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Commentary

Targeted Drug Delivery— Some
Pharmacokinetic Considerations

Gerhard Levy!

The great interest in targeted drug delivery makes it im-
portant to consider certain pharmacokinetic aspects of this
type of drug administration. In its ultimate form, targeted
drug delivery is a process whereby the drug is carried or
directed by some means to a selected site(s) of action,
whereas little or no drug is carried or directly distributed to
other sites in the body. In these circumstances, the body will
have the pharmacokinetic characteristics of an infinite sink
with respect to the targeted drug. Drug elimination from the
site of action will them be a function of the kinetics of drug
diffusion or transport from the site of action to the rest of the
body, of the blood flow rate (microperfusion) through the
site of action, of localized biotransformation, or of the rate
of dissociation of the drug—receptor complex or other non-
diffusible drug complexes that may be formed in the bio-
phase. Conversely, when a drug is administered by conven-
tional (nontargeted) means, the temporal pattern of drug
concentrations at the site of action is a function of drug con-
centrations in the body (particularly in the plasma) and the
elimination of the drug is a function of its clearance by meta-
bolic and excretory organs and tissues. These basic differ-
ences in the disposition of targeted and conventionally ad-
ministered drug (Fig. 1) have a number of implications that
merit consideration.

Drug targeting should reduce substantially the amount
of drug (the effective dose) required to elicit the desired
pharmacologic effect. Thus, the effective site-of-action dose
(the amount of drug at the site of action, Ag) by targeted
delivery will be much less than the effective body dose (Ap)
by conventional administration. Az can be defined as the
amount of conventionally administered drug in the body re-
quired to obtain an effective site-of-action dose. It is reason-
able to assume that, following targeted delivery, a drug will
be eliminated from the site of action by diffusion, convec-
tion, or transport to the rest of the body, which will act, at
least initially, as an infinite sink. Consequently, it can be ex-
pected that

(a) drug elimination from the site of action during and

following its targeted delivery to that site will, in
many cases, be much more rapid than drug elimina-
tion from the body as a whole by biotransformation
and excretion;

(b) the duration of action of a targeted ‘‘bolus’ dose,

will, in many cases, be much shorter than the dura-
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tion of action of a conventionally administered
bolus dose; and
(c) changes in the biotransformation and excretion ki-
netics or of other processes (such as the liver perfu-
sion rate) that determine the systemic clearance of a
drug by the body will have no effect on the kinetics
of elimination of targeted drug from the site of ac-
tion.
The pharmacokinetic basis of statement b is that the dura-
tion of action (f) of a drug is a function of its elimination rate
constant k as previously reported (1) such that
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where A, is the dose and A, is the minimum effective
amount of drug. For targeted delivery k represents the ki-
netics of the apparent first-order process responsible for the
removal of drug from the site of action, whereas for conven-
tional drug administration & usually reflects the kinetics of
drug elimination from the body as a whole.

Experimental data to illustrate and support these con-
cepts are available from a study by Lyness ef al. (2), who
administered various single doses of different barbiturates to
rats by intracerebroventricular injectioin of a 10-ul volume
of drug solution and determined the duration of action (hyp-
notic effect as reflected by loss of the righting reflex). Intra-
cerebroventricular injection of a very small volume of a cen-
tral nervous system active drug simulates almost ideally the
process of targeted drug delivery as defined here. Lyness ef
al. (2) found a linear relationship between the duration of
action and the logarithm of the administered dose of barbitu-
rate (Fig. 2), as predicted by Eq. (1). The slope of that rela-
tionship for phenobarbital yields a k value equivalent to a
half-life of about 20 min, which is very much shorter than
the systemic half-life of phenobarbital in rats (~ 1 day). (3).
This observation is consistent with concept a.

Chronic administration of phenobarbital is the study by
Lyness et al. (2) caused enzyme induction (which would be
reflected by a decrease in the systemic half-life of the drug)
and functional tolerance (which would be evidenced by an
increase in the minimum effective dose A,;,). Notably, the
plot of duration of action versus logarithm of dose of pheno-
barbital for the enzyme-induced animals was shifted to the
right [as predicted by Eq. (1) for an increase in A,] but the
slope of the plot was essentially unchanged (Fig. 2). This
lack of a change in slope indicates that the value of k re-
mained the same, even though the animals were demon-
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Fig. 1. Basic differences in the disposition of targeted and conven-
tionally administered drug.

strably enzyme induced, and is consistent with concept ¢
and with the underlying assumptions of the discussion (the
body acts as an infinite sink; drug elimination from the target
site is independent of systemic drug Kinetics).

Assuming reversibility of the pharmacologic effect (irre-
versibly acting drugs are outside the scope of this discus-
sion) and stationarity of the system, a desired intensity of
effect produced by targeted delivery of an initial dose of a
drug can be maintained by maintaining the effective dose Ag
at the site of action. To do that requires continuous targeted
delivery at a rate (Ry) which is a function of the & value for
drug elimination from the site of action (now designated kp):

Ry = Agkr (2)

The corresponding relationship for conventionally adminis-
tered drug is

Ry = Agky 3)
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Fig. 2. Relationship between the duration of action and the loga-
rithm of the administered dose of barbiturate.
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where Ry is the rate of drug administration and k is the
systemic elimination rate constant for the drug. Since &k will
usually be much larger than &, the fractional rate of drug
administration (i.e., Ri/Ag or Rg/Ag) required to maintain a
constant pharmacologic effect will be much higher for tar-
geted than for conventionally administered drug. This differ-
ence in the relative maintenance dosage has important im-
plications for the design and development of targeted drug
delivery systems.

If the difference between k¢ and k., is very large, if the
ratio of Ag to Ay is not very small, and if k; does not repre-
sent mainly biotransformation at the target site, then drug in
the body may gradually accumulate during continuous tar-
geted delivery to a point where the body will no longer have
the pharmacokinetic characteristics of an infinite sink. As a
consequence, the amount of drug at the site of the desired
action, and therefore the intensity of the pharmacological
effect, will gradually increase and the selectivity of action
inherent in drug targeting will be lost as drug concentrations
in the systemic circulation continue to rise. To minimize the
likelihood of this loss of selectivity, targeted systems should
be designed to require a very low Ry relative to the Ry of the
drug. This can be done by increasing the selectivity and
specificity of targeting (reducing Ag) or by reducing k (anal-
ogous to the use of a vasoconstrictor to prolong the action of
a local anesthetic in dentistry or the use of a lipid-soluble
prodrug that is converted to a water-soluble active com-
pound at the site of action, where it persists due to the re-
straining effect of a lipoid barrier). It will require very care-
fully designed pharmacodynamic studies to assess these po-
tential problems in the development and evaluation of
targeted drug delivery systems.
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