INSTRUCTOR:

OBJECTIVES.:

PHARMACOKINETICS

Become familiar with blood
Lauren Ball, Ph.D. concentration-time curves to
optimize therapeutic benefits.

After studying this unit, you should be able to:

Describe the meaning of blood concentration — time curves for drugs with respect to

drug efficacy and toxicity;

2. Describe the meaning of drug clearance, half-life, volume of distribution, absorption,
and bioavailability and their value in interpreting blood concentration-time curves;
3. Describe the differences in pharmacokinetics between intravenous and oral dose
administration of drugs;
4. Describe the principle of multiple dosage regimens as well as constant drug infusion
and which factors determine drug levels during such modes of drug administration;
5. Describe how to adjust multiple dosage regimens in order to achieve maximum
therapeutic benefit without producing toxicity.
PROTOTYPE DRUGS: All drugs and chemicals
Blood Levels of Drugs vs. Therapeutic
Effectiveness and Toxicity
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[DRUG] IN BLOOD
A.  Minimum Effective Level
B. 1) Minimum Toxic Level

2) Maximum Effective Level Without Toxicity

C. Therapeutic Range




Blood Levels of Drugs vs. Therapeutic
Effectiveness and Toxicity
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Note!
All drugs have
toxicity extreme!

RESPONSE

[DRUG] IN BLOOD

A. Minimum Effective Level
B. 1) Minimum Toxic Level

2) Maximum Effective Level Without Toxicity
C. Therapeutic Range

[DRUG] IN

Toxic Level

Therapeutic Range

Minimum Effective Level

A. Desired Curve
B. Undesirable Curve - Toxicity
C. Undesirable Curve - No Therapeutic Effect




[DRUG] IN
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Toxic Level

Therapeutic Range

Minimum Effective Level

Onset
Duration
A. Desired Curve Variability
B. Undesirable Curve - Toxicity
C. Undesirable Curve - No Therapeutic Effect
Toxic Level

Therapeutic Range

[DRUG] IN BLOOD

Minimum Effective Level

TIME

D. Intravenous Bolus - Toxicity
E. Intravenous Infusion - Desired Curve
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TIME
Onset

D.Intravenous Bolus - Toxicity Duration
E.Intravenous Infusion - Desired Curve Variability

Therapeutic Blood Levels for Various Drugs

Drug Disease Therapeutic range
(mglliter)

Propranolol Angina 0.02 - 0.20 10-fold
Salicylic acid Aches and pain 20-100 5-fold

Rheumatic fever 200-400 2-fold
Warfarin Thromboembolic diseases 1-4 4-fold
Digoxin Cardiac dysfunction 0.0008 - 0.0016* 2-fold
Phenytoin Epilepsy 10 — 20* 2-fold

*Difficult to deal with
therapeutically.




Variability in Mean Drug Blood Levels for the Antic  onvulsant Phenytoin
(Diphenylhydantoin) in the General Population

Variability due to multiple factors (Genetic, Environmental, Other Drugs, Disease).

Severe
to
mild

toxicities
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Prescribed dose of DPH (mg/kg)

Drug Blood Level - Time Curves
A. L.V. Doses

BLOOD +
I.V.INJECTION ——» TISSUE — ELIMINATION

For therapeutic doses all elimination processes (renal, hepatic) are
generally 1st order, i.e. the rate of elimination is proportional to the amount
present:

Cp log Cp, Logarithmic
decline
- b/23

TIME TIME
log C,, = logC,? — bt/2.3

b = elimination rate constant




Zero order elimination also exists, i.e. the rate of elimination is constant,
independent of the amount present:

Elimination mechanism saturated. For ethanol and for drugs in overdose
situations.

Zero order elimination also exists, i.e. the rate of elimination is constant,

independent of the amount present:
Much slower

than 1st order

Elimination mechanism saturated. For ethanol and for drugs in overdose
situations.




What information can we obtain from blood concentra tion-
time curves?

Clearance (CL): measure of the efficiency by which the body removes the drug
(concept borrowed from physiology, i.e. organ clearance)

AUC =area under concentration-time curve, expressed in concentration x time, e.g.
ng/ml x hr

CL is expressed in ml/min

CL is expressed in ml/min

Ex. CLRenal Atenolol 100 ml/min - GFR o
GFR = 125 ml/min Methicillin 400 miimin - Secretion Why this high?

Ex. CLHepatic Propranolol 1200 ml/min - high CL
QH = 1500 ml/min  Diazepam 30 ml/min - low CL Why this low?




Half-life (t1/2): time it takes for drug concentrations to decrease by one half.

Ex. Atenolol (6 hr), Methicillin (0.8 hr), Propranolol (3 hr), Diazepam (43 hr)

Implications:

Hours

Volume of Distribution _ (V): estimate of tissue distribution.

A larger V4 means greater distribution into tissues and therefore less drug in the blood.

Vd = V, is expressed in liters or liters/kg.

Cp0

Ex. Atenolol (0.55 L/kg), Methicillin (0.43 L/kg), Propranolol (3.9 L/kg), Diazepam (1.1
L/kg)




Relationship between these parameters

Vd Important! Does not say
typ = 0.693 x — that V 4 is related to CL!
CL

How do you use CL, t;,, and V,? - For quantitative expression of the disposition of a
drug.

B. Oral Doses

ORAL INTESTINE BLOOD +

DOSET’ LIVER ™| Tissue_ [T ELIMINATION

What are the differences compared to i.v. doses?

1. Shape of the curve due to the transit time involving gut absorption.

log C AUCj,

AUC,,

TIME

For equal doses (D, = D, ), the AUC_ = AUC,,.

Involves few drugs,
e.g., acetaminophen (Tylenol)




2.Blood concentrations are lower after oral than after i.v. doses. This is
commonly the case:

This could be due to:

a)Incomplete gut absorption
i. Complex formation (drug—drug interaction)
ii. Membrane efflux pumps

b) Metabolism before the drug reaches the systemic circulation, i.e.
presystemic or first-pass metabolism.

BIOTRANS-
FORMATION

BLOOD PORTAL

ELOW VEIN _»

ORAL DOSE
Critically

i. Gut metabolism Ifmportant

ii.Liver metabolism or most
drugs
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Mechanism of presystemic clearance: First Pass effe  ct

Supplemental Figure

When a drug is administered orally, it must transverse the intestinal epithelium, the portal venous system, and the
liver prior to entering the systemic circulation. Once a drug enters the enterocyte, it may undergo metabolism, be
transported into the portal vein, or undergo excretion back into the intestinal lumen. Both excretion into the
intestinal lumen and metabolism decrease systemic bioavailability. Once a drug passes this enterocyte barrier, it

may also be taken up into the hepatocyte, where bioavailability can be further limited by metabolism or excretion
. )

Oral Bioavailability (F):

ng/ml

F = fraction of dose reaching systemic circulation

F =100% for i.v. Dose

F= * * 100




Oral Bioavailability (F):

antihypertensive
drug
propranolol

ng/ml

The half-life is determined as after i.v. doses from the slope and is identical to that
after i.v. doses.

Has to be calculated after the absorption has occurred!

The volume of distribution cannot be determined after oral doses — Only after i.v.
Doses

3. Drug metabolite concentrations are higher after oral than after i.v. doses:

What are the clinical implications?
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3. Drug metabolite concentrations are higher after oral than after i.v. doses:

What are the clinical implications?

Significance?

Self study from p.7
Answers:

Patient A
Ty (hr) 2.5

V,(Lkg) 1.8

Cl (ml/min) 580

Patient B
1.7

1.8

850
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Ex. Estimatet,,, V, and CL for procainamide after a 1 gram i.v. dose to two 70 kg patients (A) and (B).

Hrs after Dose

Blood Concentration (ug/ml)

Patient A Patient B
1 6.0 5.3
2 4.5 3.6
4 2.8 1.6
7 1.3 not detected
pg/mi
Patient A
Answer: ty, 25
Vy 1.8
CL 580

Question: What is different in Patient B versus Patient A?

V4= Dose/Ch°®

Vd
tl/2 = 0.693x —
CL

Watch the units!
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