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Abstract

Uncaria hook is the main component of some Kampo medicines such as yokukansan, yokukansankachinpi-
hange, chotosan, and shichimotsukokato, which are used to treat anxiety and high blood pressure. Uncaria hook
contains various alkaloid ingredients such as corynoxeine (CX), isocorynoxeine (ICX), rhynchophylline (RP),
isorhynchophylline (IRP), hirsuteine (HTI), hirsuteine (HTE), and geissoschizine methyl ether (GM).
However, the pharmacokinetics of these compounds is yet unclear. In this study, we studied the pharmacokinetic
properties of these alkaloids.

This study consists of three chapters. In the first chapter, we developed and validated a simultaneous quantifi-
cation method for Uncaria hook alkaloids using high-performance liquid chromatography with tandem mass spec-
trometry (LC/MS/MS). The results of stability experiments indicate that all analytes were stable under conditions
mimicking situations likely to be encountered during sample preparation, sample storage and post-treatment. This
method was applied to obtain the pharmacokinetics of Uncaria hook alkaloids in the plasma and brain of rats after
oral administration of yokukansan. RP, HTI, HTE, and GM were detected in the plasma, but only GM was found
in the brain. This observation suggests that GM is important for the pharmacological effects of yokukansan.

In the second chapter, we present the metabolic profile of GM. The GM metabolites in the rat and human liver
microsomes were examined using the developed LC/MS/MS method. Thirteen metabolites were detected and
identified. There were two demethylation metabolites (M 1-1 and M 1-2), one dehydrogenation metabolite (M2-
1), three methylation or oxidation-dehydrogenation metabolites (M3-1,M3-2,and M3 - 3), three oxidation
metabolites (M4-1,M4-2,and M4-3), two water-adduct metabolites (M5-1 and M5-2), one di-demethyla-
tion metabolite (M 6-1), and one water-adduct metabolite after oxidation (M 7-1). The main metabolic routes for
the production of these compounds were demethylation, dehydrogenation, methylation, oxidation, and water-
adduct metabolism. To determine which metabolizing enzymes are involved in GM metabolism in the human
liver microsomes, we examined the relative activity factors of individual cytochrome P450 (CYP) isoforms. We
found that CYP3 A 4 was primarily responsible for GM metabolism.

In the third chapter, we examined the distribution of GM in the brain. Specific [* H]-GM binding sites were
determined using quantitative autoradiography in rat brain sections. The maximum binding densities and dissocia-

tion constants were obtained, employing a competitive binding assay in [3 H]-GM-treated brain sections using



various ligands. Strong binding was observed in the frontal cortical region, including the prefrontal cortex, pre-
limbic cortex, and orbitofrontal cortex. The competitive binding assay using various ligands showed that GM
mainly bound to serotonin (5 -HT) receptors, suchas 5-HT | o, 5-HT,4,5-HT,5,5-HT,c, or 5-HT 5 and to
adrenergic o, 5 and p-opioid receptors. A microautoradiographic assay to identify the cells that bind [*H]-GM
showed that the [> H]-GM signals were distributed in neuron-like large cells. These findings provide valuable
insight into the neuropharmacology of GM after the oral administration of the Uncaria hook-containing Kampo
medicine.

In conclusion, our LC/MS/MS simultaneous quantification method can be employed in the pharmacokinetic
studies of Kampo medicines, including Uncaria hook derivatives. The proposed GM metabolic pathway would
supply useful information on the drug—drug interactions and side effects observed in clinical practice. The result
of GM binding in the brain contributes to elucidation of the pharmacological mechanisms of Kampo medicines
including GM and Uncaria hook alkaloids. Our achievement of this study provides information for further studies
regarding the pharmacokinetics and pharmacodynamics of Kampo medicines.
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Fig. 1 The chemical structures of Uncaira hook alkaloid.
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Fig. 2 Concentrations of RP, HTIT, HTE and GM in the plasma after oral administration of Yokukansan
at0.25, 1 and 4 g/kg to rats. Each point represents the mean * SD(n=3).
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Fig. 3 Concentration of GM in the brain after oral administration of Yokukansan at 0.25, 1, and
4 g/kg to rats. Each point represents the mean = SD(n=3).
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Fig. 4 Proposed in vitro metabolic pathways of GM in rat and human microsomes and human CYP
isoforms involved in the metabolism of GM.
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Fig. 5 Autoradiograms of [*H]GM binding in rat brain tissue.
(A) Representative autoradiograms of [*H]GM binding in the four planes of the brain slice.
[*H]GM binding was detected in several brain regions, and was clearly decreased in the
presence of cold GM. (B) Dose-dependency of [*H]GM binding. [*H]GM binding was
increased with rising its concentration, and was partially reduced by cold GM.
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