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Disposition of Drugs in Man by Radioimmunoassay
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THERE are two important roles that drugs play: for the
clinician they are therapeutic agents; for the pharmacol-
ogist they can serve as keys to unlock the fundamental
mechanisms underlying diseases that they ameliorate. If
the correlation is made that a drug is affecting a partic-
ular physiological system and thereby achieving clinical
efficacy, it would be very nice to demonstrate a relation-
ship between plasma concentrations and therapeutic ac-
tion. All too often it is difficult to show the existence of
such a simple relationship; also, there is a great variability
in responses of patients to a drug. As our analytical
methods become more sensitive and improve our ability
to follow the disposition of a drug, we can achieve a
better understanding of this variability. We can monitor
differences in drug absorption, distribution, and elimi-
nation as a consequence of sex, genetic composition, and
the complexity of the disease itself. Also, with the in-
creased sensitivity from today’s analytical methods, we
can follow plasma content of the parent compound and
its metabolites and the disposition of the drug in the
presence of other drugs of interest, i.e., whether transport
or metabolism is facilitated or inhibited. A complicating
factor in the effort to develop a nice relationship between
plasma levels and effects is that many drugs bind to
plasma proteins; consequently the concentration of the
free drug in plasma is not always proportional to the
total drug present.

Since the pharmacological effects of the drug may be
determined by the concentration of the free drug at its
physiological site, it is important to measure the free
drug in the plasma rather than the total drug (which is
free and bound).

In the last analysis, the critical question the clinician
asks is: How does the patient respond to a particular
dose of a drug? Despite such a pragmatic view, one still
attempts to relate clinical improvement with plasma drug
concentrations. If one attempts to generate relationships
between plasma content of a drug and response to that
compound, sensitive analytical methods are necessary.
The analytical methods can also be applied to study the
pharmacokinetics of a drug after either an acute dose of
the steady state levels during treatment. The pharma-
cologists have many methods at their disposal. One of
the methods that possesses sensitivity, specificity, and
ease of operation is radioimmunoassay. Since the assay
requires the development of an antibody and because
most drugs are unable to stimulate antibody production
by themselves because of their size, the drug must be
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coupled to a larger molecular weight substance. Radioim-
munoassay has been developed for many drugs (2).
There are idiosyncratic responses with many drugs.
Jaffe and Martin (5) comment that opioid analgesics and
antagonists produce a wide spectrum of effects in-
cluding allergic phenomena occasionally. Dr. Elliot Vesell
and I followed the disposition of morphine by radioim-
munoassay in 10 normal men. We found a multiphasic
decay curve. Within the first 10 minutes after the i.v.
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F1G. 1. Disappearance of morphine in serum of five subjects during
48 hours after a single i.v. injection of morphine, 10 mg/70 kg.

2102 ‘8 Jaqwiadag uo Ausianiun pesewwey | ye Bio sjeuinofiadse asswieyd woly papeojumoq


http://pharmrev.aspetjournals.org/

%
3
-
>
=
.
<
=
v
0
=
O
é
§

aspet

74 SPECTOR

administration of 10 mg of morphine per 70 kg of body
weight there occurred a very rapid decline. The next few
hours also showed a rapid decline, but not as precipitous
a fall, with a half-life of 2 to 3 hours. However, there was
a very slow decline in 9 out of 10 subjects from 10 to 48
hours postinjection; the decline was slow up to 96 hours.
Figure 1 shows the decline in 5 of the 10 subjects. A
possible explanation for the prolonged presence of mor-
phine in blood is that after i.v. administration a small
amount of morphine may be bound to albumin. This
raises the question whether the morphine bound to al-
bumin is immunogenic and the allergic reactions seen in
a small percentage of the population are the result of IgE
antibody formation. Prolonged concentrations of mor-
phine in the blood may have clinical implications; toxicity
due to drug accumulation in the blood may result from
repeated administration of morphine and, as Vesell and
Page (12) pointed out, this possibility is more likely to
occur in people with slow metabolism or in patients
receiving multiple drug therapy. One might also specu-
late that the deaths associated with overdose of the
opiate alkaloids by addicts could be a consequence of an
anaphylactic response. Those who die from “overdose”
usually are not naive drug takers; however, they have
been self-administering the narcotic under septic condi-
tions and thus one can suspect that the drug is being
administered in the presence of an adjuvant that would
promote the immunogenicity of the bound drug. The
renal, pulmonary, and cardiac symptomatology of those
who die from “overdose” would also suggest anaphylac-
toid symptomatology.

There have been many approaches to detoxify patients
addicted to opiates. The antihypertensive drug clonidine
is currently used to detoxify opiate addicts without elic-
iting opiate withdrawal signs and symptoms (4). It has
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F1G. 2. Procedure for the preparation of clonidine immunogen.
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F1G. 3. Cross reactivity of clonidine analogs for antibody binding
site. The IC50 represents the concentration of unlabeled compound
inhibiting binding of [*H]clonidine to the antiserum by 50%.
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F1G. 4. Crossreactivity of clonidine analogs for antibody binding
site.
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F1G. 5. Crossreactivity of clonidine analogs for antibody binding.

been suggested by Gold et al. (4) that the basis for the
clinical efficacy of clonidine is that it acts at the a; site

- in the locus coeruleus and reduces the increased norad-

renergic neuronal activity seen during opiate withdrawal.
Aghajanian (1) found that although clonidine and the
opiates may not act at the same receptor within the locus
coeruleus, both drugs have similar depressant effects on
locus coeruleus activity. He speculated that the parallel
but independent effects at this site might possibly pro-
vide a basis for the a» agonist, clonidine, to suppress
certain symptoms of opiate withdrawal. With the anti-
bodies one could also localize clonidine and its metabolite
in the central nervous system by immunocytochemical
techniques.

Radioimmunoassays have proved capable of determin-
ing picogram amounts of psychotropic drugs such as
morphine (10), barbiturates (3), benzodiazepines (8), des-
methylimipramine (11), and reserpine (7). Jarrott and I
(6) developed a radioimmunoassay for clonidine for phar-
macokinetic studies. By the procedure outlined in figure
2, an antibody for clonidine was developed that could be
used for immunocytochemical studies to localize its site

. of action. The antibody that was generated showed a

high specificity for substituted phenyliminoimidazolidine
compounds, and an opening on the imidazolidine ring or
a substitution on an imidazolidine N or imino N produced

no crossreactivity (figs. 3-5). A known metabolite of
clonidine, 4-hydroxyclonidine, can be measured by this
assay (9). However, a simple benzene solvent extraction
of plasma before radioimmunoassay allows the selective
assay of clonidine.

Our studies indicated that 60 minutes after the admin-
istration of clonidine, the metabolite 4-hydroxyclonidine
could be detected in the plasma. Since 4-hydroxycloni-
dine is as potent an a-adrenoreceptor agonist as cloni-
dine, it would be interesting to determine whether the
suppressive effects of clonidine on opiate withdrawal are
due to the parent drug or to the metabolite.

Just as the development of antibodies against hor-
mones had an impact on endocrinology, so too will the
development of antibodies against drugs impact on phar-
macology.

Summary

The disposition of morphine and clonidine was inves-
tigated by means of radioimmunoassay. After the admin-
istration of a single i.v. dose of morphine (10 mg/70 kg)
to 10 men who had not received other drugs for two
weeks preceding the study, a multiphasic decline in se-
rum concentrations of morphine occurred. Detectable
blood concentrations of morphine, or a metabolite, or of
both, persisted for up to 96 hours after a single i.v. dose.

The radioimmunoassay for clonidine is capable of de-
tecting as little as 10 pg of clonidine. The antibody fails
to bind 2,6-dichlorophenylguanidine, a known metabolite
of clonidine, while the other metabolite, 4-hydroxycloni-
dine, was as potent as clonidine in displacing labeled
clonidine from the antibody. The disposition of clonidine
in plasma and tissues could be monitored by radioim-
munoassay.
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