shows both therapeutic
and toxic responses

MTC

Optimum dose profile;
therapeutically
successful

MEC

Smaller dose profile;
minimum fluctuations
but ineffective
therapeutically
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rsﬁvs\‘ ordel Kinelicy
A Soo—— ® Saturating kinetics (Zefo order Kindhicy)
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Loading Dose (LD)
A function of yolume oR disty;ibutions

e When the half-life is too long, steady-state will
take a long time to be achieved.

e Therefore, we may need to give a loading dose
to achieve drug concentration within the
therapeutic range sooner (target
concentration).

LD = VD y gssdesired
desined sreadd shale thefdpaihic concenbvdtion



Maintenance Dose (MD)
A funchion of Clearance o the C"‘:j

e To attain and maintain a desired Css of a drug,
we need to adjust the dose so that, the rate of
drug administration is equal to the rate of drug
elimination.

e Elimination is a function of clearnce.

MD = CL. CsS ;i eq

CsS,..ireq 1S Also called the target concentration.
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Case Scenario

e A volunteer was given a single 400 mg of a
drug by IV injection. Serial blood samples
were taken to analyze for drug level and
construct a plasma concentration-versus-
time curve.
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Results

Time (hours)

Drug concentration
(mg/L)

0.5 23
1 18
1.5 13
2 10
& 7

6 4.7
3 3.1
11 1.75
14 1
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The following semi-log plot of plasma concentration-

versus-time was obtained
Becmsge its adminigdered TWyit weit ort fown 2Zero.
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Ql

Which of the following is the approximate
apparent volume of distribution of the
drug?

5L

10 L

25 L

. 50L

100 L

A4



Q2

What is the half-life of elimination of the drug?
A. 1.5 hours
B. 3.5 hours
C. 5.5 hours
D. 7.5 hours
E. 9.5 hours
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Q3

Which of the following is the first-order
elimination rate constant of the drug?
0.0385 / hour

0.0770 / hour

0.1155 / hour

. 0.1540 / hour

0.1925 / hour

1)
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Q4

Which of the following is the clearance of
this drug?

1 L/hour

2 L/hour

3 L/hour

5 L/hour

10 L/hour
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Q5

What is the maintenance dose every 24
hours if the steady-state therapeutic
concentration of the drug is 10 mg/L?
100 mg

500 mg

750 mg

. 1000 mg

1200 mg

¥



Q6

Does this drug require a loading dose?
A. Yes

B. No
C. I do not know

If the answer is yes, calculate the loading dose.
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