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Notes

Toshikazu Harada and Yasuhisa Saiki: Pharmaceutical Studies on
Ferns. VlI.1»» Distribution of Flavonoids in Ferns.® (2)

(Shizuoka College of Pharmacy¥*)

The previous paper® reported existence of flavonoid compounds in many ferns,
and showed that they were almost all flavonoid glycosides, but the known flavonoid
compounds number nearly 260, and too many to be determined by paper chromato-
graphy that they must be examined from their hydrolysed products. The fern
flavonoid aglycones were explored by paper chromatography, and obtained new
information. Though, there are nearly 130 kinds of flavonoid aglycones in flowering
plants, most of them are included in a few particular plants and the widely distrib-
uted flavonoid aglycones are merely naringenin, apigenin, luteolin, kaempferol,
quercetin, isorhamnetin, and myricetin. The writers thought that common flavonoids
might exist in ferns and compared them by one dimensional paper chromatography.
Solvents used are AcOH-H,0 (volume ratio 3:2(1), and 3:17(2)) and PhOH saturated
with H;O (8).

According to the writers’ study and to the report of Gage, et al.,? (1) gives good
Rf values for almost all flavonoid compounds and the values become higher in the
order of flavonol, flavone, and flavanone, the smaller the number of hydroxyl groups,
the higher the Rf values become. (2) gives good Rf values only for flavanone and
flavonoid glycosides, and flavone and flavonol aglycones stop near the starting point.
(3) gives Rf for almost all flavonoids, but are occasionaly interfered by other pig-
ments.

In the present experiments, spotty ferns in previous report were compared with
flavonoid samples, and distribution of luteolin, apigenin, kaempferol, and quercetin
in many ferns, and absence of morin, myricetin, isorhamnetin, hesperetin, liquiri-
tigenin, naringenin, acacetin, baicalein, and wogonin were known. Distribution of
matteucinol® and desmethoxymatteucinol,® contained only in Pentarhizidium japoni-
cum Hayata (=Matteuccia orientalis Trautv.), were unknown as obscure coloring in
spite of existence of resembling spots in some ferns.

Therefore, most flavonoids of ferns are indistinct except luteolin, apigenin,
quercetin and kaempferol, and seem new materials or rare flavonoids. Majority of
these ferns are hardly gathered in a large amount and contain less than 0.1% of dry
matter. The writers, therefore, intend to study ferns which can be collected easily.

Tarre I. Paper Chromatogréphy of Flavonoid Aglycones

Rf 100 Color of Spots
Compounds m.p.* AcOH.H,0 H;0O-satd. & —
35 a7 (1) (2)  (3) (4) (5)
Flavones
Apigenin >330 78 04 95 — Y FY Y FYG

* Oshika, Shizuoka (JEHFI—, FFABA).

1) Paper presented at the Annual Meeting of the Pharmaceutical Society of Japan (1955).
2) Part Vi: Y. Kishimoto: J. Pharm. Soc. Japan, 75, 1437 (1955).

3) Part VI: Ibid., 75, 267 (1955).

4) Gage, et al. : Anal, Chem., 23, 1582(1951); Casteel, et al. : Ibid., 25, 508(1953).

5) T. Munesada : J. Pharm. Soc. Japan, 44, 187(1924).

6) S. Fujise: J. Chem. Soc. Japan, 50, 111(1929); ibid., 55, 1024(1934).
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Luteolin
Acacetin
Baicalein
Wogonin
Flavonols
Kaempferol
Morin
Quercetin
Isorhamnetin
Myricetin
Flavanones
Hesperetin
Naringenin
Liquiritigenin
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All melting points are uncorrected.
One-dimensional ascending method :
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Toyo Roshi No. 50,
(1) Under ordinary light in untreated case; (2) under ultraviolet light in untreated case;
(8) under ultraviolet light with use of MgAc,-EtOH solution; (4) under ordinary light
with use of 195 aq. Na;COg; (5) under ultraviolet light with use of 195 aq. Na,COs.

Y Gy

Y Gy
Y-Gy DBr
Y . PBr

Y DY

Y DY
Br DBr

Y DY
Y->G-»V Br

YBr —
YBr LY
YBr Cr
PY Gy

Abbreviations: Bl: Blue Br: Brown Cr: Cream D: Dark F: Faint G: Green
Gy : Gray L: Light P: Pale V: Violet Y: Yellow —: Colorless, — : Color changes
TasLe JI. Detection of Flavonoid in Ferns by Paper Chromatography
Name of Fern® KQAL g;gfsr Name of Fern® KQAL g;gg
Psilotaceae Mecodium badium Cop. 1
Pstlotum nudurz Griesb. 2 M. polyanthos Cop. + 2
Lycopodiaceae M. flexile Cop. 1
Lycopodium Fordii Bak. 1 Nesopteris thysanostoma Cop. +
L Sleboldll Mlq 1 Pteridaceae
L. nikoense Fr. et Sav. 1 Aleuritopteris argentea Fée 2
i- Sim’f”m }:hunb- + . A. Kuhwi Ching var.
. 0OSCurum L. Brandti Tagawa
1{; P; hlegmay Z;Z, L. +, Cheilanthes mysurensis Wall. +
L. ge‘;zztg L. : Cibotium Barowmetz J. Sm. +
Selaginellaceae Cogzi'oegrz(f)anmme intermedia 1
Selaginella tamariscina Sp. + e . .. .
. Coptidipteris Wilfordii Nakai
S. pachystachys Koids. -+ et Momos +
. e
Equisetaceae o Dennstaedtia hirsuta Mett. 1
qu:geéuz; Zamozsszmum Desf. + + D. scabra Moore 1
rattiac
Angiopteris lygodiifolia Ros. -+ Mﬁzggﬁg.;or um flagellare -+ -+
'Olg;rgtzjzxei‘;ommm Und + 1 Onychium japonicum Kuntze 3
B z‘grna z‘um] Sw ) + Pteridium aquilinum Kuhn?) <+ + + 1
B. strictum Und. + 1 Pieris multifida Poir. + 2
B. virginianum Sw. 1 P. cretica L. +
Ophioderma pendulum Pr. -+ 1 var. albolineata Hook. - i
Osmundaceae P, dz'spar Kuntze + -+
Osmunda lancea Thunb 4 1 P, kiuschiuensis Hieron. 1
O. bromeliifolia Cop." : + P. oshimensis Hieron, 2
O cmmeman T p- 4 P. Wallichiana Ag. ++ 1
Glei. cheniaceae ) Pii_l{;jgigz's Masximowiczii 1
Dzlc;:zrrggz‘ems dichotoma + + + 1 Stenoloma chusanum Ching + 3
Schizaeaceae Parkeriacege B
Lygodium japonicum Sw. 1 Ceratopteris szlzngosa Cop. +
Hymenophyllaceae Plaglofgyrla%cege ) )
Gonocormus minutus Bosch. 1 Plagiogyria japonica Nakai 1
Hymenophyllum barbatum 4 P. euphlebia Mett. 2
Bak. P. Matsumuraeana Makino 5
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Other . Other
Name of Fern® KQAL Spots Name of Fern® KQAL Spots
Cyateaceae Polystichum polyblepharum Pr. var. 1
‘Cyatea boninshimensis Cop. 1 Sfibrilosopaleaceum Tagawa 1
Acystopteris j 1 . 1gUuU W
CIJ\’I‘;, f{i ierzs Jjaponica + P. Makinoi Tagawa 2
Athyrium mesosorum Makino + 1 P. Kurokawae Tagawa 1
A, unifurcatum Chr. + P, retrosopalea?eum Tagawa 2
A. iseanum Ros. + Pvar:. ovatopaleaceum Tagawa
A. melanolepis Chr. 1 P. mzcmcézlamys KOfiama 3
A. nipponicum Hance + + P. c;;spe ssoyum Diels, + 1
A. otophorum Koids, 1 s?e;z;ﬁy vium alpestre +
A. Vidalii Nakai 1 Rumohra Standishii Chmg -+ 1
A. yokoscense Chr. 1 R. mutica Ching + 1
A. Wardii Makino + “ 1ng ‘
R, pseudo-aristata Tagawa 1
Bolbitis Nakaii H. Ito 2 . .
R. avristala Ching 1
Clenitis shikokiana H. Ito 2 R. simplicior Ching 9
Cyclosorus goggilodus Farw. ) ;
var. glaber H. Ito +-+ 3 Rvgr. Z?;l.f G&H' Ito i
Cyvtomium Fortunei J. Sm. 3 R' maoLs Clﬁlg
var. clivicola Tagawa 3 - mpponica Lhing 1
C. Yamamotoi Tagwa 1 Sagenia pleropus Moore 1
C. falcatum Pr. 3 Thelypteris palusitris Schott, +
Dictyocline Griffithii Moore 1 7. olzgoghlebm Ching + + 9
Diplaziopsis Cavaleriana Chr. 1 var. é e[;gm’as. Ching
Dryopteris crassirhizoma 5 var. su. z‘?fzpmmzta H. Ito +
Nakai T. laxa Ching 2
D. polylepis Chr. + 7. japonica Ching i
D. tokyoensis Chr. + T. glanduligera Ching + 1
D. cycadina Chr. 1 T. quelpaertensis Ching =+ -+ =+ 1
D. monticola Chr. -+ 1 Blechnaceae
D. sparsa Kuntze +- Struthiopteris amabilis Tagawa 1
D. Sabaei Chr. 2 S. nipponica Nakai 2
D, erythrosora Kuntze 1 Woodwardia orientalis Sw. 2
D. cystolepidota Chr. 1 W. unigemmala Nakai 2
D. hondoensis Koids. 1 Aspleniaceae
D. decipiens Kuntze + Asplenium normale Don, 1
D. Championi Ching 1 A. Trichomanes L. + o+
Gifubenishida (D. kinkiensis 1 A. anceps L. -+
Tagawa) . A. prolongatum Hook. 1
D. sacrosancta Koids. 1 A. Sarelii Hook.
D. varia Kuntze 2 var, pekinense Chr. +
D. gymnop.hylla‘ Chr. 1 A, vifoense Hayata +
D. chinensis Koids. 1 Phyllitis scolopendrium Newm. + 1
D, formosana Hayata + 1 Pol diacea
D. austriaca Woyn. Schinz 1 OAYPO 1aceae . .
et Thell. rtromeris Lehmanni Ching 1
D. amurensis Chr. 2 Cheiropl_ez;rgz ff?,‘sﬁgaﬁ)r- 1
. . var. integrifolia n
glaphylopz‘e.ms fclz;czloba H Ito 3 Colysis elliptica Ching 1
ylfr”e”lgfx;’l"pmm 7yopierts 1 C. pothifolia H. Ito 1
Leptorumohra Migueliana Crypsinus _hasmlus Thunb, 2
H. Ito 1 C. Engleri Cop. +
Maiteuccia Struthiopteris A 9 Drynaria coronans J. Sm. 1
Todaro Lemmaphyllum
Onoclea sensibilis L. I 9 microphyllum Pr. 2
var. interrupta Maxim Lepisorus 4
Pentarhizidium japonicumed 3 Thunbergianus Ching
Hayata L. annuifrons Ching 1
Phegoptleris subaurita Tagawa 2 L. ussuriensis Ching 2
P. polypodioides Fée -+ 1 Loxogramme + 1
Physematium wmanchuriense + Saziran Tagawa ‘
Nakai , L. salicifolia Makino 1
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Other Other
)
M.Name. of Fern?® KQAL Spots Name of Fern® KQAL Spots
icrosovium .o
Buergerianum Ching 2 If;y v Zosz{a tlmg}z:_a Farwl. ;
Prosaptia urceolaris Cop. + 1 - nasiata Lhing
@) Classification of the family according to Copeland: ‘ Genera Filicum *’(1947).

&) Under study by Y. Ohshima (Kyushu University).
¢) Except matteucinol and desmethoxymatteucinol.

Abbreviations : K: Kaempferol, Q: Quercetin, A: Apigenin, L : Luteolin,

The writers express their deep gratitude to Dr. T. Nakaoki for generous gift of luteolin and
to Mr. T. Ohmura for gift of valuable ferns. A part of the expenses was defrayed by a Grant
in Aid for Scientific Research from the Ministry of Education (Representative of the General Re-
search Unit: Prof. T. Kariyone), for which the writers are also grateful.

Experimental

Method of Paper Chromatography—Toyo Roshi No. 50 (2% 40 cm.) was used in one-dimen-
sional ascending method.

Testing Solution of Fern Flavonoids—Dry cut leaves of fern (5~10g.) were extracted with
cold MeOH during 24 hrs. After evaporation of MeOH, its residue was hydrolysed with 59 aq.
H,SO, in boiling water bath for 5~6 hrs. The hydrolysed solution was extracted with EtOAc,
shaking vigorously to extract the precipitate, and the EtOAc extract was concentrated.

Samples of Flavonoid Aglycones—Apigenin was extracted from flowers of Daphne Genkwa Sieb.
et Zucc. Luteolin was given by Dr. T. Nakaoki. Acacetin was from the University of Kyoto.
Wogonin and baicalein were extracted from the root of Scutellaria baicalensis Georgi.?? Quercetin
and myricetin were obtained by hydrolysis of rutin and myricitrin, Morin (Merck). Kaempferol
was extracted from Dicranopteris dichotoma Bernh.? by Kishimoto. Isorhamnetin was from the
pollen of Typha angustata Bory et Chaub.l> Hesperetin was from the pericarps of Citrus Unshu
Marcov.!)  Naringenin was from the pericarps of Citrus Natsudaidai Hayata.!'®  Liquiritigenin
was from the root of Glycirrhiza spp.!®» Matteucinol was from leaves of Pentarhizidium japonicum
Hayata.®

Summary

Flavonoids were explored in 290 kinds of ferns by paper chromatography,
developed with AcOH-H,O (3:2 and 3:17) and PhOH saturated with water, by one-
dimensional ascending chromatography. As a result, luteolin, apigenin, quercetin,
and kaempferol were found in some ferns, but many unknown spots were found
which were assumed to be new materials or rare flavonoids.
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