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Abstract: There has been a renewed interest in the use of herbal medicines throughout the world
due to toxicities and health hazards associated with synthetic drugs and antibiotics. About 85%
of traditional medicines involve the use of plant extracts However, a large number of medicinal
plants still remain to be investigated for their possible pharmacological values. Majority of the
pharmaceutical industries harness wildly growing plant populations, for the supply of raw mate-
rials for extraction of medicinally important compounds. Many of the medicinal plants are se-
verely threatened owning to illicit and indiscriminate collection and destruction of natural habi-
tats. Advanced biotechnological methods of culturing plant cells and tissues provide alternative
means for rapid propagation and conservation of rare and endangered and/or commercially im-
portant medicinal plants. The present paper reviews the work carried out in our group in Taiwan
on in vitro propagation of Pinellia ternata, somatic embryogenesis in Corydalis yanhusuo and
production of secondary plant metabolites from callus of Salvia miltiorrhiza and cell suspension
cultures of Dioscorea doryophora.
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increased awareness about herbal medicines,
largely due to powerful synthetic agents used
in the western medicine which exert more
unwanted side effects. About 85% of tradi-

1. Introduction

Millions of people in the third world coun-
tries prefer herbal medicines because they be-

lieve in them and regard as “their” medicines
in contrast to western allopathic prescriptions.
Over the last 2500 years, there have been very
strong traditional systems of medicine such as
Chinese, Ayurvedic, and the Unani, born and
practiced, more in eastern continent. These
traditions are still flourishing, since; ap-
proximately 80% of the people in the devel-
oping countries rely on these systems of
medicine for their primary health care needs.
Now, even in western countries too, there is

tional medicines involve the use of plant ex-
tracts (Vieira and Skorupa, 1993). Many plant
species, possessing medicinally important
compounds, are disappearing at an alarming
rate due to destruction of its natural habitats
owning to rapid agricultural development,
urbanization, indiscriminate deforestation and
uncontrolled collection of plant materials.

The central mountain range of Taiwan is
home of many highly valued medicinal herbs.
Like many other parts in the world, in Taiwan
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too, medicinal herbs are being indiscrimi-
nately collected in large quantities from the
wild to meet the ever-increasing demand for
traditional crude drugs. Plant Biotechnology
can play a significant role in increasing plant
population of locally available medicinally
important plant species and in its conservation
and maintenance of biodiversity. The National
Science Council (NSC) of Taiwan has been
promoting research on traditional Chinese
medicinal plants since 1988. The main objec-
tives of these research programme are: (i) to
collect information about important and rare
traditional medicinal herbs, (ii) to develop
simple methods of identification of medicinal
herbs, (iii) to develop methods for mass
propagation of medicinal herbs through tissue
culture, (iv) to study active principles and
pharmacology for their safer use, and (v) to
promote export of traditional medicinal herbs.
At Taiwan Agricultural Research Institute
(TARI) and Chaoyang University of Tech-
nology (CYUT), work has been carried out on
mass propagation of several important native
and traditional Chinese medicinal herbs. We
have successfully propagated many medici-
nally important species through shoot
morphogenesis and / or somatic embryogene-
sis (Nalawade et al., 2003; Nalawade and Tsay,
2004). Also, we have been successful in es-
tablishing callus and cell suspension culture
of several plant species and extraction of
medicinally important compounds (Mulabagal
et al., 2004a; b). Present communication de-
scribes the work carried out at the TARI and
CYUT on in vitro propagation of Pinellia
ternata, somatic embryogenesis in Corydalis
yanhusuo and production of secondary plant
metabolites from callus of Salvia miltiorrhiza
and cell suspension cultures of Dioscorea
doryophora.

2.1. Case study 1: shoot morphogenesis: In
vitro propagation of Pinellia ternate

Pinellia ternata belonging to family
Araceae grows wildly in Japan and China. It
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is a perennial herb. Tubers of P. ternata con-
tain homogentisic acid, its glucoside,
3,4-dihydroxybenzaldehyde, its diglucoside
and ephedrine (Shoyama et al., 1983a, b). The
species has been used in Chinese medicine to
prevent vomiting, and for analgesic and seda-
tive effects. The traditional Japanese herbal
(Kampo) medicine “Sho-seiryu-to,” being
used for the treatment of cold syndromes
(Nagai and Yamada, 1994) contains tubers of
P ternata as one of the components. Pinellic
acid from the tubers had shown oral adjuvant
activity for nasal influenza HA vaccine (Na-
gai et al., 2002). Presently, the species is not
under cultivation owning to the limited plant-
ing materials in wild, hence tissue culture
studies were carried out with a view to estab-
lish mass propagation method of this impor-
tant medicinal plant.

An efficient method of plant regeneration
via.,. adventitious buds or protocorm-like
body formation directly from the bulbils,
leaf-blade, and petiole explants without inter-
vening callus was developed by Tsay et al.,
(1989). The explants developed adventitious
buds when cultured on MS basal medium
supplemented with BA (1-5 mg/I") and NAA
(0.0 - 0.2 mg/l""). The maximum number of
adventitious buds (73 per explant ) was in-
duced from protocorm-like body cultured on
the MS basal medium supplemented with BA
alone without any NAA (Table 1). It was ob-
served that incorporation of NAA in the me-
dium at all levels of BA had adverse effect on
the proliferation rate. However, a different
trend was observed with adventitious bud as
an explant. At higher levels of BA (5.0 mg/l™"),
proliferation rate was drastically improved on
inclusion of NAA in the proliferation medium
(Table 1).

The regeneration efficiency varied with the
explant type. Maximum response was ob-
served in bulbils, followed by leaf-blades and
petiole explants. The protocorm-like bodies
induced on the medium containing BA and
NAA multiplied at a prolific rate when cut
into parts and transferred to a liquid MS basal
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medium supplemented with BA (1-15 mg/I"")
and NAA (0.2 mg/l™") or 2,4-D (0.2 mg/l™")
The regenerative potential of the cultures
could be maintained by culturing them alter-
nately in solid and liquid media (Figure
1A-C). Plant regeneration from proto-
corm-like bodies was observed after continu-
ous culture in liquid medium (Figure 1A).
Rooting was achieved in half strength MS
basal medium supplemented with NAA (1.0
mg/l™"). A high survival rate of plants (96%)
was achieved on their transfer to a mixture of
vermiculite:loam soil:peat moss potting sub-
strates. No morphological abnormalities in
tissue culture raised plants were observed
when compared to plants grown in field. By
using this in vitro procedure, it is estimated
that about 1.7 X 10 plantlets from a single
bulbil can be produced in one year.

Table 1. Effect of BA and NAA on shoot bud prolif-
eration in adventitious bud and proto-
corm-like bodies of P, ternate*

BA Number of buds | Number of buds
NAA proliferated per prolife@'ted per
Mg/l protocorm—like | adventitious
body bud

1[0 |555+63 15.0+£3.1
1]102]46.0+5.7 12.1+£2.0

210 |73.0+£6.8 21.8+£3.6
2102(602+6.1 23.0+3.4

5/0 |70.0+7.2 11.7+2.6
510.2|56.1+5.9 21.5+£2.9

* Culture medium: MS basal medium with
agar (1%), sucrose (3%).
Incubation period: 30 days; No. of explants
per treatment: 50.

2.2. Case study 2: somatic embryogenesis:
In vitro plant regeneration in Corydalis
yanhusuo via somatic embryogenesis.

The genus Corydalis belonging to family
Fumariaceae or Papaveraceae, consisting of
about 320 species, is widely distributed in the
northern hemisphere. About 70 species are
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used in traditional herbal remedies in China,
Japan and Korea (Kamigauchi and Iwasa,
1994). Rhizoma Corydalis, the dried and pul-
verized tuber of Corydalis is used in the
treatment of gastric and duodenal ulcer, car-
diac arrhythmia disease, and several other
ailments (Kamigauchi and Iwasa, 1994).
Corydalis tubers contain many pharmaco-
logically active alkaloids. Some of the impor-
tant alkaloids are: d-corydaline,
dl-tetrahydropalmitine, and corydalis H, 1, J,
K, L (Huang, 1993). Corydalis yanhusuo W. T.
Wang (syn. Corydalis turtschaninovii Bess. f.
yanhusuo Y.H. Chou et C. C. Hsu), a peren-
nial herb up to 20 cm tall, is cultivated in
mainland China as an annual crop by using
tubers. The problem with tubers is that these
are often infested by fungal diseases; mainly
downy mildew (Gao et al., 1991). Infected
tubers if planted in soil, result not only into
30-50% loss in yield (Gao et al., 1991), but
also affect the quality of the crude drug. Thus,
it was essential to develop pathogen-free high
quality planting material to boost the produc-
tion.

A method has been developed for regenera-
tion of complete plants via., somatic embryo-
genesis in C. yanhusuo using tuber-derived
callus (Sagare et al., 2000) (Fig. 2A-F). Pri-
mary callus was induced on culture of tuber
pieces (5x5x2 mm) on MS basal medium
supplemented with BA (2.0 mg/I'") and NAA
(0.5 mg/l"") and on incubation in complete
dark (Fig. 2A). On transfer of this primary
callus to MS basal medium supplemented
with different concentrations of cytokinins
(BA, kinetin and zeatin), and incubation of
cultures in light, induction of somatic em-
bryos was observed within 2 weeks. The em-
bryos progressed through the globular,
late-globular, heart, early cotyledonary, and
cotyledonary stages. After five week, somatic
embryos showed development of cotyledon-
ary leaves. For the development of roots, em-
bryos with well-developed cotyledonary
leaves were transferred to half-strength liquid
MS medium supplemented with zeatin ri-
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boside (1.0 mg/l™") for three weeks. Well de-
veloped somatic embryos were transferred to
a medium supplemented with ABA, pa-
clobutrazol, or ancymidol, (0.5 — 10.0 mg/l™),
GA;3 (0.5 — 5.0 mg/l""), polyethylene glycol
(PEG-4000) (15-100 mg/I™") and sucrose (6%)
for their further development into plantlets
and in vitro tuberization. The conversion of
somatic embryos was found to be optimum in
the GAj-containing medium. Converted so-
matic embryos developed tubers on MS basal
medium devoid of phytohormones, when
incubated for two months (Figure 2F). More
than 50 percent of cultures showed precocious
in vitro flowering. Plants were transplanted to
a sand:peat moss mixture and kept in growth
chambers for hardening. Besides, primary
embryogenesis, secondary embryogenesis
was also observed (Figure 2C-E). Secondary
somatic embryos emerged from the cotyle-
donary leaf base and tuber region of the pri-
mary somatic embryos. The method devel-
oped could be used for mass propagation of
pathogen-free tubers and also has application
in genetic transformation studies in C. yan-
husuo.

2.3. Case study 3: secondary plant me-
tabolite production through callus
(Salvia miltiorrhiza) and cell suspen-
sion culture (Dioscorea doryophora).

2.3.1. Production of cryptotanshinone
from callus of Salvia miltiorrhiza

Salvia belongs to family Lamiaceae and
consists of about 900 species. Some species of
genus Salvia have been cultivated worldwide
for use in folk medicine and for culinary pur-
poses (Lu and Foo, 2002). Dan-shen, the dried
roots of Salvia miltiorrhiza Bunge, is one of
the most popular Chinese medicines used
widely in improving blood circulation to re-
move blood stasis, clearing away heat, reliev-
ing vexation, nourishing blood and tranquiliz-
ing the mind and cooling blood to relieve car-
buncles (Verpoorte, 1998; Dixon and Paiva,
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1995) Its active principles tanshinones, a
group of quinoid diterpenes attracted particular
attention of medicinal chemists and clinicians
because many of them exhibit significant an-
tibacterial, anti-dermatophytic, antioxidant,
and anti-platelet aggregation activities (Honda
et al., 1998; Gao et al., 1979; Jiang et al., 1994;
Cao et al., 1996; Luo et al., 1988). Also, these
compounds have been used in the treatment of
mastitis and wound infection. Tanshinone are
wide spread in the genus Salvia and about 50
tanshinones so far have been identified in S.
miltiorrhiza and other Salvia species. Since,
Dan-shen preparations have considerable
commercial value, there has been a continued
interest in development of tissue culture based
approaches for production of tanshinones.
Plant cell cultures have a higher rate of me-
tabolism than intact differentiated plants and
can be cultured at large scale from which sec-
ondary metabolites can be extracted. The ad-
vantage of this method is that it can provide
reliable quality natural products round the year
on a sustainable basis.

In our group, cryptotanshinone production
in in vitro propagated callus of S. miltiorrhiza
induced by application of cytokinin has been
reported (Wu et al., 2003). Aims of the present
study were (a) to standardize an efficient pro-
tocol for induction and proliferation of callus
of S. miltiorrhiza, (b) to analyze the content of
cryptotanshinone, a quantitatively predomi-
nant tanshinone, in callus cultures and in the
commercially available marketed crude drug
(processed underground parts of S. miltior-
rhiza), and (c) isolation and identification of
cryptotanshinone using NMR and Mass spec-
tral data.

Tissue culture: Explants used in the present
study were taken from the plants grown under
controlled conditions. Callus was induced on
the cut surface of the leaf explants (5 x 5-mm)
cultured on MS basal medium supplemented
with 2,4-D (1.0 mg I""). The callus grew rap-
idly into a friable pale yellowish mass on this
medium and was analyzed for cryptotanshi-
none by HPLC. The results revealed that it
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contained small amounts of cryptotanshinone
(0.26 + 0.05 mg/g dry wt, Table 2). To in-
crease the cryptotanshinone production, callus
was grown on MS medium containing BA.
Production of cryptotanshinone remarkably
enhanced by omission of 2,4-D in the medium.
The yield of cryptotanshinone varied with the
concentration of BA in the MS basal medium.
The callus was maintained on MS medium
containing BA (0.2 mg 1) up to two months
to ascertain the influence of incubation period
on the accumulation of cryptotanshinone.
Maximum yield of cryptotanshinone (4.59
mg/g dry weight) was observed in callus cul-
tured for sixty days (Table 2). The age of the
culture directly influenced the accumulation of
cryptotanshinone. In S. miltiorrhiza, as cryp-
totanshinone is a phytolexin, it is usually pro-
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duced only under stressed conditions. In the
present study, it is evident that, callus cultured
on MS basal medium supplemented with BA
(0.2 mg I'") could be used for in vitro synthesis
of cryptotanshinone. Also prolonged incuba-
tion (sixty days) of the callus cultures resulted
in substantial accumulation of the cryptotan-
shinone.

Quantitative analysis: For quantitative
analysis, peak areas were used to calculate the
amount of cryptotanshinone present in differ-
ent plant material as compared to the standard.
The calibration plot was linear. Cryptotanshi-
none content in callus grown on MS medium
containing BA (0.2 mg 1"") cultured for a pe-
riod of one week to two months has been
shown in Table 2.

Table 2. Influence of culture media and age of callus on cryptotanshinone content in callus and its
comparison with market crude drug (underground parts) of Salvia miltiorrhiza.

Age of callus Medium composition Cryptotanshinone
(days) BA, 2,4-D (mgl™) (mg /g of dry wt.)

Market crude drug -- 0.35%£0.07

8 MS + BA (0.2) 1.78 £0.02

16 MS + BA (0.2) 2.3210.16

24 MS + BA (0.2) 3.231£0.02

30 MS + BA (0.2) 3.7310.01

60 MS + BA (0.2) 4.59£0.09

60 MS + BA (0.5) +2,4-D (1.0) 0.26£0.05

60 MS +2,4-D (1.0) 0.09 £0.02

60 MS basal medium (Control) 0.00 £ 0.00

-- Not applicable

Isolation of cryptotanshinone: The com-
pound was isolated from callus cultured on
MS medium containing BA (0.2 mg 1'1) for a
period of two months. The methanol soluble
samples of freeze-dried callus were concen-
trated and chromatographed over silica gel
column using benzene and mixtures of ben-
zene and ethyl acetate as eluent with increas-
ing polarity. Fractions obtained from 8% ethyl
acetate were concentrated under vacuum and
purified further by column chromatography

followed by preparative TLC (ben-
zene:ethylacetate in 8:2 ratio) to obtain cryp-
totanshinone (15 mg). The structure of cryp-
totanshinone was identified by NMR and
Mass spectral data and confirmed further by
comparison of physical and spectral data with
those of authentic samples.

Cell suspension culture could be used for
the large-scale culturing of plant cells from
which secondary metabolites could be ex-
tracted (Balandrin and Klocke, 1988).
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Figure 2A: Callus induction in Corydalis yanhusuo.
2B: Shoot regeneration in callus.
2C: Induction of somatic embryos from
basal part of the young shoot in Corydalis

= el yanhusuo.

Figure 1A. Shoot regeneration in protocorm-like 2D: Somatic embryos obtained from liquid
bodies in Pinellia ternata (4 weeks culture medium.
after culture in MS basal, liquid me- 2E: Plantlet development from somatic
dium). embryos in Corydalis yanhusuo.

1B: Multiple shoot induction in proto- 2F: Tuber formation in plantlets derived

corm-like bodies in Pinellia ternata (2 from somatic embryos of Corydalis yan-
weeks after culture in MS basal, agar husuo.

medium.

1C: Shoot elongation in Pinellia ternata (4
weeks after culture in MS basal, agar
medium).
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Extraction of some complex and medici-
nally important compounds from cell suspen-
sion culture as secondary metabolites will
minimize collection from the natural habitats
and thus, alleviate the pressure on wild plants.

2.3.2. Production of Diosgenin in cell sus-
pension culture of Dioscorea doryo-
phora Hance.

Dioscorea  belongs to family Dio-
scoreaceae. Species are frequently used as
tonic in Chinese traditional medicine. Dio-
scorea doryophora Hance, a Taiwanese spe-
cies, whose tuber possesses high quality and
higher quantity of active components, is being
widely propagated by farmers in Taiwan
(Huang et al., 1993). The tuber is in great
demand as it is used both as crude drug as
well as food. The most important active prin-
ciple discovered in the tuber is diosgenin,
which can be used as a precursor of many
important medicinal steroids such as predni-
solone, dexamethasone, norethisterone and
metenolone (Tsukamoto et al., 1936).

For increasing yield and facilitate purifica-
tion process of diosgenin, we have established
a cell suspension culture of Dioscorea doryo-
phora Hance (Yeh et al., 1994). Finely dis-
persed cell suspension cultures could be ob-
tained by culturing both microtuber- and stem
node-derived callus in liquid culture medium
supplemented with 2,4-D (0.1 mg/l™"), sucrose
(3%) and incubation on a rotary shaker at
120 rpm. Although 6% sucrose was found
to be optimum for the growth of cell suspen-
sion culture, however, it was observed that
cells cultured in 3% sucrose containing me-
dium produced higher level of diosgenin.
Analysis by HPLC revealed that both micro-
tuber- and stem node-derived suspension cells
contained diosgenin. Content of diosgenin in
various parts of plant differed significantly
(Table 3). Diosgenin content, as high as 3.3%
per gram dry weight was obtained in micro-
tuber-derived cell suspension culture com-
pared to the stem node-derived callus cell
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suspension, which contained only 0.3% (Ta-
ble 4). As the amount of diosgenin obtained
from tuber-derived cell suspension is high and
comparable with that found in the intact tuber
(Chen, 1985), cell suspension culture could be
used for the production of Diosgenin at com-
mercial level.

Table 3. Diosgenin concentration of callus from
different explants of Dioscorea

Source of callus Diosgenin content (%)
Seed 0.4 “*
Leaf 0.6°
Root 1.57°
Stem 0.0°
Node 03¢
Microtubers 330
(In vitro)
Microtubers 390
(Field grown) '

* Means in each vertical column followed by
same letter are not significantly different at
5% level using MRT (Duncan’s multiple
range test).

Table 4. Diosgenin concentration in cell suspen-
sion from two different explants of Dio-
scorea doryophora

Source Oi: cell Diosgenin content (%)
suspension
Node 03°
Microtubers 338
(In vitro) '

* Means in each vertical column followed by
same letter are not significantly different at
5% level using MRT (Duncan’s multiple
range test).

2.4. Conclusions
With the application of tools of plant bio-

technology, it is now possible to produce a
large number of pathogen-free medicinal
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plants indigenous to Taiwan. These in vitro
raised plants can be re-introduced in their
natural habitat or cultivated at commercial
level under controlled environment. Also, in
vitro techniques can provide tools for safe
exchange of germplasm across the globe. The
case studies presented in the report, have
clearly demonstrated that different techniques
of plant biotechnology like shoot morpho-
genesis, embryogenesis, callus; and cell sus-
pension cultures could be used for not only
augmenting the plant population, but also for
commercial production of medicinally impor-
tant compounds. Thus, a goal of sustainable
utilization and maintenance of medicinally
important plant resources indigenous to Tai-
wan is very much achievable.
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