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Plant of interest — Prunella vulgaris L.
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Summary: Self-heal (Prunella vulgaris L.), known as a remedy traditionally used as Chinese medicine, was neglected in modern pharmacy
until the 20th century. Although in the Middle Ages it was respected for its wound-healing effect, the usage of this medicinal plant was
confined just to the conventional pharmacy. Nowadays, because of the great dislike of synthetic materials, however, self-heal has become one
of the most important target plants again. Owing 1o its valuable active constituents, besides its wound-healing effect, the plant can also be used
as hepato-protective, antioxidant, anti-HIV, anti-cancer remedy, and it is effective against Herpes virus, as well. Its taste — and odourless
extracts are applied by the food industry as natural food preservatives. Taking into account the importance of self-heal our aim was to
introduce this plant species more detailed with regard to its active agents, effects and cultivation methods.
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Introduction

Sclf-heal, belonging to the Lamiaceae family, is native to
Eurasia, but it has been naturalized also in the temperate zone
of America and Australia (Kirtikar et al., 1935; Keville,
1991). It is a herbaceous, slightly pubescent perennial plant.
It has short rhizome and erect or ascending, 5-30 ¢m tall
stems. These small stalks are creeping on the ground from
which new roots are shooting. The leaves are opposite with a
typical mintlike form. The flowers are found in whorls in
dense terminal cylindrical or almost globular inflorescences.
The fruit consisted of 4 smooth nutlets. In Hungary it is very
common in meadows, pastures, and open forests. Its lilac
flowers can be seen from June until October (Culpeper,
1604; Keville, 1991; Laurent, 1996: Simon, 2000) (Figure 2).

The Latin name of the plant — Prunella — seems to be
originating from the old German name ,.Brunella”. The
expression ,die Brailine™ means sore throat indicating that
basically self-heal was used to treat the inflammation of the
throat (Keville, 1991). According to other authors the name of
the plant comes from the brown (Braun) colour of the spikes
bearing the fruits. In the Latin name we can also discover
~prunun”, with the meaning of lilac that is connected to the
colour of the flowering spikes (Rogers, 2000).

The drug of the plant — Prunellae herba — is not official
either in the European or in the Hungarian Pharmacopoeia
(Ph. Eur. V., Ph. Hg. VIIL). Probably, owing to the lacking
description of the drug the literature is very contradictory
with relevance to the collected plant part. For example in
China spikes holding fruits are recommended to collect
(Tien, 1979), while in Japan just the flowering spikes are
regarded to be the drug (Pharmacopoeia Japonica, 1981.,
Tubba et al., 1989). In Europe the flowering stems are used

traditionally (Grieve, 1992; Psotova et al., 2005; Bomme et
al., 2006). However, in some cases the leaves collected
before flowering were the starting materials of the analysis
(Laurent, 1986; Kojima et al., 1990). In many experiments
the origin of the plant material is unknown, and it is very
common that the researchers do not pay enough attention to
the description of the quality of the drug (Collins et al., 2006;
Psotova et al., 2006; Zhang et al., 2007).

Utilization of the plant has a huge historical background.
[t is traditionally applied by the Chinese (Beusky Gamble,
1986), the Japanese (Kojima et al., 1990) and the Indian
pharmacy (Kirtikar et al., 1935). In the Medieval Times
similarly to other medicinal plants it was considered to be an
all-heal remedy (Culpeper, 1640). The possible usage of self-
heal in the modern pharmacy was unreasonably neglected.
However, at the end of the 20" century more and more
experiments were focusing on the chemical components of
Prunella vulgaris (Kojima Ogura, 1986; Kojima et al., 1987).
According to the results today self-heal is tended to be one of
the most perspective ,rediscovered” plants among medicinal
plant species (Psotovd et al., 2005). Both pharmaceutical and
nutraceutical utilization of the species has become more
significant, recently.

Active constituents
and effects of Prunella vulgaris 1. .

Prunella vulgaris contains many types of active agents
having important biological effects on the human body.
Several scientists managed to detect one of the most
important phenol components, the rosmarinic acid in the
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plant tissues (Psotova et al.. 2005; Psotova et al, 2006; Park
et al.. 2007), however the proper percentage of this
constituent was given only one time by Lamaison and co-
workers in 1991 (6.1%). During the examination of
Hymgarian wild populations of self-heal in 2005 the results
regarding to the rosmarinic acid content, however, werc
between 1.84-0.13% (Sdrosi & Bernath, unpublished). Its
related component, caffeic acid can also be found in the
extracts. Other types of phenols, such as flavonoids (rutin,
hyperoside) and colouring antocyanidins (delphinidin,
cyanidin) were also detected. The strong astringent activity is
due to the high content of tannins (Sendra, 1963). The
amount of the above mentioned components are not given in
the publications. Dmitruk and co-workers were the first in
1985, who managed to find coumarins in the plant in the
amount of 0.26-0.4%. Phenol compounds are considered to
be “multifunctional antioxidants” (Laughton et al., 1989;
Aruoma et al., 1990). They are able to scavenge singlet
oxygen, and thus lower the local oxygen concentration
(Beutner et al., 2001). They take part in chelating metal ions
(Brown et al., 1998), and can also block the activity of some
enzymes responsible for oxidation (Cos et al., 1998).

Prunella vulgaris contains essential oil (0.4-0.6%) too,
in which the main components arc d-camphor and
d-fenchone (bicyclic monoterpenes) (Gildemeister Hoff-
mann. 1961). Essential-oil glands formed by 2-4 bunched
cells were discovered by Dmitruk et al. (1985) during the
microscopic examination of the leaf surface. From the group
of triterpenoids ursolic and oleanolic acid, and among
tetraterpenoids carotinoid type constituents were also
described in the plant without giving the proper percentage
of these active agents (Sendra, 1963). Triterpenoids are
effective against high blood-pressure (Sokovnova et al.,
2003), as well as they are antibacterial (Braca et al., 2000)
and cytotoxic to tumour cells (Ukiya et al., 2002). Moreover,
these chemical substances also have antiviral and anti-HIV
effects (Serra et al., 1994), they can be used against
hyperglycaemia (Taniguchi et al., 2002) and gastric-ulcer
(Farina et al., 1998) and they protect the liver by scavenging
the free radicals (Lin et al., 1994).

Ursolic acid was first detected by Shimano and co-workers,
and it was assumed that also the glycoside form of this
compound was also accumulated by the plant. This new active
agent later was called as ,,prunellin” (Tubba et al., 1989).

Therapeutic application of Prunella vulgaris L.

[n China, the herb “clears the liver and brightens the
eyes...Clears heat and dissipates nodules” (Beusky Gamble,
1986). In the Indian traditional medicine self-heal is used as
an antipyretic, tonic, diuretic remedy. It is also applied
against inflammations, diseases of the heart, difficult
breathing, lung problems, bronchitis, muscular pain, diseases
of the liver. Prunella vulgaris is also used by the Indians in
North-America. Traditionally, it is applied for cleansing
wounds, or as a gargle for sore and inflamed throats. The

plant’s extracts are considered to be a tonic against stomach
problems (Rogers, 2000). In the Middle Ages according to
Culpeper it was used “cither inwardly or outwardly, for all
inward wounds or ulcers whatsoever within the body, for
bruises or falls, and such like hurts” (Culpeper, 1640).

Nowadays self-heal has been the target plant of several
researches. In 1987, Lee and co-workers examined the
cytotoxic principles of the ursolic acid, extracted from self-
heal, since this agent is regarded as one of the main active
constituents having antileukemic effect. It was proved, that the
plant extract had a cytotoxic effect against mammary tumour
cells. too (Lee et al., 1987). Chang and Yeung, in 1988, proved
first that the aqueous extract of Prunella vulgaris — mainly its
polysaccharide, the prunellin — inhibited the in vitro growth of
human immunodeficiency virus (HIV). Then, in 2002 Liu and
co-workers managed to describe the whole anti-HIV process
initiated by the extracts of self-heal. In 2000, Liu and Ng
examined the antioxidant, superoxide- and hydroxyl
scavenging activities and prooxidant effect of twelve selected
medicinal plants. According to the authors mainly polyphenols,
flavonoids and terpenes are responsible for the antioxidant
activity. As the aqueous extract of Prunella vulgaris is rich in
phenolic compounds it was characterised by strong activity
with slight prooxidant effect. Skottova et al. (2004) studied the
effect of the phenolics-rich extracts of self-heal on blood and
liver antioxidant status and lipoprotein metabolism. According
to the results the plant improved the antioxidant status both in
blood and liver. It was found that the extract of the plant
(consisting of a mixture of triterpenoids, flavonoids, tannins
and polysaccharide) had an immunosuppressive effect (Sun et
al.. 2005) while in the same yeuar Fang and co-workers
ascertained that self-heal (mainly its polysaccharides) was
immune stimulatory. Psotovd et al. (2005) analyzed the cardio-
protective effect of the plant. The ethylacetate fraction (rich in
rosmarinic acid) of self-heal was more effective than the
medicine Dexrazoxan, applied as a control. In the latest
research, Psotova et al. (2006) examined the photoprotective
properties of self-heal on human keratinocytes. According to
the results Prunella vulgaris can be used in skin care cometics
owing to the high rosmarinic acid content. The extract protects
against UVA-induced oxidative-stress.

Today, self-heal is one of the basic materials of several
modern and very effective products too. Among these one of
the most important was developed by a Hungarian research
group. The name of the product is ROSMOL, natural food-
preservative that contains the extracts of rosemary, hyssop,
lemon balm and self-heal. It was proved to have strong
antioxidant activity in vitro during the storage of products
containing lipid (Lugasi et al., 2006). Another well-known
product — RUHEXIAO capsule — was developed by Chinese
scientists. It is consisted of the following materials: Prunella
vulgaris, Ligusticum wallichii, Bupleurum chinense, Paeonia
lactiflora and tortoise-shell. In clinical trials it was effective
against mammary gland proliferation with little toxic side:
effects (Lu et al., 2002).

In 2002 a new natural herbal product — SKI 306X
(extracted from Clematis mandshurica, Trichosante




Plant of interest — Prunella vulgaris L.

75

kirilowii and Prunella vulgaris) — was examined against
osteoarthritis. The results indicated that this product

inhibited the proteoglycan degeneration and significantly Length of
protected the knee joint of rabbits (Choi et al., 2002). Population/ flowering Length of Number of
Locations stems (cm) spikes (cm) nodes
K 20.5045.47 1.70£0.75 2.50+0.71
Cultivation of Prunella vulgaris L. B 16.54.00 1902074 324045
o ) ) . ) KR 26.1+7.48 2.58+1.04 2.80+0.63
:he“‘; 18:)951. 4 ‘;er);rtiw ‘lja!ta :‘ the ]"_‘c"rat”; C_;’!"“e]r;:;g G 15.45+4.29 1.4740.42 2.60£0.52
b Ve selr-neal. VIEW, nile
%0 s CRINGRINNGL BCUreal, I Bed VIO, Swiie (132d) SB 10.70+2.47 1.1240.47 3.30+0.48
writes that the plant can be propagated by sowing, cuttings or
i ; A \% 17.05+3.89 1.750.35 3.100.88
division. For the appropriate growing it needs 20-30 cm
- . A ; ) SV1 9.67+2.89 2.50+0.87 1.33+0.58
spacing, well-drained soil (soil temperature must be above : =
. . . - .}
21 °C) with the pH 6-7. The germination of the seeds can take SN2 3380:637 20004 0

Table 1 Morphological characteristics of the examined Prunella vilgaris 1.
populations Values are expressed in mean+standard deviation

1-3 weeks. It prefers sunny position. The seeds of the plant
are drafted by the wind, so it can easily become a weed.
Macek Leps (2003) noticed that self-heal, in its natural
habitat prefers vegetative reproduction. Similarly to mint
species the plant grows stolons and in adventitious
conditions it develops more stolons and shorter internodes.
In Germany. in 1999 new research projects were started
focusing on the possibility of cultivation of several Chinese

(K: Katalinvolgy, B: Borzsonyliget, KR: Kiralyrét, G: Botanical garden-Godollo,
SB: Botanical garden-Soroksar, V: Vicratot, SV1: one-year-old cultivated
population-Soroksar, SV2: two-year-old cultivated population-Soroksar)

however, in the second year we observed very long flowering
stems comparing to those of the wild populations. The wild
self-heal herbage collection was done from June to August,
2006, from the following Hungarian habitats: Katalinvolgy,

medicinal plants. According to the results in the case of self-
heal Central-Europe was signed to be the most appropriate
place for cultivation (Blaszezyk, 1999). In 2002, continuing
the research work on selected Chinese medicinal plants it
was ascertained, that in two-year periods good drug yields of
self-heal can be achieved. Nevertheless, they have pointed
out that drug production is highly affected by the growing
year (Bomme et al. 2006).

Results of cultivation trials in Hungary

In our own research work we have established populations
by using German seed in the experimental field of the
Department, in Soroksar. Seeds were sown into propagation
trays in February 2005 and 2006. The seedlings were planted
into the open field in May, with the spacing of 20 x 20 cm.
The plants were often watered by spraying irrigation during
summer. In the first year only a few individuals flowered,

Figure 1 Natural habitats of the collected Prunella vulgaris L. in Hungary

Borzsony Hills (K);

8

.

Borzsonyliget, Borzsony Hills (B);

Figure 2 Prunella vulgaris L. in its natural habitat, Grassalkovich Castle
Park. Godollo, Hungary

Figure 3 Flowering two-year-old Prunella vulgaris L. under cultivation,
Soroksar, Hungary
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Kiralyrét, Borzsony Hills (KR); Grassalkovich Castle Park,
Godolld (G): Soroksir, Botanical Garden (SB); Vacritot,
Botanical Garden (V) (Figure 1). The identification of the
appropriate plant species was carried out by following the
botanical description of SIMON (2000). For morphological
bbservations, the length of the blooming sprouts and spikes,
and number of nodes were determined on 20 randomly
chosen plants. As in the wild habitats plants are growing
diffusely drug yields were impossible to measure. For the
characterization of growing — strength the above mentioned
morphological features are given.

Among experimental circumstances the average
flowering stem length of the two-year-old plants was 33.80
em. while in the natural habitats it was between 10.70-26.10
cm (Table 1, Figures 2-3). The cultivated two-year-old plants
were also characterised by longer flowers (average length
2.60 cm, in the wild pupulurions the length of the {lowers
varied between 1.12-2.58 ¢cm) (Table ). According to these
results self-heal can be casily cultivated; and the flowering
sprouts should be harvested in the second year.

References

Anonymous (1981): Pharmacopoeia Japonica. Hirokawa, Tokyo,
Japan: Editio Deca.

Anonymous (2006): Hungarian Pharmacopoeia (8 th ed.). Buda-
pest, Hungary: Medicina Konyvkiado.

Anonymous (2005): European Pharmacopoeia (5 th ed.). Stras-
bourg, France: Council of Europe.

Aruoma, O.1, Evans, P.J., Kaur, H., Sutcliffe, L. & Halliwell, B.
(1990): An evaluation of the antioxidant and potential pro-oxidant
properties of food additives and of Trolox C, vitamin E and
probucol. Free Radical Research Communications 10: 143-157.

Beusky, D. & Gamble, A. (1986): Chinese Herbal Medicine.
Materia Medica. Seattle, USA: Eastland Press.

Beutner, S., Bloedron, B., Frixel, S. & Blanco, 1.H. (2001):
Quantitative assessment of antioxidant properties of natural
colorants and phytochemicals: carotenoids, flavonoids, phenols and
indigoids. The role of B-carotene in antioxidant functions. Journal
of the Science of Food and Agriculture 81: 559-568.

Blaszezyk, T. (1999): Cultivation of Chinese medicinal plants in
Hamm. Zeitschrift fiir Arznei- Gewiirzpflanzen 4: 199-202.
Bomme, U., Heubl, G. & Bauer, R. (2006): Erste Ergebnisse der
Untersuchungen zur botanischen Charakterisierung sowie zum
Ertagsverhalten und [nhaltsstoffspektrum  verschiedener Herkiinfte
von Prunella vulgaris L., Leonorus japonicus Houtt., und Sigesbeckia
pubeseens Makino. Zeitschrift fiir Arznei- Gewiirzpflanzen 11: 81-91.
Braca, A., Morelli, I, Mendez, I., Battinelli, L., Braghiroli, L. &
Mazzanti, G. (2000): Antimicrobial triterpenoids from Licania
heteromorpha. Planta Medica 66: 768-769.

Brown, J.E., Khodr, H., Hider, R.C. & Rice-Evans, C.A. (1998):
Structural dependence of flavonoid interactions with Cu 2 -ions:
implications for their antioxidant properties. Biochemical Journal
330: 1173-1178.

Choi, J.H., Kim, D.Y., Joon, Y.H., Youn, H.Y., Yi, J.B., Rhee, H.L,
Ryu, K.H., Jung, K., Han, C.K., Kwak, W.J. & Cho, Y.B. (2002):

Effects of SKI 306X, a new herbal agent, on proteoglycan
degradation in cartilage explant culture and collagenase-induced rab-
bit osteoarthritis model. Osteorathritis and Cartilage 10: 471 —478.

Collins, N.H., Lessey, E.C., Fowler, L., Palomino, W.A,,
Houwing, A.M. & Lessey, B.A. (2006): P-374: Herbal therapy for
endometriosis: Prunella vulgaris (self heal) reduces the size and
number endometriotic xenografts in immunodeficient RAG-2/gam-
ma(c) knockout mice. Fertility and Sterility 86: 274.

Cos, P, Ying, L., Calome, M., Hu, J.P.,, Cimanga, K., Van Poel,
B., Pieters, L., Vlietnick, A.J. & Van Den Berghe, D. (1998):
Structure-activity relationship and classification of flavonoids as
inhibitors of xanthine oxidase and superoxide scavengers. Journal
of Natural Products 61: 71-76.

Chang, R.S. & Yeung, H.W. (1998): Inhibition of growth of human
immunodeficiency virus in vitro by crude extracts of Chinese
medicinal herbs. Antiviral Research 9: 163-176.

Culpeper, N. (1640): Culpeper’s Complete Herbal. W. London,
UK: Foulsham Co. Lid.

Dmitruk, S.l., Dmitruk, S.E., Khoruzkaya, T.G. &
Berezovskaya, T.P. (1985): Pharmacognostic investigations in
Prunella vulgaris L. Rastitel’ nye-Resursy 21: 463-469.

Fang, X., Yu, ML.M.S,, Yuen, W.H., Yong, Z.S. & Chang, R.C.C.
(2005): Immune modulatory effects of Prunella vulgaris L. on
monocytes/macrophages. International Journal of Molecular
Medicine 16: 1109-1116.

Farina, C., Pinza, M. & Pifferi, G. (1998): Sythesis and anti-ulcer
activity of new derivates of glyeyrrhetic, oleanolic and ursolic acids.
Pharmacology 53: 22-32.

Gildemeister, E., Hoffmann, ER. (1961): Die itherische Ole.
Band VIL Berlin, Germany: Akademie-Verlag.

Grieve, M. (1992): A Modern Herbal. London, UK: Tiger Books
International.

Keville, K. (1991): The Illustrated Herb Encyclopedia. NewYork,
USA: Mallard Press.

Kirtikar, K.R., Basu, B.D. & Au, 1.C.S. (1935): Indian Medicinal
Plants. Second Edition, vol. 111. Delhi, India: Jayyed Press.
Kojima, H. & Ogura, H. (1986): Triterpenoids from Prunella
vulgaris. Phytochemistry 25, 729-733.

Kojima, H., Tominaga, H., Sato, 5. & Ogura, H. (1987):
Pentacyclic triterpenoids from Prunella vulgaris. Phytochemistry
26: 1107-1111.

Kojima, H., Sato, N., Hatano, A. & Ogura, H. (1990): Sterol
glucosides from Prunella vulgaris. Phytochemistry 29: 2351-2355.
Lamaison, J.L., Petitjean-Freyet, C. & Carnat, A. (1991):
Medicinal Lamiaceae with antioxidant properties, a potential
source of rosmarinic acid. Pharm. Acta Helv. 66: 185-188.
Laughton, M.J., Halliwell, B., Evans, P.J. & Hoult, J.R.S
(1989): Antioxidant and pro-oxidant actions of the plant phenolics
quercetin, gossypol and myricetin. Biochemical Pharmacology 38
2859-2865.

Laurent, E. (1986): Country Life Guides. Edible and medicinal
plants of Britain and Northern Europe. I Edition. London, UK
Hamlyn Publishing Group.

Lee, K.H., Lin, Y.M., Wu, T.S., Zhang, D.C., Yamagishi, T.
Hayashi, T., Hall, LH., Chang, J.J., Wu, R.Y. & Yang, TH
(1988): The cytotoxic principles of Prunella vulgaris, Psychotri
serpens, and Hyptis capitata: ursolic acid and related derivates
Planta Medica 308-311.




Plant of interest — Prunella vulgaris L.

71

Lin, J., Lin, Y.P. & Klaasen, C.D. (1994): The effect of Chinese
hepatoprotective medicines on experimental liver injury in mice.
Journal Ethnopharmacology 42: 183-191.

Liu, F. & Ng, T.B. (2000): Antioxidative and free radical scavenging
activities of selected medicinal herbs. Life Sciences 66: 725-735.
Liu, S, Jiang, S., Wu, Z., Lv, L., Zhang, ]., Zhu, Z. & Wu, S.
(2002): Identification of inhibitors of the HIV-1 gpdl six-helix
bundle formation from extracts of Chinese medicinal herbs Prunella
vulgaris and Rhizoma cibotte. Life Sciences 71: 1779-1791.

Lu, X.M., Shen, C. & Peng, S.L. (2002): Clinical study on
treatment of mammary gland proliferation in women with Ruhexiao
capsule (RHXC): Stage Il. Chinese Journal of Information on
Traditional Chinese Medicine 9: 20-21.

Lugasi, A., Hovari, J., Hagymasi, K., Jakoezi, 1. & Blazovics, A.
(2006): Antioxidant properties of a mixture of Lamiaceae plants
intended 1o use as a food additive. Acta Alimentaria 35: 85-97.
Macek, D. & Leps, J. (2003): The effect of environmental
heterogenity on clonal behaviour of Prunella vulgaris L. Plant-
Ecology 168: 31-43.

Park, S.H., Oh, IL.S., Kang, M.A., Cho, H., Prasad, J.B., Won, J.
& Lee, K.H. (2007): The structure—activity relationship of the
series of non-peptide small antagonists for p56lck SH2 domain.
Bioorganic & Medicinal Chemistry (in press)

Psotova, J., Chlop€ikova, S., Miketova, P. & Simanek, V. (2005):
Cytoprotectivity of Prunella vulgaris on doxorubicin-treated rat
cardiomyocytes. Fitoterapia 76: 556-561.

Psotovi, J., Svobodova, A., Kolarova, H., Walterova, D. (2006):
Photoprotective properties of Prunella vulgaris and rosmarinic acid
on human keratinocytes. Journal of Photochemistry and
Photobiology B: Biology 84 167-174.

Rogers, R.D. (2000): Roger’s Herbal Manual. Edmonton, Canada:
Karomat Wilderness Ways.

Sendra, J. (1963): Dissertations Pharm. 15:333, cL.CA. 1964. 61: 6042.
Serra, C., Lampis, G., Pompei, R, & Pinza, H. (1994): Antiviral acti-
vity of new triterpenic derivates. Pharmacological Reserarch 29:
359-366.

Shimano, T., Mizuno, M., Okamoto, H. & Adachi, K. (1957):
Jap. J. Pharm. Chem. 29. p: 109.

Simon, T. (2000): A magyarorszigi edényes flora hatarozoja, 4.
kiadds. Budapest: Nemzeti Tankonyvkiado,

Skultuvai, N., Kazdova, L., Oliyarnyk, 0., Vecera, R., Sobolova,
L. & Ulrichova, J. (2004): Phenolics-rich extracts from Silybum
marianum and Prunella vulgaris reduce a high-sucrose diet induced
oxidative sterss in hereditary hypertriglyceridemic rats.
Pharmacological Research 50: 123-130).

Sokovnova, L.1., Nadar, A., Ramnanan, P. & Shade, F.0. (2003):
Cardiovascular, antihyperlipidemic and antioxidant effects of
and ursolic acid in experimental
Phytomedicine 10: 115-121.

Sun, H.X,, Qin, F. & Pan, Y.J. (2005): In vitro and in vivo
immunosuppressive activity of Spica Prunellae ethanol extract ont
he immune responses in mice. Journal of Ethnopharmacology 101:
31-36.

Tabba, H.D., Chang, R.S. & Smith, K.M. (1989): Isolation,
purification, and partial characterisation of prunellin, an anti-HIV
component from aqueous extracts of Prunella vulgaris. Antiviral
Research 11: 263-274.

Taniguchi, S., Imayoshi, Y., Kobayashi, E., Takamatsu, Y., Ito,
H., Hatano, T., Sakagami, H., Tokuda, H. & Nishino, H. (2002):
Production of bioactive triterpens by Eiobotria Japonica calii.
Phytochemistry 59: 315-323.

Ukiya, M., Akihisa, T., Tokuda, H., Suzuki, H., Mukainaka, T.,
Ichishi, E., Yasukawa, K., Kasahara, Y. & Nishino, H. (2002):
Constituents of Compesitae plants. 111: Anti-tumor promoting
elfects and cytotoxic activity against human cancer cells lines of
triterpen diols and triols from edible chrysanthemum flowers.
Cancer Letters 177: 7-12.

Zhang, Y., Pui-Hay, P.B., Eng-Cheong, V.O., Hong-Xi, X.,
Delaney, G.D., Lee, S.H.S. & Lee, S.F. (2007): Chemical
properties, mode of action, and in vivo anti-herpes activities of a
lignin—carbohydrate complex from Prunella vulgaris. Antiviral
Research (in press)

oleaonlic hypertension,



http://www.tcpdf.org

