Drug distribution
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Distribution

Drug distribution: means the reversible transfer of drug from one
location to another within the body.

- The distribution of drugs in the body depends on:
1- their lipophilicity
2- protein binding.

Low plasma binding or high tissue binding or high lipophilicity
usually means an extensive tissue distribution.
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Distribution

- In pharmacokinetics, the distribution is described by the
parameter V, the apparent volume of distribution.

- At equilibrium, V will theoretically not be lower than 7 L in a
70-kg person, but it has no upper limit.
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Drug distribution patterns

The extent to which a drug distributes affects the half-life of the
drug and the fluctuation of the concentration at steady state.

Distribution can be thought of as following one of four types of
patterns:

1-The drug may remain largely within the vascular system. Mannitol
and plasma substitutes such as dextran are examples of this type,
but drugs which are strongly bound to plasma protein may also
approach this pattern.



Drug distribution patterns
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Drug distribution patterns

2- Some low molecular weight water soluble compounds such
as ethanol and a few sulfonamides become uniformly
distributed throughout the body water.



Drug distribution patterns

3- A few drugs are concentrated specifically in one or more
tissues that may or may not be the site of action.

lodine is concentrated by the thyroid gland.

The antimalarial drug chloroquine may be present in the liver at
concentrations 1000 times those present in plasma.
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Drug distribution patterns

Tetracycline is almost irreversibly bound to bone and developing
teeth.

Consequently tetracyclines should only be given to young
children or infants in extreme conditions as it can cause
discoloration and mottling of the developing second set of
teeth.

Another type of specific concentration may occur with highly
lipid soluble compounds which distribute into fat tissue.



Drug distribution patterns

4- Most drugs exhibit a non-uniform distribution in the body with
variations that are largely determined by the ability to pass
through membranes and their lipid/water solubility.

The highest concentrations are often present in the kidney, liver, and
intestine usually reflecting the amount of drug being excreted.
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Drug distribution patterns

* Apparent volume of distribution ( V) is a useful indicator of the type of
pattern that characterizes a particular drug.

A value of V in the region of 3-5 liter (in an adult) would be compatible with
pattern 1. This is approximately the volume of plasma.

Pattern two would be expected to produce a V value of 30 to 50 liter,
corresponding to total body water.

Agents or drugs exhibiting pattern 3 would exhibit very large values of V.
Chloroquine has a V value of approximately 115 L/ kg .

Drugs following pattern 4 may have a V value within a wide range of values.



Drug distribution patterns
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Factors affecting drug distribution

1. Lipid Solubility

1. Membrane permeability | 2. pH —pKa

2. Blood perfusion 3. Plasma protein binding
4. Tissue drug binding
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Factors affecting drug distribution

A. Rate of distribution

1. Membrane permeability:

e Capillary walls are quite permeable.

* Lipid soluble drugs pass through very rapidly.

 Water soluble compounds penetrate more slowly at a rate more
dependent on their size.

* Low molecular weight drugs pass through boy simple diffusion. For
compounds with molecular diameter above 100 A transfer is slow.

* For drugs which can be ionized the drug's pKa and the pH of the blood will
have a large effect on the transfer rate across the capillary membrane.



Factors affecting drug distribution

 There are two deviations to the typical capillary structure which result in
variation from normal drug tissue permeability.

i) Permeability is greatly increased in the renal capillaries by pores in the
membrane of the endothelial cells, and in specialized hepatic capillaries,
known as sinusoids which may lack a complete lining. This results in
more extension distribution of many drugs out of the capillary bed.

Sinusoid Capillary (Liver, spleen and bone marrow)

Pericapillary tissue

Microvilli of hepatocyte = ©
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II) On the other hand, brain
capillaries seem to have
impermeable walls restricting the
transfer of molecules from blood
to brain tissue.

Lipid soluble compounds can be
readily transferred but the transfer
of polar substances is severely
restricted.

This is the basis of the "blood-
brain” barrier.

Basement membrane

Lumen of blood vessel

~ @

eutrophil

e Tight junction

N
Blood~-brain L :
barrier m_l’ ® |@ |-Endonelalcel

Brain

The blood-brain barrier (BBB)

— Basement
membrane




Factors affecting drug distribution

2. Blood perfusion rate:
* The rate at which

blood perfuses to

different organs varies widely:

Bone 0.02 5
Brain 0.5 - 0.55 14 - 15
Brain Fat 0.01 - 0.03 2.4
+ Heart B !
0.5 mimin'mi tissue Kidneys 4.0 -4.5 22-24
Muscle Liver 0.8 - 0.95 25-27

% Musele - 0:025-0.0%0 L
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Factors affecting drug distribution

- The rate at which a drug reaches different organs and tissues
will depend on the blood flow to those regions.

- Equilibration is rapidly achieved with heart, lungs, liver, kidneys
and brain where blood flow is high.

- Skin, bone, and depot fat equilibrate much more slowly.
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Factors affecting drug distribution

B. Extent of Distribution
1.Lipid Solubility:

- Lipid solubility will affect the ability of the drug to bind to
plasma proteins and to cross lipid membrane barriers.

- Very high lipid solubility can result in a drug partitioning into
highly vascular lipid-rich areas. Subsequently these drugs slowly
redistribute into body fat where they may remain for long
periods of time.



Factors affecting drug distribution

2. Effects of pH:

- The rate of movement of a drug out of circulation will depend on its degree
of ionization and therefore its pKa.

- Changes in pH occurring in disease may also affect drug distribution. For
example, blood becomes more acidic if respiration is inadequate.

3.Plasma protein binding:

- Extensive plasma protein binding will cause more drug to stay in the central
blood compartment. Therefore drugs which bind strongly to plasma protein
tend to have lower volumes of distribution. (I protein binding = {, V)
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Factors affecting drug distribution

- Albumin comprises 50 % of the total proteins binds the widest range of
drugs. Acidic drugs commonly bind to albumin, while basic drugs often bind
to al-acid glycoproteins and lipoproteins.

- Forces involved:
- Groups on the protein molecules that are responsible for electrostatic
interactions with drugs include:
* NH3+ of lysine
N- terminal amino acids
NH2+ of histidine
S- of cysteine
COO- of aspartic and glutamic acid residues.



Factors affecting drug distribution

- In order to achieve stable complexes, the initial electrostatic attraction is
reinforced by van der Waal's forces and hydrogen bonding.

What is the effect of protein binding on drug action?

1. Extensive plasma protein binding will decrease the amount of absorbed
drug (decrease peak plasma level).

2. Elimination of a highly bound drug may be delayed. Since the
concentration of free drug is low, drug elimination by metabolism and
excretion may be delayed. This effect is responsible for prolonging the
effect of the drug digoxin.
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3. Changes in the concentration of plasma proteins will influence the effect of
a highly bound drug.

A low plasma protein level may occur in:
- old age
- malnutrition

- illness such as liver disease (remember that most plasma proteins are made
in the liver), or chronic renal failure where there is excessive excretion of
albumin.

In each case the result is a smaller proportion of drug in bound form and more
free drug in the plasma. The greater amount of free drug is able to produce
a greater therapeutic effect and reduced drug dosages may be indicated in
these cases.
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{b) Allosteric inhibition

site

Allosteric ﬁ -
inhibit
i  Modulator binds to protein away
Protein without from binding site and activates
modulator is active. the binding site.

4.There may be competition between drugs, in which agents that are
bound very tightly, such as coumarin anticoagulants, are able to displace
less tightly bound compounds from their binding sites.



:High protein bound Guic Lsu¥! (o desane Luie 4 ks

-aSuie ansla.- Warfarin Gue

Digoxin Guaie ws

..aa S Sulfonylureas Lue «s

Sulfonamides antibiotics ....a Ul Sulfonamides 1 s Jsf Luie 4
High protein bound J;.a

L501 Jsaa oS f ,Glibenclamide, Glipizide .a 11 Sulfonylureas
Protein binding 11, Protein bound . gL a<Suie Yu@;“ OLS Jsaa (g Sl
sl 5 agl

L6 s o LS gla LCompetition 1 ds. Luie 44 .o LS

) slae Hls i dhala slas Hls Wae anys [DIGOXIN sl o€ (s sl ala 13] s
* High protein _al sals sa <l jlac¥) cpas 1500 aans Warfarin o u;;\w
“ salac s 53 318 BTy bound

Laie 3 yuas o, Sl High protein bound ;6 s) olsS kel guy
Warfarin _n“.w:ul Jas JN 3 oSae Protein bindingﬁ\ u“"" Competition
I s J.m ) oSas L;qu Sulfonamides i .. .Sulfonylureas 1l ..

Free I o< ) ¥ J31 (5SS oleadl af db o 5 s aal sl INteraction
ST s drug

elsall Jef TOXICItY ey ST Free drug!



Factors affecting drug distribution

* In general, plasma protein binding is reversible and obeys the law of mass

action:

AU &o}| \7)‘)! bl'j‘”a“/—é'.kj,

(free drug) + (albumin) > (drug-albumin complex)
K

[ e £ oons Omplex J1 PV @~ ——Z

Nbewhere k1 and k2 are the association and dissociation rate constants,
respectively.

K, [free drug] x [albumin]

o= = Tarug-albumincomplex]

At equilibrium:

* where KD is the equilibrium dissociation constant. It is a measure of the
affinity of the drug for albumin:
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* The lower the KD — the higher the affinity.

* The higher the KD >the lower the affinity.
T déﬂ:g o 9y W

* As the concentration of drug increases in plasma, the
percent that is bound will decrease.

b@@“ﬁ& Me bv'u&'»ﬁ Q}c \U\\\ be Sal*urq!d



Reversible Llal lab diuae oKa3 el Laie 43 ola Interaction I luas s
S Drug-Albumin complex L. Aloumin 1 . L, Free drug i |
“ Ll clia oLie Reversible dlad b lads K 2 s K 1 cul s Guie 4 (LS 5a
i 7, dsb e Metabolism 4 jLa; Free o< A1 cl5all 30l oF baie 4
AU 8 yo pa sy e e

KD 1) culss 5T KD Guai ta) 13) 3la

1 Je Free alobumin 4t 45,5, Free drug 41 v 0 MK _2/K_1JI
.Drug-AIBumin complex

Lalins g a0l 3] a3l ala |sds 3la

Lower s Higher K_D ; .Higher affinity Lat.. Lower K_D s
oS el o8 L JS . 31 o< Protein binding 41 ey, affinity



Factors affecting drug distribution

4. Tissue drug binding (tissue localization of drugs):

- In addition to plasma protein binding, drugs may bind to intracellular
molecules.

- The affinity of a tissue for a drug may be due to: binding to tissue proteins or
to nucleic acids, or in the case of adipose tissue, dissolution in the lipid
material.

e.g. The concentration of chloroquine in the liver is due to the binding of the
drug to DNA.

e.g. Barbiturates distribute extensively into adipose tissue, primarily because of
their high lipid solubility.

e.g. Tetracyclines bind to bone thus should be avoided in young children or
discoloration of permanent teeth may occur.
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Other distribution considerations

1.Weight considerations:

A- Body composition of the very young and the very old may be quite different from
'normal’, that is the average subject in whom the parameter values may have been
originally determined.

B- Another group of patients in which body composition may be greatly altered from
‘normal’ is the obese. These patients have a higher proportion of adipose tissue and
lower percentage of water.

Thus for drugs which are relatively polar, volume of distribution values may be lower than
normal.

For example the apparent volume of distribution of antipyrine is 0.62 I/kg in normal weight
subjects but 0.46 I/kg in obese patients.

Other drugs such as digoxin and gentamicin are also quite polar and tend to distribute into
water rather than adipose tissue.
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