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Innovative cultivation: Hydroponics of medicinal
plants in the closed-type cultivation facilities

Kayo Yoshimatsu®

Research Center for Medicinal Plant Resources, National Institute of Biomedical Innovation, Hachimandai 1-2, Tsukuba, Ibaraki

305-0843, Japan.

1. Importance of hydroponics of medicinal plants
in the closed-type cultivation facilities

Medicinal plants synthesize substances that are
useful to human and animal health. Most of the sub-
stances are so-called secondary metabolites, such as al-
kaloids, terpenoids, phenols, efc. Medicinal plants have
been the important source of modern allopathic medi-
cines as well as the crude drugs for traditional herbal
medicines such as Kampo (Japanese traditional herbal
medicine). Approximately 20,000 tons of crude drugs
are used annually as pharmaceutical ingredients in
Japan. However, Japan’s self-sufficiency rate for crude
drug is only 12% according to the inspection performed
by the Japan Kampo Manufacture Association (JKMA)
in 2008." Therefore its constant and stable supply is
threatened; in fact, import of ephedra and licorice
(glycyrrhiza) is restricted. In general, medicinal plants
need long-term cultivation and require considerable
human labor that such tendencies would lead to a de-
cline in domestic cultivation further enhanced by the
aging farm-workers. In addition, constitution and con-
centration of active medicinal ingredients in crude drugs
are largely influenced by factors such as growth envi-
ronment, genetic background, harvesting time, drying,
storage and processing methods of medicinal plants.

Under these circumstances, sufficient and stable
supply of medicinal plants which are well-identified and
of high quality enable us to secure high value medicinal

*To whom correspondence should be addressed.
e-mail : yoshimat@nibio.go.jp

resources. This largely contributes to our present and
future medical care. For this purpose, hydroponics of
medicinal plants in the closed-type cultivation facilities
that can optimally control the growth environment is
one of the effective solutions. If this kind of cultivation
becomes possible, it would prevent overharvesting of
wild medicinal plants and improve the integrity of the
native habitat. In this cultivation system, non-agrochemical
and non-radiation contaminated plant materials could be
produced and multilateral and less labor cultivation
become possible by appropriate entrance and exit
managements, and by systematic and sophisticated culti-
vation. Furthermore, it might promote domestic produc-
tion of medicinal plants.

Glycyrrhiza, referring to the dried root and stolon
of Glycyrrhiza uralensis (leguminous perennial plant,
Chinese licorice), is the most frequently prescribed
crude drug in Kampo medicines (over 70% of commer-
cialized Kampo formulations contains Glycyrrhiza in
Japan). Glycyrrhizin (glycyrrhizic acid) extracted from
glycyrrhiza is generally used as curatives for liver and
allergies, and as a natural sweetener. Circumstances re-
ferring to the supply of G. wralensis and the merits of
hydroponics are summarized in Figure 1.

2. Hydroponics for medicinal plants whose under-
ground parts are utilized

Although hydroponic studies on medicinal plants
have been performed at a laboratory level, most of them
were on the plants whose terrestrial parts (leaf, stem and
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-Its supply still depends on collaction of the wild plants in
the north—westem region of China end wild resources
with good quality are decreasing. *

-People’ s Republic of China fortifies the controf of
collection to prevent desertification.

+Over 3 years fisld-cultivation is required to obtain
estesmed crude drug (>2.5% glycyrrhizin in The Japanese
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Figure I Circumstances around Glycyrrhiza uralensis

flower, efc.) are utilized. Lateral root branching rather
than main root thickening is generally pronounced in the
case of hydroponically cultivated plants that make
hydroponics unfit for the production of medicinal plants
whose underground parts (roots, rhizome and stolon,
etc.) are utilized. There are several reports on hydropon-
ics of medicinal plants whose roots are utilized includ-
ing Bupleurum falcatum® and Glycyrrhiza glabra®
However, productivity of hydroponically-cultivated B.
Jfalcatum roots was insufficient compared with the soil-
cultivated ones? and hydroponically-cultivated G. glabra
roots failed to accumulate sufficient active ingredients
(not less than 2.5% of glycyrrhizic acid) as specified in
the Japanese Pharmacopoeia.”

We succeeded in the production of crude drugs
made from underground plant parts (roots and rhizome)
with sufficient active ingredients as specified in the
Japanese Pharmacopoeia® by using a novel hydroponics
(Figure 2) for a year. Some of our works on hydroponics
of medicinal plants are introduced but with special focus
on G. uralensis.

Cultivation medium
@ ', '!' '!, '!' '!'
X0 "@@ @*@,@ @@1@@,@
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Nutrient solution

Silicate conglomerate

Figure 2 Hydroponics of medicinal plants whose underground
parts are utilized

3. Production of glycyrrhiza by hydroponics of G.
uralensis

Among crude drugs produced in China, glycyrrhiza
as well as ephedra herb and pueraria root have been pre-
pared from wild plants. Supply of medicinal glycyrrhiza
used in Japan depends on wild G. wralensis.¥ Many
field-cultivation studies have so far been done for stable
and sufficient supply of glycyrrhiza.'® Ozaki er af %19
recently reported successful production of glycyrrhiza
with performing over 5% glycyrrhizin by the selection
of pharmaceutically fine strains and by their novel field-
cultivation method of G. wralensis for a year using 10
cm diameter and 50 cm length plastic tube filled with
compost. However, glycyrrhiza from a field-cultivated
plant generally contains much less glycyrrhizin than that
from a wild plant and most of field-cultivation studies®®
on (. uralensis reported that over 3 years of field-
cultivation was required to obtain the esteemed crude
drug (>2.5% glycyrrhizin) in The Japanese Pharmaco-
poeia.¥ In addition, field cultivation is amenable to
unusual weather, natural disaster and artificial environ-
mental disturbance by chemical pollutants and radioiso-
topes, efc.

Our Breeding and Physiology laboratory in
Research Center for Medicinal Plant Resources
(RCMPR), National Institute of Biomedical Innovation
(NIBIO) preserves in vitro culture collections of tropi-
cal, subtropical, temperate and boreal medicinal plant
species. Utilizing them, we are developing medicinal
plants with new trait and efficient production system for
pharmaceutically important secondary metabolites in the
closed-type cultivation facilities. There were two in
vitro G. uralensis plant strains when we launched hy-
droponics of medicinal plants whose underground parts
are utilized. They were transplanted to soil in pots and
cultivated in a closed-type greenhouse under constant
growth environment (temperature, light cycle and rela-
tive humidity, efc.) to examine their growth and
glycyrrhizin productivity. The results revealed that the
strain that performed better in terms of root yield and
glycyrrhizin productivity after one-year cultivation pro-
duced similar results after two- and three-years cultiva-
tion. In soil-cultivated G. uralensis roots, over a thousand
days were required to obtain over 2.5% dry weight
glycyrrhizin. There appeared high correlation between
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terrestrial stem yield and root yield (r>=0.902) as well as
between root yield and glycyrrhizin content (r*=0.835).
Therefore the in vitro plant strain that performed better
root yield and glycyrrhizin productivity in the soil was
selected and subjected to the further selection by shoot
growth and shoot multiplication capability in vitro.
Thus two subclones of G. wralensis were established.
The micropropagated in vitro plant subclones were sub-
jected to hydroponics in the closed-type greenhouse.
Among the cultivation medium tested in our hydro-
ponics (Figure 2), promising results were obtained with
the use of hydroball. The G. uralensis roots (diameter
size > Imm) harvested after 401 days hydroponic culti-
vation accumulated approximately 3% dry weight
glycyrrhizin with small variation of value. Glycyrrhizin
content in the roots of the same subclone reached 5.5%
dry weight after 738 days of hydroponic cultivation.

4. Selection of G. uralensis clones suitable for hy-
droponics

Our RCMPR comprises 3 divisions including
Hokkaido, Tsukuba and Tanegashima, and are preserv-
ing over 2,000 species and over 4,000 groups of medici-
nal and useful plants. G. wralensis are field-cultivating
in Hokkaido and Tsukuba, and its seeds are produced in
Hokkaido. Seeds of three G. uralensis strains harvested
in Hokkaido were utilized to select pharmaceutically
fine and productive clone for hydroponics. Three strains
of G. uralensis plants germinated from seeds were sub-
jected to hydroponics in the closed-type greenhouse. As
observed in soil-cultivation in pots, the strain that per-
formed the best root yield and glycyrrhizin content after
a half-year cultivation also did after one-year cultivation
though the data within the strain varied widely com-
pared to the clonally propagated plants by in vitro cul-
ture. Thus one strain was selected and plants further
germinated from the seeds of selected strain were sub-
jected to hydroponics in growth camber (artificial light-
ning).

G. wuralensis roots of the selected strain were har-
vested and analyzed their secondary metabolite contents
after 4-month hydroball hydroponic cultivation. There
were great variations of the data (yield and contents)
among the clones and two promising clones were

obtained (one clone performed 2.1% glycyrrhizin and
another did 1.6% glycyrrhizin with the best root yield).

The selected G. uralensis clone (1.6% glycyrrhizin
with the best root yield after 4 months hydroponics)
clonally propagated by stolon cuttings demaonstrated
3.1% dry weight glycyrrhizin together with 1.0% dry
weight liquiritin, 0.10% dry weight isoliquiritin and
0.24% dry weight glycycoumarin within a year (353
days). Liquiritin in glycyrrhiza is one of the active in-
gredients that show antidepressant, antioxidant and
neurotropic activities.” It is reported that 2-year old
G. uralensis roots field-cultivated by the use of plastic
tube accumulated much less liquiritin than commer-
cially available glycyrrhiza.'® On the other hand, the
roots of our selected clone in hydroponics accumulated
comparable liquiritin to the commercially available ones
and relatively high glycycoumarin. Glycycoumarin in
glycyrrhiza is also one of the active ingredients that act
as a potent antispasmodic.'? Therefore our clone might
be useful for Kampo formulation of shakuyakukanzoto
that commonly being prescribed for cramp.

5. Development of artificial hydroponic system for
glycyrrhiza

Our hydroponic studies of medicinal plants whose
underground parts are utilized started in 2006 as a part
of projects subsidized by Ministry of Economy, Trade
and Industry, “Development of fundamental technolo-
gies for advanced manufacturing using plant biology:
Development of fundamental technologies for produc-
tion of high-value materials using transgenic plants”,
and by Ministry of Health, Labour and Welfare, Health
Labour Sciences Research Grant, “Study on fundamen-
tal technology of stable preservation and effective utili-
zation for medicinal plant resources”. Development of
artificial hydroponic system for glycyrrhiza has been
launched since second half of 2008 as a joint research
program within industry (Kajima Corporation), univer-
sity (Chiba University, Department of Horticulture) and
national research institute (RCMPR, NIBIO) on the
basis of our precedential studies on hydroponics of me-
dicinal plants including glycyrrhiza. Novel hydroponics
device that differ from Figure 2 (Figure 3, without using
culture medium) and G. wralensis plants suitable for
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Figure 3 Novel hydroponics device for glycyrrhiza (left) and G. wralensis roots cultivated
in hydroponics (center) and field (soil) (right) for 300 days (Photos: Kajima Corporation)

hydroponics have been invented in this project. The re-
sults of this study titled “Development of hydroponic
cultivation system of licorice” was awarded Minister's
Prize, the Ministry of Health, Labor and Welfare for the
Industry-university-government cooperation meritorious
person commendation on Sep. 22, 2011.')

6. Efficient production of crude drugs made from
plant underground part by hydroponics

Our hydroponics (Figure 2) was applied to bella-
donna (Atropa belladonna) and Japanese goldthread
(Coptis japonica) as a part of the above mentioned pro-
ject subsidized by Ministry of Economy, Trade and
Industry, “Development of fundamental technologies
for advanced manufacturing using plant biology:
Development of fundamental technologies for produc-
tion of high-value materials using transgenic plants”.
Clonally propagated A. belladonna and C. japonica
plants by in vitro culture were subjected to hydroball-
hydroponics and pumice sand-hydroponics, respec-
tively.

A. belladonna is a perennial solanaceous medicinal
plant mainly cultivated in Europe and USA' and is not
commercially cultivated in Japan. It contains alkaloids,
the chief of which is hyoscyamine. Hyoscyamine has
anticholinergic activity and used as a depressing drug
for gastric secretion and gastrospasm. It is also used as
eye drops for mydriasis and local anesthetic.!> 4. bella-
donna roots hydroponically-cultivated for 6 months in
the closed-type greenhouse accumulated over 0.4% dry
weight hyoscyamine which matched the value in the
Japanese Pharmacopoeia.®

C. japonica ' is a perennial
ranunculaceous - medicinal - plant
grown in Asia, and its rhizome is
used as crude drug, in which
berberine is highly accumulated
as the main alkaloid. Berberine
shows strong antimicrobial activ-
ity toward both Gram-positive
and -negative bacteria as well as
other microorganisms.'® It has
also been reported that berberine
has beneficial effects on meta-
bolic syndrome including blood cholesterol-lowering
activity via upregulation of low-density lipoprotein re-
ceptor expression,'” anti-hypertension effects via induc-
tion of mobilization of circulating endothelial progenitor
cells,'® and lowering of blood glucose level through in-
creasing insulin receptor expression.'” Although various
clinical trials of berberine for metabolic syndrome have
been conducted,'™® C. japonica is a slow-growing
plant which requires over 5 years cultivation to obtain
an esteemed crude drug matching
Pharmacopoeia (not less than 4.2% of berberine as

the Japanese

berberine chloride). C. japonica rhizome hydroponically-
cultivated for 6 months in the growth chamber accumu-
lated over 7% berberine which is much higher than the
ingredient value in the Japanese Pharmacopoeia. This
value (over 7% dry weight berberine) of hydroponic
C. japonica rhizome was comparable to the C. japonica
rhizome field-cultivated for over 5 years. These two ex-
amples other than glycyrrhiza indicate our hydroponics
is one of the promising tools for the production of crude
drugs that is made from underground plant parts.

7. Future perspectives

Hydroponics of medicinal plants in the closed-type
cultivation facilities is in one of the effective and prom-
ising solutions for sufficient and stable supply of high-
above,

medicinal mentioned

especially for Japan which is the country with insuffi-

value resources  as
cient natural resources. However, its production costs
are much more than that of field-cultivation because it
needs the construction of specified facilities with addi-
tional running costs of electric, fuel, light and water
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charges, etc. Therefore to expand this technology in an
economically feasible manner, cost reduction is an im-
portant issue to address.

There is no case of commercialization of crude
drugs produced by hydroponics. Crude drugs prepared
from wild resources are still highly valued inside crude
drug and Kampo manufacture industry. Even the crude
drugs prepared from the field-cultivated plants were
compared with those prepared from wild plants pharma-
cologically and biopharmaceutically in the industry.®
However, hydroponics of medicinal plants is an indis-
pensable technology for the sustainable and sufficient
supply, preservation, and prevention of medicinal re-
sources from depletion with natural disaster and unex-
pected accident. It is our hope that our studies on
hydroponics of medicinal plants will contribute to the
sustainable supply of medicinal materials that promote
and maintain Japanese health.
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2. Project of Research Center for Medical Plant Resources, National Institute of Biomedical
Innovation, Japan
Dr. Nobuo KAWAHARA (National Institute of Biomedical Innovation (NIBIO); Japan)

Thank you Chairman. Good afierncon everybody. First of all, I would like to express my
appreciation to Dr. Seki and all staff members of this symposium who gave me the opportunity of my
presentation. Today, [ would like to intreduce the Project of Research Center for Medicinal Plant
Resources, National Institute of Biomedical Innovation, Japan. So, my presentation is a little bit
different from the standardization and regulation of medicinal plants, so please relax and enjoy
hearing my presentation.

#2

So, this is today’s contents. At first, I would like to tell you about introduction of research center and
outline of our database system. Then, I would like to show you a construction of integrated
information database of medicinal plants using for Kampo medicines, and as our project.

#3-4

At first, [ would like to introduce our research center. Research Center for Medicinal Plant Resources,
formerly Medicinal Plant Research Station of National Institute of Health Sciences, replaced as the
section of National Institute of Biomedical Innovation from April 2005. The Research Center for
Medicinal Plant Resources, the only comprehensive research center in Japan for medicinal plants
performs research and development on technology relative to the cultivation and breeding of
medicinal plants, and chemical and biological evaluations and cultivates and preserves more than
-4,000 species and groups of medicinal plants at three divisions; Hokkaido, and Tsukuba, and
Tanegashima, and Wakayama Branch.

#5
And, this slide shows the collection of plants and seeds in Tsukuba, and Hokkaido, and Tanegashima
Division, and Wakayama Branch.

#6

And, also this slide shows the building for the conservation of medicinal plant resources and it
contains samples of crude drugs, herbarium specimen and seeds. Especially, more than 13,000 sceds
are preserved under various temperatures,

#7

This slide shows the building for the researches on the medicinal plant resources. We have more than
180 species in vitro culture and perform the chemical and biological evaluations and conduct research
using biotechnology and genetic technology while serving as the main facility of the research center.

#8-9

Next, | am going to introduce our medicinal plant database. This slide shows the purpose of
construction of medicinal plant database to ensure the quality of medicinal plant resources. We invest
resources and with a higher value by adding information. According to our semi-long-term objective,
first 5 years, 2005 to 2009, collect and preserve medicinal plant resources aggressively and deal with
administrative request precisely. So, we tried to construct a database on most important 100 species of
medicinal plants we have in our institute, in which their characteristics, ingredients, and physiological
activities.

#10

This slide shows the invest resources s:vith higher value by adding information, namely, the value of
the medicinal plant resources become higher with additional information.
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#11
This slide shows the fundamental structure of MPDB. This database constructed mainly in three parts;
information on growth and cultivation, basic information on plants, and information on crude drugs.

#12

This slide shows the brief introduction of MPDB. Top page shows the keyword selection, plant name,
and crude drug name, and English name. Now, we showed example database, search source of the
crude drugs, and natural sweetener and Chinese licorice, Kanzo.

#13
This slide shows the search result plant name hit list and detailed information of Glycyrrhiza uralensis.

#14
This slide shows the morphology, habitats, and climate preference of Glycyrrhiza uralensis,

#15
This slide shows the photo library from seeds to crude drugs.

#16
Also, if you search crude drug name by keyword “Kanzo,” the result of crude drug search shows the

Kanzo list of hit plants.

#17
This slide shows the detailed information of the crude drug Kanzo and Kampo formulae that contain

Kanzo.

#18

This slide shows the characteristics and advantage of our database. It covers information on more
than 100 species of medicinal plants. Only one database, that information on plants and crude drugs
are linked. It files detailed information for cultivation, up to 1,300 photos, and it is easy to access, and
it is able 1o handle data intuitively as a whole network. This database was released on March 31st,
2010.

#19

So, third topic is the construction of “Integrated Information Database of Medicinal Planis Using for
Kampo Medicines (IIDMP).” This research project began by supporting a Health and Labour
Sciences Research Grant from April 2010.

#20

In this project, we have two major purposes, thorough construction of integrated information database
of medicinal plants using for Kampo medicines. First, the viewpoint of administration, provision of
useful information for quality control, safety and cuitivation promotion of the medicinal plants.
Second, viewpoint of research support, contribution for research of biological resources and industrial
promotion of Kampo medicines.

#21

This slide shows the method of this project. We select about 75 kinds of crude drugs, including 44
important ethical Kampo extract formulations that account for about 90% of Kampo extract products
mainly compose the database. Registration of various information into database, then we will disclose
this database on the website of National Institute of Biomedical Innovation. In this year, we select
five core crude drugs; Atractylodes Lancea Rhizome, and Ginger, Ginseng, Glycyrrhiza and
Scutellaria Root, and plan to collect various information data from these crude drugs. Then, next 15
important crude drugs are also nominated.
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#22

This slide shows the fundamental structure of IDMP, and chemical analysis information, sensory test
data, internal structure of crude drugs, herbarium specimens, resource management, management of
plant and seed materials, and genetic discrimination, discrimination of plant origin by genetic
information, in vitro culture information, efficient propagation method, cultivation information,
efficient production methed, crude drug extract, physiological activity, adverse effect information, and
Kampo formulae information are newly adopted.

#23
This slide shows the research system of this project. Research Center for Medicinal Plant Resources,
these are associate laboratories and also research cooperators, cooperate each other.

#24

This slide shows the yearly plan of database project from 2010. First year, construction of database
system and also collection and accumulation of various information data, then from the second year,
input of various information data into database and we will disclose the database until the end of third
year.

#25
So, this is the fourth topic, Hydroponic Cultivation of Medicinal Plant in the Closed-type Plant
Factory.

#27

This slide shows the circumstances around Glycyrrhiza uralensis, its supply still depends on collection
of the wild plants in the north-western region of China. Recently, China fortifies the contro! of
collection to prevent the desertification. Some research groups have started field cultivation of
Glycyrrhiza, however, over 3 years cultivation is required to obtain esteemed crude drug over 2.5%
Glycyrrhizin. These circumstances mean insufficient supply of Glycyrrhiza to satisfy constant and
increasing demand.

One of the solutions of the hydroponic cultivation of medicinal plant in the closed-type plant factory,
this system enables us to control and maintain the optimal environmental conditions to supply well-
identified, and high-quality medicinal plants stably, to prevemt environmental pollution by
agrochemicals, and to contain transgenic genes in the case of transgenic plants. Therefore, this system
contributes a safe and stable supply of medicinal plant resources.

#28

When we started our hydroponic cultivation study of Glycyrrhiza uralensis, we had two in vitro plant
strains, named GuH and Gu, and these two strains were subjected to soil cultivation in closed-type
greenhouse to examine their growth and Glycyrrhizin preductivity.

After a year, we found Gu strain was superior both in the root growth and Glycyrrhizin production and
it was selected for hydroponic cultivation study. Generally, liquid float hydroponics is commercially
practiced for leaf vegetables. However, it is not preferable to get thick roots which are desirable
morphology for crude drug. Therefore, we invented the hydroponic system for the root growth and
underground part of the plant is settled in cultivation medium such as Cocopeat and Hydroball.
Nutrient solution provided to the root by the capillary of the cultivation medium. Patent application of
this cultivation system for medicinal plants was submitted to the Japan Patent Office.

#29

Two Gu sub-clones, Gu2-2-1 and Gu2-3-2, that micropropagated through tissue culture were used for
the experiment. During the study we found that cocopeat hydroponics was not suitable for
Glycyrrhiza, in contrast the plant grew where the thickened Glycyrrhiza root, its photo is here, were
obtained after 400 days in hydroponic cultivation. This figure shows the Glycyrrhizin concentration
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in roots, soil cultivated for around 1,000 days and hydroponically cultivated for around 400 days, as
seen in the figure the roots hydroponically cultivated only for 400 days accumulated around 3%
Glycyrrhizin.

#32
This is the final topic, Research on Antileishmanial Compounds from Medicinal Plant Resources.

#33

Firstly, I would like to discuss the topic, why are the plant resources important? As you know, the
drug discovery was recently seen some big changes with the introduction of new techniques such as
genomic drug discovery and these have already become mainstream techniques. Accordingly, many
methods that utilize plant resources for drug development have become obsolete.

However, in modern drug discovery techniques such as “combinatorial chemistry” and “high-
throughput screening”, low-molecular weight synthetic compounds have been regarded as skeletal
limitations of their respective chemical structures. This reminds us of the importance of naturally-
occurring compounds, especially those of plant origin.

Plants have the ability to biosynthesize the compounds with unique chemical structures and most of
these compounds cannot be synthesized even today. Medicinal plants are used as folk medicine in
most countries. So, on the basis of such traditional experiences we think that there is a high
possibility of discovering new medicines from the medicinal plant resources.

#34

Next, what is leishmaniasis? Leishmaniasis is an infectious disease distributed mainly in tropical
regions, and most countries affected are developing countries. Leishmaniasis is transmitted by small
sand fly and classified into three clinical conditions according to Leishmania strain. The first is the
cutaneous type where ulcers occur in the affected area. The second is mucocutaneous type, which
results in inflammation of the nasal and oral mucosa. The third is the visceral type and is the most
serious of the three types.

Maybe you know, recently it is very serious pandemic at the southern part of Sudan, Africa. This
pandemic is this type. So, infection causes inflammation of the liver and the spleen and the condition
is fatal if left untreated. Treatment, however, is not that simple, because there are some problems with
antileishmanial drugs currently available. For example, existing treatments such as pentavalent
antimonials are expensive and highly toxic and require a long-term administration. Furthermore,
expensive drugs are out of reach to most patients in developing countries.

#35

Leishmaniasis cwirently affected 12 million people across 88 countries, and South America in
particular, all type of leishmaniasis are distributed. Especially in Peru, many people have suffered
from this disease since ancient times. About 10 years ago, Peruvian researchers asked us to find a new
treatment derived from the medicinal plants in Peruy, this is why we started this project.

#43-44

This slide shows the antileishmanial activity of crude drugs used in Kampo medicines prescription. In
addition to screening mentioned so far, we have also screened the antileishmanial activity of crude
drugs used as Kampo medicine prescriptions. During the screening of several crude drugs used in
Kampo, the hexane extract of Lithospermum root shows the highest active result. The Lithospermum
root is well known to contain the shikonin and several of its derivatives from the purple pigment. This
showed extremely potent activity.

#45
Lithospermum root is one of the ingredients of the Kampo ointment shi-un-ko which is a very famous

ointment for the treatment of various external diseases and it is especially effective for treating the
burns.
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#46

We discovered the potent antileishmanial activity of shikonin derivatives in Lithospermum root, then
set out to conduct a clinical study in cooperation with local doctors, Clinical trial test was conducted
with the patients of various ages in specific region in Peru. All patients had cutaneous leishmaniasis.

#47
This table summarized the community areas where clinical tests were conducted. Four areas were
selected for clinical test and 53 patients were subjected to tests for shi-un-ko.

#48-50
Here, we can see lesions of patients in the clinical trial. Shi-un-ko ointment was applied to the skin

lesion of the cutaneous leishmaniasis. This shows the biopsy of the affected areas after scar formation.

As seen here, the entire affected area formed the scar tissue afier treatment with shi-un-ko.

#51

This table summarized the clinical tests performed in Peru. In 46 patients, a scar formed in ! month,
and protozoa survival was not observed in any cases in biopsy after treated. Andean-type
leishmaniasis normally healed spontaneously in 6 months to 1 year, but with shi-un-ko ointment the
healing time was reduced to 1 month.

#52

Here is my summary. In our research for antileishmanial compounds from plants, based on
information of local folk medicine. Several active ingredients were isolated and their chemical
structures were elucidated. It was in fact the potent antileishmanial activity of shikonin that led us to
conduct clinical trials with the Kampo ointment “Shi-un-ko”, which we found to be effective against
cutaneous leishmaniasis. Moreover, this ointment can be applied to patients, who no longer respond
to existing drugs and even to pregnant women. Thank you for your kind attention.

- 157 -
- 261 —



4.2

Project of Research Center for Medicinal 1. Introduction of Research Center for

Plant Resources, National Institute of Medicinal Plant Resources (RCMPR),
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Purpose of CQnstrucﬂan of Medicinal Plant Database {MPDB)
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