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Studies on seed harvest stage and seed germination traits of medicinal
bellflower Platycodon grandiflorus A. DC.
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X% 2 7 (Platycodon grandiflorus A. DC.) DH:FESA: & 3R IEIC DWW THRFET L 7=
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HRRIX) TORMIFEL L LT, FHXIEN 20C2#2 5 6 HHhabl&E»#% 12 B
ERBEVVEHREFTEA R TH Y, TORMEIREIL 400CHI% TH-T-.
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Summary
We investigated the different seed-ripening conditions and seed germination traits of
medicinal bellflower (Platycodon grandiflorus A. DC.). The number of seeds per fruit was 92.8
=+ 58.3. Considering the germination rate and the average number of days required for
germination, it is appropriate to collect fruits (seeds) more than 61 days after flowering. In open
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field experiment, the number of days for germination was shortest when the minimum

temperature was 20 C or higher.

Keywords : Platycodon grandiflorus A. DC., germination, seed production, seed-ripening

conditions, germination temperature
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# 3. REOMBSIMNFES R LOFERIFFTE A BRI RT3 (2022 4)

R EAHA RS REEE ETHR/EREE 1004 5 FER ST
(H) n (T) () (mg) (%) FREH(H)
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Summary

Through our inventory survey, lots of medicinal plants were found growing wild in Solomon
Islands, forming the most abundant flora in the South Pacific region. And it was also reported that
three species and three varieties of the genus Uncaria have been collected, and twigs with hooks
are used by custom doctors for tonic, anti-malarial, and diuretic treatment of kidney diseases.
Such abundance this plant suggests that there may be a possibility to be complementary the
resource of U. rhynchophylla which is one of the origins of Uncaria Uncis cum Ramulus.

In this study, morphological and anatomical studies were carried out to establish basic data on
the properties of these plants for the purpose of utilizing them as medicinal resources. And the
alkaloid contents were also analyzed to examine its validity as an officinal plant material of
Uncaria Uncis cum Ramulus.

As our results, this study showed that two species and three varieties of Uncaria plants, Uncaria
acida, U. lanosa and its varieties were distinguishable from each other by hook length, frequency
of occurrence and cell wall thickness of perivascular fibers, and reactivity of the cell contents to
iron ion test solutions. Comparison of the Japanese U. rhynchophylla with “Uncaria Uncis cum
Ramulus™ distributed in Japan, China, and Malaysia showed that the U. rhynchophylla often
have a multilayered epidermis, but instead, some samples showed the development of wound
corks beneath the epidermis. In terms of alkaloid content, rhynchophylline and hirsutine were
found in Japanese sample, while only rhynchophylline was found only in U. I. var. glabrata from
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Solomon Islands. The rhynchophylline content exceeded 0.4% in the spines and 0.8% in the twigs,

suggested the possibility of this variant as a substitute for Uncaria Uncis cum Ramulus.

Keywords: Uncaria Uncis cum Ramulus, Genus Uncaria, U. lanosa var. glabrata, Rubiaceae,

plant anatomy, HPLC analysis, rhynchophylline, Solomon Islands.

Introduction

Solomon Islands, an archipelago nation renowned for
their rich tropical rainforests in the South Pacific
region® 2, cover an area of 28,000 km?, which is
approximately twice the size of Japan's Iwate Prefec-
ture or similar in size to the state of Hawaii®. We have
been conducted field investigation to gather informa-
tion on medicinal plants at local communities on these
islands, are accompanied by vegetation surveys® 4.
Through our investigation, one of the medicinal plants,
Genus Uncaria, possessing various medicinal proper-
ties was found out. Custom doctors in the local com-
munity had utilized its branches and leaves, often with
hooks, for purposes such as tonics, anti-malarial treat-
ment, diuretics, and treatment of kidney ailmentsV.

Uncaria plants distribute 34 species worldwide, and
29 species of them are growing wild in Asia and Aus-
tralia®. Furthermore, plants of this genus are promising
medicinal resources in traditional Chinese medicine,
such as “Uncariae Uncis Cum Ramulus (UUR, Cho-
toko)” and “Gambir (Asen’yaku).” We previously col-
lected three species and three varieties from various
locations such as the Malaita Island, Kolombangara
Island, and the uninhabited Tetepare Island, i.e., Un-
caria acida (W. Hunter) Roxb., U. lanosa Wall., and its
varieties, U. I. var. appendiculata (Benth.) Risdale, U.
I. var. ferrea (Blume) Risdale, U. I. var. glabrata
(Blume) Risdale, and U. longiflora (Poir.) Merr.t: 4
Therefore, recognizing the necessity for a comprehen-
sive accumulation of basic information towards medici-
nal resource utilization, morphological and anatomical
observations, and HPLC chemical analysis on the col-
lected specimens are carried out to understand their
characteristics and attempted to accumulate data on
Uncaria species. Moreover, U. rhynchophylla (Mig.)

Mig., which is one of the resources of UUR®, growing
wildly in Japan also collected. And UUR distributed in
China, Malaysia, and Japan, were also used as compar-
ative materials. This study is a part of the Plant Inven-
tory in the Solomon Islands, with Special Reference to
Medicinal Plant Resources study, in which we clarified
the characteristics of Uncaria plants in terms of both
morphology and composition® 4.

Materials and methods
Plant and crude drug materials (Fig. 1, Appendix)

All voucher plant specimens from Solomon Islands
are deposited in Kochi Prefectural Makino Botanical
Garden (MBK). Part of the plant specimen is also
deposited in National Museum of Nature and Science
(TNS), Japan. Some of the plant specimens and all
crude drug UUR samples are deposited in Kimura Me-
morial Museum, Nihon Pharmaceutical University™*.
Plant specimen corresponds to multiple individuals at
the same location per specimen number. Due to insuffi-
cient sample volume, U. longifolia (Synonym of U.
trinervis Havil.») was not used. Plant of U. rhyncho-
phylla growing Japan is also used in this experiment. In
addition to these examined plant specimens, there are
other exemplary samples stored as herbarium speci-
mens in MBK (Fig. 1b). Plant specimens were identi-
fied by Prof. Watanabe, Dr. Tanaka and Dr. Koyama at
MBK. Each sample of crude drug UUR was assigned
one corresponding number per purchased location.
Each crude drug sample contained three or more hooks
and three or more twigs.

For morphological and anatomical studies, three twigs
and hooks were sampled from each specimen. And for
HPLC analysis, 0.1g of dried sample was utilized from
each specimen. Hooks, twigs and stems were separated



EFAEMINE 46(1)20245F

and powdered from each sample. Specimens for which
affinity was noted were treated as described in the
appendix below. However, during our experiments,
their species was decided to belong to the assigned
taxon by the co-researchers, based on the indicated
affinity. Geographical map of Solomon Islands is

shown in Fig. 2. Detailed data of plant specimens and

crude drug samples were listed in the appendix.

Methods 1. Plant morphology and anatomy

Plant samples were prepared by cutting hook-bearing

twigs from dried plant specimen or living plants. Crude

Fig. la Twigs and hooks samples of Uncaria
spp. in Solomon Islands.

A: Uncaria acida (SIMB 293),

B: U. lanosa var. lanosa (SIMB 48),

C: U. lanosa var. ferrea(SIMB 365),

D: U. I. var. glabrata (SIMB 191),

E: U. . var. glabrata vel aff. (SIMB 1193).

Fig. 1b Herbalium specimens of Uncaria
spp. in Solomon Islands.

A: Uncaria acida (SIMB 293),

B: U. lanosa var. lanosa (SIMB 48),

C: U. lanosa var. ferrea (SIMB 365),

D: U. |. var. glabrata (SIMB 191),

E: U. |. var. glabrata vel aff. (SIMB 1193).



drug samples were derived from twigs or hook-bearing
twigs of Uncaria plants. Samples for microscopy were
carefully selected from the general ones. For anatomy,
sectioning position was selected on the twigs where the
tissue is sufficiently formed. The sample was cut within
ca. 5 mm in length, soaked in water, and sectioned with
freezing microtome to obtain transverse section (here-
inafter called transection). Transections were prepared
to be 10 to 20 um thick. Sectioned samples were
stained with Sudan 111 solution, FeSOs and FeCls test
solutions, and phloroglucinol ethanolic solution and
hydrochloric acid were applied for observation of ligni-
fied and suberized tissues in the sections”. Some of the
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samples were applied one of the bleaching solution,
Eau de Javell, to restore the tissue structures”. Mea-
surement of cells or tissues was performed in the sec-
tions through bleached preparations except applying
raw preparations with FeSO4 and FeCls test solutions.

2. Chemical HPLC analysis

In this study, due to the limited quantity of samples,
HPLC analysis was performed on samples for which a
sufficient amount was available for this experiment.
Table 1 and in the appendix with * show materials used
in the experiment. The test samples were powdered
dried stems, twigs, and hooks.
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Table 1. Plant materials used for the HPLC analysis.

Fig. 2 Collection localities of Solomon Islands.

Sample No. Species Localities vear a(rll(c)lur'non th
SIMB 2035 Uncaria acida (W. Hunter) Roxb. Malaita Is., Solomon Islands (SI.) Sep., 2011
SIMB 365 U. lanosa var. ferrea (Blume) Risdale Kolombangara Is., SI. Aug., 2008
SIMB 191 U. lanosa var. glabrata (Blume) Risdale New Georgia Is., SL Aug., 2008
SIMB 1193 U. lanosa var. glabrata (Blume) Risdale vel aff. Russell Is., SI Jan., 2010
SIMB 48  U. lanosa Wall. var. lanosa Malaita Is., SI. Sep., 2007
Kochi 1 U. rhynchophylla (Miq.) Migq. Susaki city, Kochi pref., Japan Dec., 2023
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Reagent

Rhynchophylline standard preparation (Matsuura
Yakugyo Co., Ltd.). Hirsutine standard preparation,
ethanol, methanol, acetonitrile, acetic acid, formic acid
(Fujifilm Wako Pure Chemical Corp.). Chitosan
(Nacalai Tesque Inc.).

HPLC analysis

Device: Nexera X2 system (Shimadzu Corp.); Analy-
sis conditions: Column, Imtakt CD-C18, 2x150 mm, 3
um; Mobile phase, A-aqueous CHsCN (0.1% Formic
acid), B- CHsCN 10 % (0 min) — 50 % (20 min); Flow
rate: 0.3 mL/min; Injection volume: 1 /¢ L; Measure-

ment wavelength, 245 nm; Colum temperature, 40°C.

Extraction and quantification

5 ml of ethanol was added to 0.1 g of the dried
powder sample, extracted at room temperature for 24
hours, and the supernatant was collected after centrifu-
gation (15,000 rpm, 10 minutes). HPLC chromato-
grams of rhynchophylline and hirsutine are shown in
Figs. 3. The concentrations and contents of rhyncho-
phylline and hirsutine were calculated from the peak
areas and calibration curves obtained using these stan-
dard products.
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Fig. 3 HPLC profiles of Rhychophylline (1) and Hirsutine (2).
Results hooks among our specimens compared. The results of

1. Morphological and anatomical studies
General morphology and anatomy of twigs and
hooks on Genus Uncaria

1. General morphology of hook-bearing twigs and
stems (Table 2)

Short cut twigs with hooks and stems were obtained.
Samples contain both distichous and solitary hook(s).
Hook-bearing twigs are 1.4 to 5.0 mm in diameter,
while twigs without hooks are more than 6.0 mm in
diameter. Both hook-bearing twigs and stems are
prismatic to cylindrical. Hooks are present only on
twigs. Both twigs and hooks are reddish brown to dark
brown in color. Hooks are 10 to 38 mm in length,
curved and acuminate. There appears to be some inter-
specific differences in length, colors and shape of

external morphology on twigs and hooks are summa-
rized in Table 2.
2. General anatomy of twig (Figs. 4, 5, Table 2)

Shape of transection is circular to rounded square.
And the side of the square shape is concave to convex
in shape. Outermost part of twig consists of epidermis.
Cuticle covers the outer wall of the epidermal cells.
Unicellular hairs sometimes arise. The outer periclinal
epidermal cell walls are often thicker than the inner and
anticlinal cell walls. Epidermis is single layer in gener-
al. Multiple epidermis with periclinal divisions is found
only in the twigs of U. rhynchohylla and the samples of
UUR at this time. In such multiple epidermis, its cell
wall is often suberized® ®. Cork cells often arise
beneath the epidermis. In primary cortex, one to several



cell layers of thin-walled parenchyma cells and three to
six layers of parenchymatous or collenchymatous cells
are observed. The innermost part of cortex consists of
perivascular fibers. Diameter and their cell wall thick-
ness vary in species. Endodermis is absent. In second-
ary phloem, sieve tissues and secondary phloem fibers
are observed. Cell walls of the secondary phloem fibers
are usually thinner than those of perivascular fibers. In
secondary xylem, vessels, xylem fibers, xylem paren-
chyma are observed. Vessels are scalariform, reticulat-
ed and bordered-pitted with simple perforation, and are
40to 170 £ m in maximum diameter. In center of tran-
section of twig, pith is mostly hollow. From cortical
parenchyma to pericycles, tissues are often found con-
taining substances which are stainable with FeSO4 and
FeCls" test solutions. Brown substances sometimes fill
xylem parts, but they are not stained neither FeSOs nor
FeCls test solutions. Crystal sand is often found in cor-
tical parenchyma, ray parenchyma in phloem, and pith.

3. General anatomy of hook-bearing hook

Tissue morphology of hooks is very similar to that of
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twigs. In primary cortex, suberized epidermis some-
times arises. It is difficult to find out the interspecific
differences on the anatomical morphology of hooks of
genus Uncaria each other. Hereinafter, anatomical fea-

tures of the twig are described.

Anatomical morphologies of twig on each species of
the genus Uncaria from Solomon Islands and Japan
(Figs. 4, 5, Table 1).

Uncaria acida Roxb. (Figs. 4, 5-A) In outermost
part, epidermis is a single layer. Cork layers sometimes
occur and may replace epidermis. Epidermal cells are
eight to 48 1« m in tangential diameter. Beneath the epi-
dermis in cortex, cork cells often arise up to five layers
in case (Fig. 4b-A). In cortical parenchyma, contents
are stained strongly with FeSO4 and FeCls test solution
(Fig. 4c-A). Perivascular fibers are 25 to 60 £ m in
maximal diameter, and their cell walls are five to 20 1
m in thickness. In secondary phloem, secondary
phloem fibers are frequently observed. In xylem, ves-
sels are relatively large, and measured 48 to 165 1+ m in

diameter.

Table 2. Morphological and anatomical characteristics on hook-bearing twig of Uncaria plants from Solomon
Islands and Japan, and “Uncariae Uncis cum Ramulus (UUR)” and China, Malaysia and Japan.

Uncaria U. I var. U. 1. var. U. I var. Uncaria Uncis
acida U. lanosa appendiculata ferrea glabrata U.rhynchophylla %én%ums**

EXTERNAL MORPHOLOGY

Twig

Diameter (mm) 1.7-2.9-4.6 2.4-3.0-3.5 1.5-2.2-3.2(9.7) 1.6-2.5-3.3 1.4-2.4-3.5 1.6-2.3-3.1 1.0-3.1-5.0
Hook

Length (mm) 15-21-22 11-18-25 14-19-27 17-27-34 15-27-38 20-24-35 14-24-36
ANATOMY: Epidermis

Multiple type - - - - - + +
Tangential diam.(um) 8-26-48 20-22-23 27-30-38 15-20-25 10-28-43 17-23-32 27-28-31
Radial diam.(um) 4-11-19 3-5-8 17-20-22 5-13-19 5-18-27 10-15-22 15-18-20
Cork*

Number of layers 0~5 0~5 0~6 - 0~5 0~4 0~4
Tangential diam.(um) 18-40-55 25-33-35 34-40-55 - 20-28-33 13-21-40 11-15-26
Fe solution reactive substances

Reaction strength o~ ++ i + o~ £~ 4t i~ o+ o~ At
Perivascular fiber

Maximal diameter(um) 25-35-60 20-25-28 29-35-60 21-23-45 15-31-40 21-28-33 7-25-30(54)
Thickness of cell wall(um) 5-8-20 4-7-8 6-8-13 (1)8-9-10 2-7-9 (2)5-8-15 2-8-12
Secondary phloem fibers

Amount (<), ++ ~ +++ - + o~ +++ + ~ ++ + o~ + +
Vessel member

Maximal diameter of 48-88-165 75-88-105  58-66-95(460)  60-85-100  48-68-78 40-53-68 40-55-70

vessel(um)

* Phelloderm are neither included nor counted. ** All crude drugs are identified and derived from U. rhynchophyila.
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U. lanosa Wall. var. lanosa (Figs. 4, 5-B) Epidermis
is a single layer in outermost part. Epidermal cells are
ca. 20 1 m in tangential diameter. Beneath the epider-
mis in cortex, up to five layers of cork cells often arise.
In cortical parenchyma, contents are stained with
FeSO4 and FeCls test solution. Perivascular fibers are
20 to 28 £+ m in maximal diameter, and their cell walls
are evenly four to eight 22 m in thickness. In secondary
phloem, secondary phloem fibers are rarely observed.
In xylem, vessels are relatively large, and measured 75

to 105 £ m in diameter.

U. lanosa var. appendiculata (Benth.) Risdale
(Figs. 4, 5-C) Epidermis is a single layer in outermost
part, but it is removed when cork tissues are highly
developed. Epidermal cells are 27 to 38 1 m in tangen-
tial diameter. Beneath the epidermis, up to six layers of
cork cells often arise. In cortical parenchyma, contents
are stained normally with FeSO4 and FeCls test solu-
tion. Perivascular fibers are 30 to 60 1 m in maximal
diameter, and their cell walls are six to 13 /£ m in thick-
ness. In secondary phloem, secondary phloem fibers
are frequently observed. In xylem, vessels are mea-
sured 58 to 95 1 m in diameter. When the hookless
stem is larger, which is ca. 10mm in diameter, vessels
are much larger than the hooked ones, measuring up to
460 um in diameter.

U. lanosa var. ferrea (Blume)Risdale (Figs. 4, 5-D)
Epidermis is a single layer in outermost part. Epidermal
cells are 15 to 25 1 m in tangential diameter. No cork
cells arise in cortex beneath the epidermis in sample
examined. In cortical parenchyma, contents are stained
normally with FeSOs and FeCls test solution. Perivas-
cular fibers are 20 to 45 1 m in maximal diameter, and
their cell walls are one to 10 /£ m in thickness. Thick-
ness of perivascular fiber’s cell wall varies even in one
twig. In secondary phloem, secondary phloem fibers
with thin cell walls are sometimes observed. In xylem,
vessels are relatively large, and measured 60 to 100

m in diameter.

U. lanosa var. glabrata (DC.) Risdale (Figs. 4, 5-E)
Epidermis is a single layer, and sometimes wound cork
also appears in outermost part. Epidermal cells are 10
to 43 1 m in tangential diameter. Beneath the epider-
mis in cortex, up to five layers of cork cells may arise.
When no cork layers arise, cuticle is often thick. In cor-
tical parenchyma, contents are stained weakly or nor-
mally with FeSOs and FeCls test solution. Perivascular
fibers are 15 to 40 «+ m in maximal diameter, and their
cell walls are two to nine /£ m in thickness. Thickness
of perivascular fiber’s cell wall varies even in one tran-
section. In secondary phloem, secondary phloem fibers
are sometimes observed. In xylem, vessels are mea-
sured 48 to 80 1 m in diameter.

U. rhynchophylla (Mig.)Miq. (Figs. 4, 5-F) Epider-
mis is single layer or multiple layers in outermost part
of the twig. In multiple epidermis, its cell wall is well
stained with Sudan 111, and is also stained well with
phloroglucinol and HCI solutions. Therefore, once out-
ermost cell layer has removed, it is difficult to distin-
guish whether it is derived from cork cell or multiple
epidermis. Epidermal cells are 17 to 32 /£ m in tangen-
tial diameter. No cork cells seem to be arisen in cortex
beneath the epidermis, but multiple epidermis well
stained by Sudan 111 and looks like cork tissues. Wound
cork may arise in case (Fig. 4b-F). In cortical parenchy-
ma, contents are weakly or normally stained with
FeSO4 and FeCls test solution. Perivascular fibers are
20 to 33 /£ m in maximal diameter, and their cell walls
are two to 15 /£ m in thickness. Thickness of perivascu-
lar fiber’s cell wall varies even in one transection. In
secondary phloem, secondary phloem fibers with thin
cell walls are sometimes observed. In xylem, vessels
are relatively small, and measured 40 to 68 1 m in

diameter.

Crude drug, “Uncaria Uncis cum Ramulus
(UUR)” samples (Figs. 4, 5-G, Table 2)
Through our morphological observation examined

samples, they are glossy on their surface with small and
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Fig. 4a Epidermis and its subsequent cortex from
transection of twigs of Uncaria plants and Uncariae
Uncis cum Ramulus (UUR).

A: Uncaria acida (SIMB 293),

B: U. lanosa (SIMB 48),

C: U. lanosa var. appendiculata (SIMB 175),
D: U. lanosa var. ferrea (SIMB 364),

E: U. lanosa var. glabrata (SIMB 188),

F: U. rhynchophylla (Yamaji 2018),

G: “UUR (JP)” (2016227).
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Fig. 4b Epidermis and its subsequent cortex from
the transection of the twigs of Uncaria plants and
UURamulus stained with Sudan I11.

(Refer to backcover page)

A: Uncaria acida (SIMB 293),

B: U. lanosa (SIMB 48),

C: U. lanosa var. appendiculata (SIMB 175),
U. lanosa var. ferrea (SIMB 364),

lanosa var. glabrata (SIMB 1193),
rhynchophylla (Yamaji 2018),

“UUR as Gouteng” (2019501).

D:
E: U.
F: U.
G:
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Fig. 4c Accumulations of reactive substances between
epidermal and pericyclic regions from transection of
the twigs from Uncaria plants and Uncariae Uncis
cum Ramulus stained with Fe®* solution.

A: Uncaria acida (SIMB 1484),

B: U. lanosa (SIMB 48),

C: U. lanosa var. appendiculata (SIMB 175),
D: U. lanosa var. ferrea (SIMB 364),

E: U. lanosa var. glabrata (SIMB 1193),

F: U. rhynchophylla (Yamaji 2018),

G: “UUR as Gouteng” (2019501).
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Fig. 5 Central cylinder part between cambium and pith from the Uncaria plants and UUR.

A: Uncaria acida (SIMB 399), B: U. lanosa (SIMB 48), C: U. lanosa var. appendiculata (SIMB 175), D: U. lanosa
var. ferrea (SIMB 364), E: U. lanosa var. glabrata (SIMB 1193), F: U. rhynchophylla (Yamaji 2018), G: “UUR”

from Malaysia (2019501).

narrow glabrous stipules and/or without any stipules®.
Therefore, all UUR samples are determined externally
to be derived from the twigs of U. rhynchophylla. Ana-
tomically, both single layer and multiple layers of epi-
dermis consist outermost part of the twig. Epidermal
cells are 14 to 36 1« m in tangential diameter. Cork
cells sometimes arise in cortex beneath the epidermis
and may arise adjacent to multiple epidermis (Fig.
4b-G). In cortical parenchyma, contents are stained
weakly to normally with FeSO4 and FeCls test solution.
Perivascluar fibers, in general, are seven to 30 1 m in
maximal diameter, and their cell walls are two to 12 1
m in thickness. From one of our samples, large perivas-
cular fibers with a diameter of 35 to 54 1 m and a wall
thickness of three to 12 1« m were found out. In second-
ary phloem, secondary phloem fibers with thick cell

walls are observed. Vessels are relatively small and
measured 40 to 70 12 m in diameter. The characteris-
tics described above were well agreed with those of U.
rhynchophylla.’®

2. HPLC chemical analysis

HPLC chromatograms of various parts of U. lanosa
var. glabrata from Solomon Islands (SIMB 1193) are
shown in Fig. 6. The rhynchophylline content is
detailed in Table 3, and the hirsutine content is provid-
ed in Table 4. HPLC chromatograms of U. rhyncho-
phylla from Japan (Kochi 1) are shown in Fig. 6. Rhyn-
chophylline in U. lanosa var. glabrata from Solomon
(SIMB 1193) was detected in all parts of the stem,
twig, and hook (Fig. 6-A, Table 3). The rhynchophyl-
line content notably increased in the order of 0.12% in



stem < 0.43% in hook < 0.82% in twig (Table 3). Hir-
sutine was not detected at any sites from the specimen
(Fig. 6-A, Table 4). In contrast, rhynchophylline and
hirsutine in U. rhynchophylla from Japan (Kochi 1)
were detected in all parts of the stem, twig, and hook
(Fig. 6-A, Table 3). The rhynchophylline content in U.
rhynchophylla was 0.16% in the hook, approximately
0.17% in stem and twig, showing minimal variation
depending on the part of plant. The hirsutine content
was generally low, with 0.04% in the hook, 0.05% in
the twig, and 0.13% in the stem. However, only the
stem content was slightly higher. Additionally, rhyn-
chophylline and hirsutine in SIMB 48, 191, 365, and
2035 could not be detected.

Conclusion and Discussion

1. External and anatomical morphologies on the twig
of Uncaria acida and U. lanosa with three varieties of
the genus Uncaria distributed in the Solomon Islands,
and those of U. rhynchophylla growing wild or culti-
vated in Japan were performed. As our results, it is pos-
sible to distinguish interspecific differences among the
species and varieties of Uncaria. From all the Solomon
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Islands specimens, cork tissues were arisen beneath the
epidermis except wound ones, while we had compared
Uncaria rhynchophylla and crude drug, UUR, speci-
mens had multiple epidermis and were partially corked.
Among Uncaria species from Solomon Islands, the dif-
ferences of the length of hooks, frequency of occur-
rence and cell wall thickness of perivascular fibers,
reactivity of the cell contents to iron ion reagents and
epidermis consists of single layer.

2. In Uncaria plants, the suberized multiple epidermis
in twigs has reported by Mikage® and Sakakibara®. In
our study, such epidermis was found out in some of the
specimen from U. rhynchophylla and crude drug speci-
men UUR. However, only single layered epidermis was
found throughout the specimens of Uncaria plants from
Solomon Islands. Such specimens were of the type in
which cork tissue differentiated from beneath the epi-
dermis. Regarding the differentiation of cork tissue in
Uncaria, whether it arises from the multiple epidermis
or beneath the epidermis with a single layer must be
determined by careful observation of the continuity of

the cell structure.
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Fig. 6 HPLC chromatograms of rhychophylline (Ry) and hirsutine (Hi) in the stem, twig and hook of
Uncaria lanosa var. glabrata from Solomon Islands(A), and U. rhychophylla from Japan (B); 1 stem, 2

twig, 3 hook. (cf. Tables 3, 4)
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3. According to HPLC chemical analysis, it is clari-
fied again that U. rhynchophylla showed certain
amounts of rhynchophylline and hirsutine not only in
the hooks but also in the stem and twigs, as previously
reported.’ On the other hand, U. lanosa var. glabrata
from the Solomon Islands (SIMB 1193) also displayed
significant variation in rhynchophylline content across
different plant parts, even within the same species. Ex-
amination of the rhynchophylline content in U. lanosa
var. glabrata revealed that hooks were approximately
2.7 times higher, and twigs were about 4.8 times higher
than those of U. rhynchophylla from Japan (Kochi 1).
This indicates its potential as a valuable crude drug
resource and efficient utilization of the crude drugs
depending on the part of the plant in the future? %,
Furthermore, the absence of detected active ingredients
in other components is likely influenced by the consid-

erable time elapsed since the collection of analysis
samples, rendering them aged. Notably, the twigs of U.
lanosa var. glabrata, despite having the highest rhyn-
chophylline content, are not currently recognized as
medicinal parts in the Japanese Pharmacopoeia®. How-
ever, contemplating the possibility of using the entire
twig, including the hook, as a crude drug could stream-
line the labor-intensive process of cutting out only the
hook. By reevaluating the medicinal parts of Uncaria
plants, there is potential to optimize processing effi-
ciency and increase yields, ultimately enhancing the
profitability of the crude drug “UUR.” In conclusion,
understanding the distribution characteristics of rhyn-
chophylline and hirsutine content in different parts,
specific to each species, is most important for the effec-
tive utilization of Uncaria species.

Table 3. Rhynchophylline content of U. lanosa var. glabrata from Solomon Islands and U. rhynchophylla from Japan.

Content rate

Sample No. Plant parts Retel(fl?:) time Area Height concz;g‘g;tion (%)

Stem 12.0 85200 12100 239 0.12

SIMB 1193 Twig 11.9 582000 49300 164 0.82

Hook 11.9 304000 36300 85.3 0.43
"""""""""""" Sem 119 121299 1695 341 017

Koch 1 Twing 11.9 120606 16666 339 0.17

Hook 11.9 115348 15887 324 0.16

Table 4. Hirsutine content of U. lanosa var. glabrata from Solomon Islands and U. rhynchophylla from Japan.

Content rate

Sample No. Plant parts Retel(l:li?) time Area Height concgr;‘gla;tion (%)

Stem — — — — —
SIMB 1193 Twing - - - - -

Hook — — — — —
 Sem 159 89559 10067 264 013
Koch 1 Twing 159 29496 3258 9.06 0.05

Hook 159 27108 2967 8.37 0.04
— * not detrcted



4. Genus Uncaria distributes 34 species worldwide
and 29 species in Asian region®. Outside of Asia, for
example, the root and bark of U. tomentosa DC., which
is used in Central America, is folklorically used for
various diseases including cancer under the name of
“ufia de gato,” what we called, “Cat’s Claw, 2*9” and
is also known in folk medicine to treat various diseases,
including cancer?**%. And in Japan, 254 tons of UUR
and 26 tons of Gambir, one of the product derived from
Uncaria plants, were imported in 20189, In addition,
Gambir had been cultivated in Indonesia'”, and UUR
has been tried for cultivation worldwide, such as Japan
and Indonesia?®. Wood and roots of U. acida and U.
lanosa var. glabrata are used medicinally in various
parts of Indonesia'®, and Masendra®® states that tannin
content in U. acida is higher than the U. lanosa var.
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glabrata, and this reports well agree with our microsco-
py. However, the botanical origin of Bajakah, which is
said to be derived from U. acida in general, is not clear
in Indonesia®'®, as there is some confusion among
Indonesian botanists as to the species of the origin.
Anyway, twig of U. lanosa var. glabrata is suggested
to be developed for substitution of UUR and possibility
to develop as the source of tannin-like substances. And
as described above, Uncaria plants are important me-
dicinal plants that are widely used throughout the
world, including Japan. The results of this study also
revealed that plants of this genus are quite abundantly
distributed in the Solomon Islands. Therefore, it is
desirable to make full use of these useful but currently

unused plant resources in the future.

Appendix

Plant specimens examined in this study are shown below. They are deposited in Kochi Prefectur-

al Makino Botanical Garden (MBK), and National Museum of Nature and Science Herbarium

(TNS). Some of the plant specimens and all crude drug (UUR) samples are deposited in Kimura

Memorial Museum, Nihon Pharmaceutical University*. Samples utilized for HPLC analysis are

indicated by**.

I. Plant Materials

1. Uncaria acida (W. Hunter) Roxb.: Solomon Is.:
Hourare, West Are’ are, Malaita Prov., F. Pitisopa &
T. Patteson SIMB 67 (Sept., 2007); Vella, Vella La
Vella Is., Western Prov., T. Watanabe et al. SIMB 399
(Aug., 2008); Balela River, Nembo, Lata, Santa Cruz
Is. Temotu Prov., T. Watanabe et al. SIMB 1484 (Aug.,
2010); Ferabu Vil., East Kuwara’ae of Malaita Is.,
Malaita Prov., T. Watanabe et al. SIMB 2035** (Sept.,
2011); Tetepare, New Georgia Is., U. acida vel aff.
Western Prov., T. Watanabe et al. SIMB 173-174, 213,
291, 293 (Aug., 2008).

2. Uncaria lanosa Wall. var. lanosa: Solomon Is.:
Along Kwaifala River, West Kwaio, Malaita, Malaita
Prov., S. Gale et al. SIMB 48** (Sept., 2007).

3. Uncaria lanosa var. appendiculata (Benth.) Ris-

dale: Solomon Is.: West Kwaio, Malaita Prov., S.
Gale et al. SIMB 63 (Sept., 2007); Tetepare, New
Georgia Is., Western Prov., T. Watanabe et al. SIMB
175 (Aug., 2008); Poitete, Kolombangara Is., Western
Prov., T. Watanabe et al. SIMB 315 (Aug., 2008); U.
aff. lanosa var. appendiculata Hakama Station, Florida
Is., Central Prov., T. Watanabe et al. SIMB 1251(Dec.,
2009).

4. Uncaria lanosa var. ferrea (Blume) Risdale: Solo-
mon Is.: Poitete-Ringi, Kolombangara Is., Western
Prov., T. Watanabe et al. SIMB 364, 365**(Aug.,
2008); Uncaria lanosa var. ferrea fel aff. Vella, Vella
La Vella Is., Western Prov., T. Watanabe et al. SIMB
388(Aug., 2008).

5. Uncaria lanosa var. glabrata (Blume) Risdale:
Solomon Is.: Tetepare, New Georgia Is., Western
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Prov., T. Watanabe et al. SIMB 191**, 209 (Aug.,
2008); U. vel aff. lanosa var. glabrata Sole Settlement,
Florida Is., Central Prov., T. Watanabe et al. SIMB
1193** (Jan., 2010); Uncaria lanosa var. glabrata vel
aff.; Tetepare, New Georgia Is., Western Prov., T.
Watanabe et al. SIMB 188 (Aug., 2008).

6. Uncaria rhynchophylla (Miq.) Mig.: Japan: Oono-
goukho, Susaki City, Kochi Pref., T. Watanabe et al.,
Kochi 1 (Dec., 2023), Umanoue, Geisei Vil., Aki Gun,
Kochi, E. Hirooka KUTMB 0012-0014 (Apr., 2012);
Takagawa, Tosayama, Kochi City, Kochi Pref. | E.
Hirooka KUTMB 0015-0017 (Apr., 2012); Kure, Na-
katosa Town, Kochi Pref., E. Hirooka KUTMB
0018-0020 (May, 2012); Tamakawa, Fukuoka City,
Fukuoka Pref., T. Kimura 2001012(sine datum(s. d.),
2001); Komuro, Ina Town, Saitama S. Yamaji & N.
Matsumoto, 2018 (May, 2018).

Il. Crude Drug Materials*

1. Chotoko(g4j#44): JAPAN Uchida-wakanyaku Co,
Ltd., Tokyo H. Fushimi & S. Yamaji s.n. (Lot.
US452901), (s. d., 2005); ibid., S.Yamaji 2007166 (s.
d., 2007); Shibata-Shoyaku Co., Ltd., Tokyo, T. Wata-
nabe CHI(s. d., 2013); Tsumura & Co., Ltd., Tokyo, T.
Kimura 2006062 (s. d., 2006), ibid., S. Funayama
2018061(Mar., 2018); Tochimoto-tenkaido Co., Ltd.,
Osaka, S. Yamaji 2016227 (Lot. 022716001), (Mar.,
2016).

2. Gouteng(yJi#):CHINA: Caizhiling Pharmacy
Franchise Co., Ltd. (%2 L 25\l 3% 4 )%), Guangzhou,
Guangdong, S. Yamaji 2013007(Dec., 2013); MA-
LAYSIA: Street Stall, Kuala Lumpur, S.R. Mogana &
C. Sasikala 2019501 (Jun., 2019).

I11. List of Abbreviations

¢: vascular cambium, co: collenchyma, ep: epidermis,
epm: multiple epidermis, fp: perivascular fiver, h: hair,
k: cork cell, kc: cork cambium, mr: medullary ray, p:
parenchyma cell, pd: cork cortex, vc: scalariform
vessel, vp: pitted vessel, vs: spiral vessel, xp: xylary
parenchyma,
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Summary

The herbal medicine Sinomenium Stem and Rhizome (SSR), used in traditional Kampo
Medicines and listed in the Japanese Pharmacopoeia XVIlI, is defined as the climbing stem and
rhizome of Sinomenium acutum Rehder et Wilson. Approximately 130 tons of this drug are used
annually in Japan. The domestic self-sufficiency rate of this drug is approximately 40% of the
annual domestic consumption demand, and since almost all SSR is collected from the native
habitat, resource depletion has become a concern in recent years. In this study, the current status
of the procurement of wild S. acutum for SSR production and the issues relating to its
sustainable supply were investigated. A number of issues regarding the collection of SSR in
Japan were found, including: the fact that the climbing stems and rhizomes of S. acutum are
collected almost exclusively by hand, with the collection of one ton taking approximately 50
hours to complete. Furthermore, the amount of S. acutum resources in Shikoku region, the main
area of SSR production, has been decreasing, and now it is impossible to collect S. acutum
without spending hours deep in the mountains. Lastly, the S. acutum that is collected has to be
bundled up and carried on the backs of the herbal medicine gatherer themselves"”. These findings
highlight the situation in which much of the material supply of herbal medicine in Japan finds
itself, namely depending heavily on the efforts of elderly individual herbal medicine gatherers.

Thus, in order to ensure a sustainable supply of SSR a number of measures are needed,
including: (1) the collection of information on native habitats for systematic gathering; (2)
research into future cultivation methods, including the consideration of the possibility of



KFtEMME 46(1)20245F

semi-wild cultivation and planned collection using the stolon which left behind at collection; (3)

cooperate with government authorities to find and contact landowners; (4) the development of

efficient methods to transport S. acutum after collection; (5) measures for sustainable use and

succession, including information sharing between forestry workers™ .

Keywords: Sinomenium acutum Rehder et Wilson, Sinomenium Stem and Rhizome, wild

medicinal plant resources, sustainable supply
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Trichosanthes kirilowii Maxim.

IS EITTTX A Z A U Trichosanthes kirilowii Maxim. var. japonica Kitam.
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Fig. 4b Epidermis and its subsequent cortex from
the transection of the twigs of Uncaria plants and
UURamulus stained with Sudan I11.

A: Uncaria acida (SIMB 293),

B: U. lanosa (SIMB 48),

C: U. lanosa var. appendiculata (SIMB 175),
D: U. lanosa var. ferrea (SIMB 364),

E: U. lanosa var. glabrata (SIMB 1193),

F: U. rhynchophylla (Yamaji 2018),

G: “UUR as Gouteng” (2019501).
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