Volume of distribution and the effects of plasma protein and tissue binding
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Basic Principles of Dose Optimization
J Stark

For an v bolus injection of a drug following a one-compartment body
model, the initial concentration I1s

D
Cpy =—
Vd
where D Is the dose and Vd is the volume of distribution. Vd relates the amount
of drug in the body(D) to the plasma concentration(Cp). In other words, how
large would your body have to be for a given amount of drug to yield a
concentration equal to that seen in the plasma? Keep in mind, however, that Vd

IS not a true volume and the range 1s 7L(practical lower limit) to 40 000L.

Consider 200mg of two different drugs given to the same patient.

Dose Cpo vd
Dug A 200 mg 10 mg/L 20 L
Drug B 200 mg 1 mg/L 200 L
Calculation of Vd: The expression above may be solved for Vd to give
1 D 500mg _50Z

Cpy 5 10mgi L

The 200 mg of Drug B appears to distribute into a larger volume, leaving less In
the plasma. Thus, the plasma concentration is smaller. So, if the doses are the
same, why Is there a 10-fold difference in Vd for these two drugs in the same
patient?

-Cp depends on dose and the extent of distribution. Drug distribution is a very
complex process and depends on the perfusion of the tissues and various
properties of the drug e.g. lipophilicity |, ionization, binding, etc.

Many of the factors influencing drug distribution may be accounted for in a
physiologic model which is based an the plasma and tissue volumes (Ve and V+)
and the degree of binding to plasma proteins and tissues:

Ju
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Vd =Vp+Vy-

~Vp+Vr- K,

where fy, = unbound fraction of the drug in the plasma
and fur= : ¥ 0" T Aissue.
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