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|. GENERAL PRINCIPLES

Distribution:

The reversible transfer of xenobiotics
from one location in the body to another

A. Extent of Distribution

Determined by:

« partitioning across various membranes

*binding to tissue components

*binding to blood components (RBC, plasma protein)
*physiological volumes
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How can we measure the extent of distribution?

Apparent volume of distribution (V)

amount of drug in body

- plasma drug concentration

VOLUME OF DISTRIBUTION FOR SOME DRUGS

DRUG
cocaine
clonazepam
amitriptyline
amiodarone

vd (L)
140
210

1050
~5000

What is the volume of water in
the beaker?

Vlliiie = w
concentration

Volume = M =
10 mg/L

) |Whatis the volume of water in

the beaker?

o Volume =

amount
concentration

Volume = 10& =10L

Img/L
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Adverse Reactions to Phenytoin as a
Function of Serum Albumin
Concentration

% of pts with adverse
reactions

<25 2.5-29 3.0-3.4 3.5-3.9 >3.9

Serum albumin (g/dl)

Data from: Boston Collaborative Drug Surveilliance Program. Clin Pharmacol Ther 14:529-532, IQ;&

I. GENERAL PRINCIPLES
A. Extent of Distribution
B. Rate of Distribution
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Brain ations of thiop I and p barbital after iv administration

in the rat. Adapted from: Principles of Drug Action - The Basis of Pharmacology, p. 264, 1990.
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Time course of thiopental in blood and tissues after

intravenous administration.
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Il. CNS DISTRIBUTION
Three compartments in the CNS:

*blood
*brain

*cerebrospinal fluid (CSF)

Three anatomical barriers

*blood-brain barrier
*blood-CSF barrier
*CSF-brain barrier
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Fig. 3-24. Pathways of drug entey. distribution. snd exit from the central nervons system. Drugs

sy

ter and exit by passive diffusion of the undissociated (anionizedy form or by tranport of

the dissociated tionized! form. Transport i< indicated hy open circles with wrrows in membranes
of various cells. ECF denotes the brain interstitial uid fextracellular Muid). Bulk low of CST is
indicated by arrows extending out of the brain intersititial fhuid (o the CSE and into the venous

simuses. (From Woodbury. ™ with permission. )

Reproduced from: Pratt WB, Taylor P. Principles of Drug Action: The Basis of Pharmacology.

3rd edition, 1990, p. 257.
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Mechanisms of Blood-Brain Barrier
Biotransport

Tight Junction

immaugee-  Passive Diffusion

Carrier-Mediated Etflux Transport
ABC P- MR%)

Transporters for organic anions,
CRH, anionic cyclic peptides.
cationic cyclic peptides, etc.

Carrier-Mediated Influx Transport

Transporters for monocarboxylates,
valproic acid, amines, amino acids,
hexase, nucleosides, glutathione,
small peptides, etc.

Mm—fi=- Receptor-Mediated Transcytosis
1 Transfterrin, insulin

i
» —  Adsorptive-Mediated Transcylosis

Histone, avidin, cationized albumin,

R ebiratide, E-2078, cationic peptides

Brain Capillary Endothelial Cells

From: Tsuji A. Specific mechanisms for transporting drugs into brain, In: The Blood-Brain Bargjer and
Drug Delivery to the CNS. Begely DJ, Bradbury MW, Kreuter J. Marcel Dekker, New York, 2000.

Transport Systems for the CNS

Carrier-Mediated
glucose, amino acids, lactic acid, thryoid hormone
nucleosides

Receptor-Mediated
angiotentin Il, insulin, transferrin

Plasma Protein-Mediated
corticosteroids, androgens, propranolol, estradiol
bupivicaine

Means by which xenobiotics may gain
entry to the CNS:

eappropriate physiochemical properties
«utilize an existing transport

«direct administration into the CNS
«disruption of the blood-brain barrier




Effect of co-administration of methyldopa and neutral

amino acids on brain methyldopa content in rats.
From: Markovitz DC, Fernstrom JD. Science 197:1014-1015, 1977.

Ho COOH
HoN CHa
HO' methyldopa
Ho. COOH
NH,
L-dopa
HO

16

Effect of co-administration of methyldopa and neutral

amino acids on brain methyldopa content in rats.
From: Markovitz DC, Fernstrom JD. Science 197:1014-1015, 1977.
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Effect of co-administration of methyldopa and neutral

amino acids on brain methyldopa content in rats.
From: Markovitz DC, Fernstrom JD. Science 197:1014-1015, 1977.

—o— Control —&— + Acidic Amino Acids

10

Brain Methyldopa
(mcglg)
3

0
0 50 100

Time, min




Role of P-glycoprotein determining brain content of
protease inhibitors. pata from: kim et al. J Clin Invest 101:289-294, 1998.
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Brain Content (ng/g tissue)

Indinavir Nelfinavir Saquinavir

lIl. MATERNAL-FETAL DISTRIBUTION

Mother Fetus

Polar drug —|

Non-polar drug ———— Non-polar drug

l— Polar metabolite
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Polar metabolite —|

Maternal and Fetal Concentrations of Tubocurarine
and Thiopental After IV Maternal Administration in
Humans. pata from: Cohen EN. Anesth Analg 41:122, 1962.

Tubocurarine Thiopental
Time Maternal Fetal Maternal Fetal
5 3.0 0.0 8.5 5.5
6 3.2 0.0 8.0 3.5
9 1.1 0.1 4.8 2.5
11 21 0.1 2.0 1.2




Factors that may influence placental transfer

Factor Effect

Placental blood flow increased delivery of drug

to placental membrane

Molecular size of drug decreased transfer as size

increases
impermeable to drugs MW>1000
permeable to drugs MW<600
Lipid solubility of drug increased transfer as lipid
solubility increases

pKa of drug ion trapping on either side
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IV. DISTRIBUTION INTO BREAST MILK

L
M/Pp=_7tpr7tp
/P =7 o0

M/P - milk to plasma concentration ratio
S/M - skim to whole milk concentration ratio
f, - unbound fraction in plasma

f,, - unbound fraction in milk

fun - unionized fraction in respective fluid
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Concentration-time profile for cimetidine in serum (®)
and breast milk (O) after a single dose in a lactating
female. Reproduced from Clin Pharmacol Ther 58:548-555, 1995.
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