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Outline 
Overconsumption of Ginkgo biloba seeds induces food poisoning. The main symptoms of Ginkgo biloba seed 
poisoning are tonic and/or clonic convulsions and vomiting. Our group demonstrated that 4´-O-
methylpyridoxine (MPN) is responsible for food poisoning by Ginkgo biloba seeds (Wada et al., 1985). 
Plasma MPN concentration in patients who suffered from the poisoning is analyzed by HPLC in our laboratory 
in response to the doctor’s request. MPN inhibits enzymatic activation of vitamin B6, resulting in vitamin B6 
deficiency and leading to diminished γ -aminobutyric acid (GABA) synthesis (Fig. 1, Kobayashi et al., 2015, 
2019, Sado et al., 2019). Since the food poisoning has occurred frequently in children under six years of age, 
the mechanism of age-related sensitivity to MPN is being studied in our laboratory. 
We recently revealed that extracellular hydrolysis of active vitamins by GPI-anchored proteins alkaline 
phosphatase (Akiyama et al., 2018) and CD73 contributes to the uptake of vitamin B2 and B6 (Fig. 2, 
Shichinohe et al., 2022). 
 
 
Faculty members   
Professor : Naoya HAMAUE, Ph.D.  
Associate professor : Daisuke KOBAYASHI, Ph.D.  
Assistant professor : Toshiki YAMASHIRO, Ph.D. 
 
 
Main research in progress 
1) Epidemiological investigation of food poisoning by Ginkgo biloba seeds 
2) Diagnostic assay of MPN and vitamin B6 analogues in biological specimen (plasma, serum, cerebral spinal 

fluid or urine) of patient of food poisoning by Ginkgo biloba seeds 
3) Metabolisms of 4´-O-methylpyridoxine and their contribution of MPN toxicity 
4) Vitamin metabolism in patient with Hypophosphatasia and Inherited GPI deficiency.   
5) Activation and inactivation mechanisms of vitamins 
6) Synthesis of vitamins and its derivatives 
 

Fig. 1 Effects of 4´-O-methylpyridoxine on  
vitamin B6 activation pathway  

and GABA synthesis.  
(Kobayashi et al., 2015, 2019, Sado et al., 2019) 

Fig. 2 Hydrolysis of FAD and FMN by CD73 and 
ALP for its uptake into cells, vitamin B6 
metabolism and mitochondria function 

 (Shichinohe et al., 2022) 
 

Pyridoxal 
(PL) 

4-Pyridoxic Acid 
(4-PA) 

Pyridoxal-5´-Phosphate 
(PLP) 

Pyridoxal 
Kinase�

N

COOH
CH2OHHO

H3C

N

CHO
CH2OHHO

H3C

N

CH2OCH3
CH2OHHO

H3C

N

CHO
CH2OPO3HHO

H3C

2�

4´-O-Methylpyridoxine 
(MPN) 

Glutamate� GABA�

GAD�

GAD: Glutamate decarboxylase�



Current publications 
 

Sugitate K., Yamashiro T., Takahashi I., Yamada K., & Abe T., Oxytrofalcatin Puzzle: Total Synthesis and 
Structural Revision of Oxytrofalcatins B and C. J. Org. Chem., 88: 9920-9926(2023). 

 
Yamamoto T., Machida T., Tanno C., Hasebe S., Tamura M., Kobayashi N., Hiraide S., Hamaue N. & 

Iizuka K. Low-dose nafamostat mesilate ameliorates tissue injury and inhibits 5-hydroxytryptamine 
synthesis in the rat intestine after methotrexate administration., J. Pharmacol. Sci., 152: 90-102(2023). 

 
Shichinohe N., Kobayashi D., Izumi A., Hatanaka K., Fujita R., Kinoshita T., Inoue N., Hamaue N., Wada 

K. & Murakami Y., Sequential hydrolysis of FAD by ecto-5′ nucleotidase CD73 and alkaline 
phosphatase is required for uptake of vitamin B2 into cells. J. Biol. Chem., 298: 102640(2022). 

 
Tsuchida S., Takahashi R., Yabe K., Hamaue N. & Aoki T., A simple method for preparing a diamino 

cellulose disk from a dialdehyde cellulose disk by reductive amination using 2-picoline-borane. 
Cellulose, 29: 3025–3033(2022). 

 
Emoto M.C., Sato-Akaba H., Hamaue N., Kawanishi K., Koshino H., Shimohama S. & Fujii H.G. Early 

detection of redox imbalance in the APPswe/PS1dE9 mouse model of Alzheimer's disease by in vivo 
electron paramagnetic resonance imaging. Free Radic. Biol. Med., 172: 9–18(2021). 

 
Kamiya A., Machida T., Hirano M., Machida M., Shiga S., Hamaue N., Hirafuji M. & Iizuka K. 

Administration of cyclophosphamide to rats induces pica and potentiates 5-hydroxytryptamine synthesis 
in the intestine without causing severe intestinal injury. J. Pharmacol. Sci., 147: 251–259(2021). 

 
Azuma F., Nokura K., Kako T., Kobayashi D., Yoshimura T. & Wada K., An Adult Case of Generalized 

Convulsions Caused by the Ingestion of Ginkgo biloba Seeds with Alcohol. Intern. Med., 59: 1555-
1558(2020). 

 
Kikuchi K., Hamaue N., Machida T., Iizuka K., Minami M. & Hirafuji M. Effects of nafamostat mesilate 

on 5-hydroxytryptamine release from isolated ileal tissues induced by anti-cancer drugs in rats. 
Biomedical Research (Japan), 41: 253–257(2020). 

 
Machida T., Inotani A., Shiga S., Kon S., Yanada T., Kobayashi H., Hamaue N., Hirafuji M., Iizuka K. 

Role of Nitric Oxide in the Change of 5-Hydroxytryptamine Synthesis in the Intestine by a Consecutive 
Administration of Methotrexate to Rats. Pharmacology, 105: 723–728(2020). 

 
Sado T., Nakata S., Tsuno T., Sato M., Misawa Y., Yamauchi S., Inaba Y., Kobayashi D. & Wada K., 

Concentrations of various forms of vitamin B6 in ginkgo seed poisoning. Brain Dev., 41: 292-295(2019). 
 
Kobayashi D., Food Poisoning by Ginkgo Seeds through Vitamin B6 Depletion (Japanese), Yakugaku 

Zasshi, 139: 1-6 (2019). 
 
Akiyama T., Kubota T., Ozono K., Michigami T., Kobayashi D., Takeyari S., Sugiyama Y., Noda M., 

Harada D., Namba N., Suzuki A., Utoyama M., Kitanaka S., Uematsu M., Mitani Y., Matsunami K., 
Takishima S., Ogawa E. & Kobayashi K., Pyridoxal 5′-phosphate and related metabolites in 
hypophosphatasia: Effects of enzyme replacement therapy, Mol. Genet. Metab., 125: 174-180(2018). 

 
Kobayashi D., Tendo Y., Abe K., Tanda R., Ishikawa M. & Wada K., Ginkgo seed poisoning (Japanese), 

Jpn. J. Pediatr. Med., 50: 703-705 (2018). 
 
 
Contact e-mail address 
 kobadai@hoku-iryo-u.ac.jp 

 


