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The elucidation of relationship between pharmacokinetics and pharmacodynamics of drugs is
pivotal not only for the discovery of novel drugs but also for their optimum clinical uses. Most of
clinically used drugs exert their pharmacological effects by targeting to neurotransmitter receptors
and transporters in the central nervous system (CNS) and peripheral tissues. Therefore, the aim of
our research is to conduct an integrated analysis of pharmacokinetics and pharmacodynamics of
drugs by characterizing drug-target molecule binding under physiological and pathological
conditions. ‘

In previous studies, the binding affinities of drugs to neurotransmitter receptors and transporters
have been evaluated mainly by in vitro experiments using crude cell membranes of native tissues and
human recombinant receptor expressing cell membranes, but such in vitro drug-target molecule
binding characteristics may not necessarily reflect in vivo pharmacological specificity because they
do not take various pharmacokinetic and pharmacodynamic factors into account. Thus,.in vivo
characterization of drug-target molecule binding would provide more practical information for the
understanding of pharmacological effects of drugs. In fact, our current studies have shown that there
are significant differences among tissues (or brain regions) as well as among drugs, in the degree,
duration and tissue selectivity of receptor occupancy following systemic administration of receptor
targeted drugs such as 1,4-dihydropyridine (DHP) calcium channel antagonists,” 1-adrenoceptor
anta’gonists,é'7 thyrotropin-releasing hormone (TRH) analogues,s'w nociceptin receptor antagonists,“
angiotensin II receptor antagonistsl2 and muscarinic receptor antagonists.13 Such in vivo receptor
binding characteristics of these drugs were closely related to their pharmacological specificities.

In this symposium, I focus on in vivo receptor (or transporter) binding and CNS effects of 1,4-
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DHP calcium channel antagonists,”* TRH analoguesg'10 and antidepressants, in relation to their

pharmacokinetics such as plasma concentration and brain uptake.

Calcium channel antagonists

Repeated oral administration of 1,4-DHP calcium channel antagonist, nimodipine in

senescence-accelerated prone mouse (SAMPS) brought about an increased density of L-type calcium
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channel antagonist receptors in the cerebral cortex and hippocampus accompanied by a significant
improvement in the learning deficits as assessed in passive avoidance responses, but similar
administration of amlodipine did not exert such effects. The subsequent in vivo experiments with
tritiated ligands have shown that nimodipine is more extensively taken up into brain from plasma
than amlodipine and binds to the receptor sites in brain parenchymal cells in a significant amount.
Thus, the simultaneous measurement of pharmacokinetics and in vivo receptor binding in mouse
brain suggests beneficial effects of nimodipine on the neurological disorders such as deficits of

learning and memory.

TRH analogues

It is considered that CNS pharmacological effects by TRH and its analogues may be mediated
by the stimulation of TRH receptors in the brain parenchyma. Novel TRH analogues, when injected
intravenously, significantly bind to rat brain TRH receptors and that the TRH receptor occupancy is
closely correlated with CNS pharmacological effects. The capillary depletion analysis in mouse
brain after the intravenous injection of [PH]MeTRH showed that this radioligand was distributed
largely in the brain parenchyma and this distribution was significantly inhibited by co-injection of

TRH and its analogues, suggesting that the transport of this agent into the brain is saturable.

Antidepressant agents

Selective serotonin reuptake inhibitors (SSRIs) such as fluvoxamine are clinically used in the
treatment of depression and other psychiatric diseases. Oral administration of SSRIs (fluvoxamine,
fluoxetine, paroxetine and sertraline) exerted selective binding of serotonin transporter (SERT) in
mouse brain by ex vivo and in vivo experiments (evaluated by [3H]paroxetine binding assay), and the
binding of fluoxetine and paroxetine was of longer duration than that of fluvoxamine. The value for
area under the curve (AUC) for in vivo SERT binding vs time in mouse brain was largest for
fluoxetine among SSRIs, due to relatively longer-lasting occupation of brain SERT. The AUC value
in brain SERT binding after oral administration of each SSRI was greater in the thalamus' and
midbrain than in the cerebral cortex, striatum and hippocampus. The peak and duration of SERT
binding by these agents paralleled generally to those of marble burying behavior in mice and to their
plasma concentrations. These data reveal that SSRIs bind to brain SERT irn vivo and their
pharmacological characteristics are dependent on the SERT binding activity and on the
pharmacokinetics.

Continuous exposure to paroxetine at the therapeutic plasma concentration maintained by
implantation of minipumps produced down regulation of [3H]paroxetine binding sites in each brain
region of mice. In Western blot analysis, expression levels of SERT protein in the thalamus and

midbrain of these mice were significantly decreased. Thus, it has been shown that continuous
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administration of paroxetine induces significant reduction of not only ligand binding sites of SERT
but also the protein expression level in mouse brain. Such down-regulation of SERT may be partly
related to the therapeutic effect of long-term treatment with SSRIs in human. |

The pharmacological effects of extracts of Hypericam perforatum (St John’s wort: STW) were
also characterized. Oral administration of SJW inhibited significantly synaptosomal [*H]serotonin
uptake without exerting SERT binding in mouse brain. SJW significantly inhibited marble-burying
behavior and immobility time of mice in dose-dependent manner, and the time-course of attenuation
by SJW of these behaviors was similar to that of inhibition of brain synaptosomal [*H]serotonin
uptake. These results provide the first in vivo evidence to suggest that the mode of antidepressant
action of SJW differs from that of SSRI. |

In conclusion, it is emphasized that simultaneous analysis of in vivo drug-target molecule
binding in relation to the pharmacokinetics in the plasma and brain may be a powerful way to

characterize pharmacological effects of CNS drugs.
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