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Screening of"]apanese Ferns f01_' Phytoecdysones. | X

HIROSHI HIKINO, TORU OKUYAMA, HISANORI JIN,
" and TSUNEMATSU TAKEMOTO '

Pharmaceutical Institute, Tohoku University®
(Received April 2, 1973)

Japanese ferns from 20 families, representing 76 genera, 283 species, 39 varieties,
and 1 form, have been subjected to screening tests by means of bioassay for the presence
of phytoecdysones. A total of 170 species, 22 varieties, and 1 form have been found to
show the insect moulting hormone activity. The taxonomical relationship is discussed.

After the structural elucidation of ecdysone and ecdysterone, the insect moulting hor-
mones (zooecdysones) from animal sources, steroids identical with or similar to the zooecdy-
sones have unexpectedly been found to be present also in plant sources.® This discovery
has stimulated extensive surveys of plant materials in various parts of the world which have
shown that active substances are widely distributed in the plant kingdom, and further have
resulted in the isolations of a number of closely related congeners, now termed phytoecdysones.®
We have been carrying out screening tests on plant materials by means of bioassay, and from
our earlier experience it has been thought that the crude extracts of ferns especially show the
insect moulting hormone activity in higher frequency than those of the other plant groups.
Although preliminary screening results on some of Japanese ferns have been previously an-
nounced,?% we now wish to report more extensive and systematic survey of Japanese ferns
for phytoecdysones, which has been performed in order to seek new substances and to examine
chemotaxonomical relationships.

Japanese islands lying off the east coast of Asia, long extend from northeast to southwest.
The climate ranges from subarctic to subtropical with a heavy rainfall. These physical con-
ditions make the flora of Japan very rich. Concerning ferns, some 400 species, belonging to
83 genera and 23 families, are recorded in Japan,” from which samples were selected so that
they cover a wide taxonomical distribution as complete as possible. However, since many
species are rare, the present investigation was limited to 251 species, 32 varieties, and 1 form
belonging to 71 genera and 20 families (with the supplement of 32 species and 7 varieties as
well as of 5 genera”), and consequently no representatives were chosen from 8 genera and
3 families. Whenever possible the plant materials were collected at various seasons and/or
locations so that a total of 871 specimens were screened.

1) This paper forms Part XVII in the series on Steroids. Part XVI: H, Hikino, Y. Ohizumi, and T. Take-
moto, Chem. Pharm. Bull, (Tokyo), 20, 2454 (1972).

2) Location: Aoba-yama, Sendat.

3) K. Nakanishi, M. Koreeda, S. Sasaki, M.L., Chang, and H.Y. Hsu, Chem. Commun., 1966, 915; T.
Takemoto, S. Ogawa, and N. Nishimoto, Yakugaku Zasshi, 87, 325 (1967).

4) of., H. Hikino and Y. Hikino, ‘“‘Fortschritte d. Chem. Org. Naturst.,” Vol. 28, ed. by W. Herz, H, Grise-
bach, and A.I., Scott, Springer-Verlag, Wien, 1970, pp. 256—312.

5) T. Takemoto, S. Ogawa, N. Nishimoto, S. Arihara, and K. Bue, Yakugaku Zasshi, 87, 1414 (1967).

6) S.Imai, T. Toyosato, M. Sakai, Y. Sato, S. Fujioka, E. Murata, and M. Goto, Chem. Phavm. Bull.(Tokyo),
17, 335 (1969).

7) There are divided views on taxonomy of Japanese ferns. The classification in this work basically follows
the manual of J. Ohwi (““Flora of Japan,” Shibundo, Tokyo, 1972). Since this manual is not necessarily
complete, certain different or newer taxa have been supplemented so that the classification may lack
unity partially.
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A number of screening methods for the insect moulting hormone activity have been develo-
ped; each has respective advantage. The screening operation used for the present bioassay
was the Sarcophaga test,® which is rather easily carried out and gives quantitative results.

It was reported in a previous paper that the chance of finding the hormone activity
from fresh plant materials was higher than that from dried ones such as crude drugs.®. How-
ever, it was not clear whether the difference in activity between fresh and dried samples arose
fortuitousely or because of decomposition during drying and storing. It was found in the
present work that plant materials showed activity regardless of the conditions; 7.e., fresh or
dried, new and old. In fact, dried specimens 20 years old still gave positive responses.

The insect moulting hormone activities of the pteridophyta species of Japanese origin
were summarized in Table I. Of the total 283 species, 39 varieties, and 1 form of ferns tested,
170 species, 22 varieties, and 1 form (48 genera and 13 families) showed activity towards
insect,® while 118 species and 17 varieties (28 genera and 7 families) exhibited negative res-
ponses. Therefore, it was confirmed that ferns in general show a high probability of contain-
ing phytoecdysones.

Among the ferns found to give positive responses, 51 species and 7 varieties exhibited
remarkable activity. In particular, probability of finding the strong activity was high in
ferns belonging to the families Osmundaceae, Plagiogyriaceae, Cyatheaceae, Aspidiaceae,
Blechnaceae, and Polypodiaceae. On the other hand, it is of interest chemotaxonomically
that 7 families found to contain no active species namely Equisetaceae, Lycopodiaceae,
Selaginellaceae, Ophioglossaceae, Marattiaceae, Schizaeaceae, and Hymenophyllaceae are
those whose degrees of differentiation are considered to be low from a viewpoint of taxonomy.
In spite of the same species being concerned, samples of different collecting dates and/or
locations sometimes showed different responses. In some extreme cases, a specimen was
active while another specimen in the same species was inactive. An interesting example
is Athyrium aphanoneuron which, according to another taxonomical view, is classified into
Diplazium crassiusculum Tacawa (Ibudakekinoborishida,! in Table I), D. dontanum Taroiru
(Kinoborishida,? in Table I), D. donianum Taroiev var. aphanoneuron Tacawa (Atsubakinobori-
shida,® in Table I), and D. lobatum Tacawa (Kirebakinoborishida,* in Table I). Among
these taxa, only D. dontanum exhibits the strong hormone activity and the remaining D.
crassiusculum, D. dontanum var. aphanoneuron, and D. lobatum show only little or no activity.
Therefore, the detailed classification of this group may be significant from the viewpoint of
chemotaxonomy. Further, the results of the present screening test on certain plants are
contradictory to those of the previous reports.>® Therefore, variation of contents depending
upon the seasons and locations may be significant. On the whole, it was noticed that the
activity of a sample collected in autumn tends to be higher than that collected in spring.
Whereupon it follows that description of the collecting dates and locations is considered to be
indispensable to the record of the hormone activity of plant materials.

Experimental

Materials A total of 871 specimens were selected, most of which were wild and some of which were
cultivated at herbal gardens. Samples from whole plants were subjected to the following extraction for
bioassay. Sampling from a large fern was performed so that a sample represented a whole plant as com-
plete as possible.

Preparation of Test Solutions A dried plant material (1 g) in MeOH (20 ml) was heated under reflux
for 2hr. After filtration the extract was concentrated under reduced pressure to give the dried residue which
was dissolved in 109, aqueous EtOH (1 ml). The filtrate was used as a test solution,

Biological Assay- Assays were carried out on larvae of Sarcophaga peregrina as described by Ohtaki,
et al.® Thus, final instar larvae, which at 24 hr after ligation formed puparia at their anterior ends but
did not pupate behind ligature, were employed as test insect.

8) T. Ohtaki, R.D. Milkman, and C.M. Williams, Biol. Bull., 135, 332 (1968).
9) Taxa each of which contains at least one active specimen are counted as positive.

NII-Electronic Library Service



2302 Vol. 21 (1973)

An aliquot of the test solution (10 pl) was injected into each isolated larval abdomen which was kept
at 26°, Ten individuals were used for each plant sample. The assays were evaluated 24 hr after injection
when each abdomen was scored as having undergone complete, marked, slight, or no puparium formation;
these responses being equated to 100, 75, 50, and 09%,, respectively, for the purpose of calculating the weighed
average per cent puparium formation.® The results in Table I are expressed in terms of the activity indexes
as —, -+, 1, i, and i, these indexes being corresponding to the following average per cent puparium
formation: — =0, 0<<+=20, 20<{H=40, 40<}}=60, 60<{=80, 80<{=100%.
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