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Abstract

The research began with an investigation of tannins from traditional medicinal plants and resulted in isolation and structure
determination of hundreds of ellagitannins and dehydroellagitannins, as well as their oligomers and oxidized derivatives with var-
ious structures specific to each plant species. These polyphenols have been classified according to the stage of oxidative structural
transformation and oligomerization, into types I-IV and I+ to IV+, etc. Parallels were found between their oxidative transforma-
tions and plant evolution. They were also classified by the linkage units between the monomers, into DOG, GOD, GOG and
DOGOD types (D = Diphenoyl, G = Galloyl, O = Oxygen), etc. Besides their fundamental activities, e.g., reduction and anti-perox-
idation properties, remarkable biological and pharmacological activities of various potencies have also been found, including,
amongst others, inhibition of lipid-peroxidation, mutagenicity of carcinogens and tumor promotion, host-mediated antitumor
effects specific to particular tannin structures, antiviral activity and potentiation of antibacterial activity.
© 2005 Elsevier Ltd. All rights reserved.
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affinity to methylene blue relative to that of geraniin; TNF-a, tumor necrosis factor-o; TPA, 12-O- tetradecanoylphorbol 13-acetate; XOD, xanthine
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* The Tannin Conference Award Address at the 4th Tannin Conference, of the Fall Meeting of the American Chemical Society, Philadelphia, PA,
USA, 22-26 August 2004.
! Present address: Kitakata 3-4-25, Okayama 700-0803 Japan.
* Tel./fax: +81 86 223 2502.
E-mail address: okudatakjp@ybb.ne.jp.

0031-9422/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.phytochem.2005.04.023


mailto:okudatakjp@ybb.ne.jp

T. Okuda | Phytochemistry 66 (2005) 2012-2031 2013

Contents
Lo IntrodUuCtion. . . . . o oo e e 2013
2. Dehydroellagitannins and their oxidized congeners in Geranium thunbergii . . . ... ... .. ... ... ............ 2013
2.1.  Geraniin (1), a crystalline tannin with low astringency . .. .. ... ... ... ...ttt 2014
2.2.  Structural complexity of dehydroellagitannins in solution . . . .......... ... . . . . ... . 2014
3. Oxidative transformations of polyphenol groups in tannins and their classification based on the degree of
OXIAALION. . . o o o e 2014
3.1. Ellagitannins, dehydroellagitannins and their oxidized congeners. ... ............ ... ... .......... 2014
3.2.  Complex tannins and other C-glycosidic tannins . .. ... .. ... ... ...ttt 2015
4. Oligomeric hydrolyzable tannins. . . . .. ... ... ... e 2016
5. Classification of hydrolyzable tannin oligomers based on the linking unit. . ... .......................... 2018
6. Hydrolyzable tannins as chemotaxonomic markers, and the correlation of their oxidation stage with plant
EVOLULION . . . o o 2018
7. Seasonal transformation of tannin structures in Liquidambar formosana leaves, and hydrolyzable tannin production
Incallus CUltUIeS. . . . . . L. 2018
8. Caffeic acid esters with tannin-like activities. . . . . . . . .. .. ... 2018
8.1, Labiatactannins. . . . . .. . ..ottt e e 2018
8.2, Caffetannins . . . . . .. ... e 2020
9. Gallates of flavan-3-ols, their oligomers, other flavonoids, hydroxyquinones and bergenin . . ................. 2020
10. Fundamental activities of tannins — binding, reducing and antioxidant activities . . ... ..................... 2022
11.  Inhibition of lipid peroxidation in animals and the effects on arachidonate metabolism, the activities underlying the
health effects of tannins. . . . . . . ... . 2022
11.1.  Inhibition of lipid peroxidation in rat liver mitochondria and microsomes, in intact eye lens, and of liver
damage by tannins. . . . . . .. ... e e e e 2022
11.2.  Effects on arachidonate metabolism. . . .. ... ... ... 2022
12.  Radical scavenging mechanism in the inhibition of lipid peroxidation. . . .. ......... ... ... . ............ 2022
12.1.  Inhibition of oxidation of methyl linoleate induced by radical chain reactions. . ... .................. 2022
12.2.  Scavenging effects of tannins on DPPH radical. . . .. ... ... ... . .. . ... . . . . . . . 2023
12.3.  Scavenging effects of tannins on superoxide anion radical generated in the hypoxanthin-xanthin
OXIAASE SYSTCIMI. . . o\ vttt it e e e e e e e e e e e e 2023
13.  Antimutagenic activity of tannins on CarCiNOZENS. . . . . . . . vt vttt et e e e e e e 2024
14.  Anti-tumor promotion effects and chemoprevention of cancer. . ... .. ... ... ... ... .. 2024
14.1.  Inhibition of skin-tumor promotion by EGCG, pentagalloylglucose, ellagic acid and C-glucosidic
ellagitannins . . . . .. ... 2024
14.2.  Tumor inhibition in the gastrointestinal tract by EGCG, and incorporation of EGCG into cells. . . . ... ... 2024
14.3.  Inhibition of lung cancer and other tumors by tea polyphenols and ellagicacid. . . .. ................. 2024
15. Host-mediated anti-tumor activity — the most structure-specific activity of oligomeric ellagitannins potentiating host-
mmune defense . . . .. .. ... e 2025
16. Enhancing and suppressing effects of tannins on enzymes, proteins, peptides and amines . . . . ... ............. 2025
17. Antiviral activities exhibited by hydrolyzable tannins, and induction of DNA fragmentation and apoptosis by
gallic acid . . . . .. 2025
18. The effects of orally dosed geraniin (1) on serum lipids, and bioavailability of orally dosed gallates and
ellagitannins. . . . . . ... e e 2026
19.  Additional effects of tannins . . . . . . .. . ... 2026
20, CONCIUSIONS . .« . o vt et e e e e e e e e e e 2026
Acknowledgements . . . . . . . . 2026
References . . . . . . o e 2026
1. Introduction tannins in most medicinal plants were not yet subjected

to modern analyses.

Many tannin-rich medicinal and food plants have

been appreciated for their beneficial effects without

being troubled by any obvious toxicity (Okuda et al., 2. Dehydroellagitannins and their oxidized congeners in
1992a). Research on the tannins in traditional medicinal Geranium thunbergii

plants, presented here, started (Okuda et al., 1975, 1991,

1992a,b, 1995, 1999a; Yoshida et al., 2000) when the A crystalline tannin named geraniin (1), the main

chemical, biological and pharmacological properties of component accounting for over 10% of the dry leaf
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