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ABSTRACT

To elucidate the defence mechanisms of Hypericum perforatum L. against Colletotrichum gloeosporioides, we utilized cell suspension cultures.
When primed with methyl jasmonate, H. perforatum cells showed a double oxidative burst upon Colletotrichum gloeosporioides elicitation typical
of a hypersensitive response. Phenolic profile of the cells was modified upon various stimuli such as salicylic acid, MeJ and C. gloeosporioides.
The possible importance of reactive oxygen species production and phenolics (xanthones) as components of defence mechanism of H.
perforatum against biotic stress is discussed.

1. INTRODUCTION

St. John's wort (Hypericum perforatum; HP) is a medicinal plant widely used in folk medicine in several countries. Its properties have been
mentioned since ancient times, by physicians like Dioscorides, Galen and Plinio. In the Medieval age, St. John’s oil was a very famous unguent
utilised as a remedy for several ailments. The earlier use of St. John’s wort was mainly based on traditional knowledge. In the past decades,
systematic approaches in phytochemical, pharmacological and clinical studies gave a better knowledge of the medicinal properties of this plant.
Recently, the potential of HP extracts or compounds to act as antiviral (Miskovsky 2002), antitumour (Schempp et al. 2002), neuroprotective
(Silva et al. 2005), and antioxidant (Silva et al. 2004) agents have been investigated. Hypericin has been considered as a promissory compound
for the photodynamic therapy of cancer (Agostinis et al. 2002, Blank et al. 2004).

Nowadays, the utilization of HP extracts for the treatment of depression has become prominent and some recent reviews focusing this issue
can be pointed out (Erdelmeyer et al. 2000, Di Carlo et al. 2001, Butterweck 2003). Several studies have successfully demonstrated the clinical
effectiveness of HP preparations in properly controlled clinical trials (Trautmann-Sponsela and Dienel 2004, Szegedi et al. 2005). As a
consequence, the demand for St. John’s wort derived pharmaceuticals and dietary supplements have drastically increased in recent years (Wills
et al. 2000). Presently, St. John’s wort is one of the best-selling herbal medicines worldwide with an important share in the phyto-pharmaceutical
and OTC market of Europe and USA.

The commercially available HP derived products include sophisticated phyto-pharmaceuticals, tinctures, teas, juices and oily macerates.
Also, several brands of common food products, such as beverages and yoghurts, include St John’s wort extracts as additives. A major dilemma
faced by consumers, manufacturers, and regulators is the high degree of variability in the product quality. Efforts are being made by the phyto-
pharmaceutical industry in order to improve the quality and constancy of the supply of Hypericum products. Nowadays, most of the commercial
products are derived from selected HP accessions cultivated in the field instead of wild plant collections as raw material. Today, HP cultivation
covers several hundred hectares in Europe (Gaudin et al. 2003).

Anthracnose caused by the fungus Colletotrichum gloeosporioides (CG) is a major problem in field cultivation of HP. This fungus is
responsible for significant losses in HP plantations by lowering the yield and eventually modifying chemical composition of the biomass produced.
Extensive efforts have been taken to obtain HP plants resistant to anthracnose but, until now, this goal has not been achieved. Understanding
the biochemical and molecular basis of resistance is a prerequisite to obtain disease-resistant varieties, when natural resistance is inadequate.
Nevertheless, little is known about the defence responses of HP against pathogen attack. Recently, differential accumulation of hyperforin and
hypericin in HP plantlets was observed as a response to CG elicitation (Gibson and Sirvent 2002).

Abbreviations: CG, Colletotrichum gloeosporioides; HR, hypersensitive response; HP, Hypericum perforatum; MeJ, methyl jasmonate; ROS, reactive oxygen species;
SA, salicylic acid; 1,3,6,7-xanthone, xanthone with the 1,3,6,7 oxygenation pattern
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Plant cell cultures are in general useful tools to study several aspects of plant biology, including plant defence. They have been utilized, with
success, as models to study biochemical changes related to plant defence responses against pathogens (Hagemeir et al. 1999, Conrath et al.
2002, Hahlbrock et al. 2003). These systems offer some advantages, compared to the in vivo plant-pathogen interaction, which includes the
simplicity of manipulation and a precise cause-effect determination. The use of cell cultures has also been of great help for the identification of
the signaling pathways and timing of the events activated during plant defense responses. This is because they are uniform systems in which
identical cells are equally exposed to a certain stimulus and, thus, simultaneously activate their response (De Gara et al. 2003). Taking this in
consideration, the use of in vitro cultures to study the defence response of HP against CG could give new insights for disease control.

2. MODULATION OF THE PRODUCTION OF REACTIVE OXYGEN SPECIES (ROS) IN H. PERFORATUM CELLS

In normal conditions, ROS are routinely generated at low levels in non-stressed plant cells in -
chloroplasts and mitochondria, and also by cytoplasmic, membrane bound or exocellular

enzymes involved in redox reactions (Wojtaszek 1997). The majority of cells have also ‘*‘C""":'
acquired the protective mechanisms to maintain the lowest possible levels of ROS inside the 35 _._zz;mm
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cell. In some cases, however, especially under stress conditions such as pathogen attack,
these protective mechanisms are overdriven by the rapid, transient production of a huge
amount of ROS, named the ‘oxidative burst’ (Lamb and Dixon 1997, Mackerness et al. 2001,
Scandalios 2002, Torres et al. 2002).

The purpose of ROS production in plants includes: i) direct killing of pathogens, by the
generation of extremely reactive radicals like the hydroxyl radical (De Gara et al. 2003); ii)

internal ROS (relative units)

involvement in cell wall stiffening by catalysing intra- and inter-molecular cross-links between Ly

structural components of cell walls and lignin polymerisation (Ros-Barcelé 1997); iii) s

promotion of the programmed cell death (Scandalios 2002) and iv) to serve as signalling A

molecule to activate further plant defence (Tenhaken et al. 1995). 0 © 100 1 A0 2%
In most incompatible responses the rapid induction of ROS determines unfavourable Time (min)

conditions for pathogen growth. These may result in the death of small number of plant cells . o ) o

. . f o . ) ; Fig. 1 ROS production in response to various stimuli.
at the site of infection, known as hypersensitive response designed to impair pathogen s the typical double ROS burst in HP cells elicited
spread. In a series of experiments, we studied the ROS production in HP cells in response to  yith CG after priming with MeJ.
various stimuli (Conceigao et al. 2003, Ribeiro and Dias 2004). HP cells were challenged with
autoclaved CG biomass with or without prior treatment (24 h) of cultures with 25 uM of salicylic acid (SA) or 100 uM methyl jasmonate (MeJ).
Individual effects of SA and MeJ on ROS production were also checked. Quantity of ROS produced internally by HP cells was measured by a
fluorescent probe (2',7'- dichlorofluorescein diacetate) during the first 5 hours of culture, following the addition of elicitors. The ROS production in
response to various treatments is shown in the Fig. 1. An initial ROS burst was observed in the HP cells after 25 min of elicitation with CG. This
initial ROS burst was more intense when the HP cultures were primed with SA or MeJ before exposing to the CG extract. However, MeJ-primed
cells produced significantly more ROS than those pre-treated with SA. A very intense second ROS burst (125 min after treatment) due to CG
elicitation was observed only in MeJ-primed HP cells. This reaction is typical of a hypersensitive response, characteristic of an incompatible
plant-pathogen interaction.

The mechanism of action of SA and MeJ (or more general, jasmonates) is still in debate (Felton and Korth 2000). These two compounds
seem to act independently via antagonising pathways giving rise to various plant responses. Similarly, in the present study also the ROS
production upon CG elicitation was also differentially mediated by MeJ and SA. Our results also explain that the hypersensitive response in HP
cells is MeJ- mediated.

3. MODULATION OF THE PRODUCTION OF PHENOLIC COMPOUNDS IN H. PERFORATUM CELLS

In the presence of a pathogen, plants develop a vast array of secondary metabolic defence responses sequentially activated in a complex multi-
component network including the production of several phenolics (Dixon and Paiva 1995, Dixon 2001, Tan et al. 2004). The phenolics produced
might contribute to disease resistance in plants as new inducible low molecular-weight compounds, called ‘phytoalexins’. These compounds are
post-infectional, i.e. although they might already be present at low concentrations in the plant, they rapidly accumulate upon pathogen attack.

Several studies concerning the plant defence response against Colletotrichum sp. infection have been done. Colletotrichum lagenarium
caused enhanced incorporation of cell wall-associated phenolics in cucumber (Daen and Kuc 1987). Epicatechin was involved in the resistance
of unripe avocado fruits to CG (Wattad et al. 1994). Reduction in the phenolic content of leaves of water lilies was associated with a higher
disease severity caused by C. nymphaeae (Vergeer and van der Velde 1997).

The possible relevance of phenalics in the defence mechanisms of HP against CG was evaluated (Conceigéo et al. 2003 2004 2005). HP
cell cultures were primed and elicited as described in the previous section. Soluble phenolics were analysed by HPLC-DAD and HPLC-DAD-
MS/MS during the course of interactions, as described elsewhere (Dias et al. 1999, Silva et al. 2005).

In normal conditions, the major groups of phenolic compounds produced by HP cell suspension cultures were xanthones with the
oxygenation patern 1,3,6,7 (1,3,6,7-xanthones) and quercetin derivatives (Fig. 2A), as already reported elsewhere (Dias et al. 2001, Dias 2003).
We observed significant changes in the phenolic profile of HP cells upon various stimuli. When treated with MeJ, HP cells produced several new
compounds that were not detected in the control cells (Fig. 2B). Those compounds were a new set of flavonoids, the flavones, and were
identified as luteolin and apigenin derivatives (Conceigéo et al. 2005). Luteolin and other related flavones were already identified in HP cells
(Dias et al. 1998). However, these new compounds were not detected in cells exposed only to the CG (Fig. 2C). CG elicitation induced the
production of many new 1,3,6,7-xanthone derivatives in both cells primed and un-primed with MeJ (Figs. 2C, 2D). A similar occurrence was
observed with cells primed with SA and then elicited with CG-¢licitor.
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Fig. 2 HPLC-DAD chromatograms of methanolic extracts from H. perforatum cells, on the 7t day of culture. (A) Control samples, (B) MeJ-treated cultures, (C) cultures
elicited with C. gloeosporioides elicitor and (D) cultures primed with MeJ, prior to C. gloeosporioides elicitation. Compounds: 1,3,6,7-xanthone derivatives ( ® ); flavonols-

quercetin derivatives (O) and flavones- luteolin and apigenin derivatives (® ).

The amounts of various phenolic compounds were also changed due to priming
and elicitation treatments (Fig. 3). HP cells elicited with CG showed seven times
higher xanthone accumulation than the control. This xanthone accumulation increased
further when the cells were primed with SA or, specially, with MeJ (12-fold increase),
before CG elicitation. Addition of MeJ alone to HP cultures did not show any effect on
xanthone accumulation. However, SA induced a small but significant increase in
xanthone accumulation. On the other hand, flavonoid accumulation almost ceased
after CG elicitation in both primed and un-primed cells.

Xanthone accumulation changed differentially throughout the growth of HP cells
after priming and elicitation. In the cell suspensions elicited with MeJ, xanthone
accumulation remained similar to control throughout the experimental period (Fig. 4).
However, cells elicited with SA showed a significant increase in xanthone production
with culture period (P<0.05). Xanthone level of HP cells primed with MeJ reached the
maximum in 24 h after the addition of CG elicitor (Fig. 4) and that level persisted
continuously for two days. Cell suspensions treated with fungal elicitor with or without
SA priming attained the highest xanthone accumulation only after 72 h of elicitor
addition and thereafter, the amount started to decline gradually. Cells elicited with the
CG-elicitor reached the typical amounts that were found in the control on day 12.
However, cells primed with MeJ or SA prior to the addition of CG-¢licitor have retained
a significant higher xanthone level than other treatments even after 12 days (Fig. 4).

Flavonols accumulation significantly decreased after the addition of MeJ and SAin
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Fig. 3 Total phenols produced at the 7t day of culture, 24h
after fungal elicitor addition to the cell cultures of H.
perforatum. Cultures were treated with MeJ (100 uM), SA
(25uM), or CG elicitor (F). The bars indicated as MeJ+F and
SA+F correspond to cells primed with MeJ (100 uM) and SA
(25uM), respectively, before the addition of the fungal elicitor.
Results are means (+SD) of six independent replicates from
two independent experiences. All the values are statistically
different (P<0.05) except those indicated with the same
letter.

Total phenols (mg/g dry wt)

Control  MeJ SA F

HP cells on day 3 and thereafter (Fig. 4). Addition of CG elicitor resulted in the rapid disappearance of flavonols within three days in both primed
and un-primed cells. It is interesting to mention that this disappearance coincided with the onset of xanthone production (Fig. 4).

The new flavones which were induced by MeJ (Fig. 2B) accumulated during the first 48 h and subsequently declined in HP cells (Fig. 4).
Addition of the CG elicitor to those cells primed with MeJ resulted in a rapid fall of flavone level until they could no longer be detected after 72 h.

The several fold increase in xanthone accumulation could be the reason why flavonoids (flavonols + flavones) became undetectable after
elicitation with CG (Figs. 2C, 2D, 4). It is known that xanthones and flavonoids are biosynthetically related compounds, sharing a pool of
precursors (Shroeder 1997, Dias 2003, Liu et al. 2003). As a response to CG, those precursors might have been shifted for xanthone
biosynthesis in detriment to the flavonoid pathway resulting in a too low flavonol and/or flavone production to be detected by HPLC.

Beerhues and Berger (1995) already observed an increase in the accumulation of new xanthones in the cultures of Centaurium sp. upon
elicitation with yeast. Xanthones are known for their pharmacological activities (Hostettmann and Hostettmann 1989) such as antibacterial and
anti-fungal (Braz-Filho 1999). In addition, xanthones produced by Hypericum androsaemum cell cultures have shown to inhibit the growth of
Candida utillis and Saccharomyces cerevisae (Dias 2003). Moreover, many xanthones accumulated after elicitation have a non-polar nature,
which renders higher antimicrobial activity to the compounds. Therefore, the increase in xanthone accumulation observed in HP cells can be
described as a defence response triggered by some of the components present in the fungal elicitor. Fungal components such as proteins,
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Fig. 4 Accumulation of phenolic compounds by cell suspension cultures of H.
perforatum, during culture growth period, treated with MeJ (100 uM), SA (25
uM), or CG elicitor (F). The samples indicated, as MeJ + F and SA + F were
cells primed with MeJ (100 uM) and SA (25 pM), respectively, before the
addition of the fungal elicitor. Results are means (+SD) of six independent
replicates from two independent experiences. The straight arrow indicates the
addition of SA or MeJ, and the dotted arrow indicates addition of fungal elicitor.

glycoproteins or oligosaccharides can trigger the defence
mechanisms in plants (Dmitriev 2003).

Even though plant defence can be triggered by local
recognition of pathogens, more effective responses include
signalling pathways such as the Acquired Systemic Response
depend on SA signalling (Dempsey et al. 1999) and the Induced
Systemic Resistance, depend on jasmonic acid (JA) signalling
(Feys and Parker 2000). SA, JA and its derivatives like MeJ have
been used as inducers of plants defence and were found to
stimulate their secondary metabolism (Thomma et al. 2000,
Hahlbrock et al. 2003).

Xanthone accumulation in HP cells is a direct response to CG
elicitation. In the present case, both SA and MeJ were able to
induce xanthone accumulation. SA and jasmonate (or MeJ) seem
to act by independent and occasionally antagonistic pathways,
giving different plant responses (Felton and Korth 2000). In HP
cells, SA was able to increment the production of xanthones by
itself, whereas MeJ alone did not interfere significantly with
xanthone biosynthesis but resulted in a selective accumulation of
flavones. The function of those new flavones on HP-CG
interactions is not clear and remains to be elucidated.

Vivanco et al. (2002) observed an increase in hypericin
production of HP cultures, when treated with JA and not with SA or
a pathogen extract. On the contrary, the elicitation of HP plantlets
with SA, MeJ and CG resulted in a differential accumulation of
hyperforin and hypericin depending on the treatments (Gibson and
Sirvent 2002). In our case, we did not observe the accumulation of
either hypericin or hyperforin in HP cultures after elicitation with CG
in agreement with our previous report (Dias 2003). This could be
due to the fact that compounds like hypericins are accumulated in
specialized tissues (glands) and not in cells of an undifferentiated
state.

4. CONCLUSION

The ROS and xanthone production in HP cells due to CG elicitation
are differentially mediated by SA and MeJ (Fig. 5). The double
ROS burst due to CG elicitation after priming with MeJ is typical of
a hypersensitive response, characteristic of an incompatible plant-
pathogen interaction. It seems that MeJ acts as the signalling
molecule and is an important component in HP plant defence. The
accumulation of xanthones in HP cultures after CG elicitation
strongly indicates that these compounds could act as phytoalexins.
Since ROS and secondary metabolites (phenolics) can be
effectively studied in cell suspension cultures of HP, they could
serve as a suitable model to study HP-CG interactions.

ACKNOWLEDGEMENTS

486

Xanthones (mg/g dry wt)

“H. perforatum cell cultures™ a tool to study plant defence mechanisms

—4A— control
—— MedJ

—&— SA

—¥— Fungi

—6— MeJ+ungi
—8— SAHungi

0.26-

0.20

0.16

0.05+

Flavonols (mg/g dry wt)

0.00

N
0.10+

0.10

0.08-{

0.06-

0.04-

0.02-

Flavones (mg/g dry wt)

<

0.00

MelJ

HR
Xanthones °

-2

7 8 9 0 11 12 13

Xanthones

Fig. 5 Hypothetical model of HP-CG interactions mediated by SA and MeJ; HR-
hypersensitive response.

This work was supported by a FCT grant (POCTI/AGR/40283/2001). Luis Conceicdo and Gregory Franklin were supported by FCT grants SFRH/BD/13318/2003 and

SFRH/BPD/17102/2004, respectively.

Floriculture, Ornamental and Plant Biotechnology Volume |1l ©2006 Global Science Books, UK



Conceigao et al. 487 “H. perforatum cell cultures’- a tool to study plant defence mechanisms

REFERENCES

Agostinis P, Vantieghem A, Merlevede W, de Witte PAM (2002) Hypericin in cancer treatment: more light on the way. The International Journal of Biochemistry and Cell Biology 34,
221-241

Barceld AR (1997) Lignification in plant cell walls. International Review of Cytology 176, 87-132

Beerhues L, Berger U (1995) Differential accumulation of xanthones in methyl-jasmonate- and yeast-extract-treated cell cultures of Centaurium erythraea and Centaurium littorale.
Planta 197, 608-612

Blank M, Lavie G, Mandel M, Hazan S, Orenstein A, Meruelo D, Keisari Y (2004) Antimetastatic activity of the photodynamic agent hypericin in the dark. International Journal of
Cancer 111, 596-603

Braz-Filho R (1999) Brazilian phytochemical diversity: bioorganic compounds produced by secondary metabolism as a source of new scientific development, varied industrial
applications and to enhance human health and the quality of life. Pure and Applied Chemistry 71, 1663-1672

Butterweck V (2003) Mechanism of action of St John’s wort in depression. What is known? CNS Drugs 17, 539-562

Conceigao LF, Ferreres F, Tavares R, Dias ACP (2004) “Changes in phenolic production of Hypericum perforatum cells induced by Colletotrichum gloeosporioides elicitation”. Proc.
4th Congresso da Sociedade Portuguesa de Fitopatologia, Faro, Portugal

Conceigao LF, Ribeiro CL, Dias ACP (2003) Changes in Hypericum perforatum cells metabolism induced by Colletotrichum gloeosporioides. 515t Ann Congr Soc Medic Plant Res,
Keil, Germany

Conceigdo LF, Tavares R, Ferreres F, Dias ACP (2006) Induction of phenolic compounds in Hypericum perforatum L. cells by Colletotrichum gloeosporioides elicitation.
Phytochemistry 67, 149-155

Conrath U, Pieterse CMJ, Mauch-Mani B (2002) Priming in plant-pathogen interactions. Trends in Plant Science 7, 210-216

De Gara L, de Pinto MC, Tommasi F (2003) The antioxidant systems vis-a-vis reactive oxygen species during plant-pathogen interaction. Plant Physiology and Biochemistry 41, 863-
870

Dempsey AD, Shah J, Klessig F (1999) Salicylic acid and disease resistance in plants. Critical Reviews in Plant Sciences 18, 547-575

Di Carlo G, Borrelli F, Ernst E, 1zzo AA (2001) St John’s wort: Prozac from the plant kingdom. Trends in Pharmaceutical Sciences 22, 292-297

Dias ACP (2003) The potential of in vitro cultures of Hypericum perforatum and of Hypericum androsaemum to produce interesting pharmaceutical compounds. In: Ernest E (ed),
Hypericum, Taylor and Francis, London, pp 137-154

Dias ACP, Seabra RM, Andrade PB, Ferreira MF (1999) The development and evaluation of a HPLC-DAD method for the analysis of the phenolic fractions from in vivo and in vitro
biomass of Hypericum species. Journal of Liquid Chromatography 22, 215-227

Dias ACP, Seabra RM, Andrade PB, Ferreres F, Ferreira M (2000) Xanthone biosynthesis and accumulation in calli and suspended cells of Hypericum androsaemum. Plant Science
150, 93-101

Dias ACP, Seabra RM, Andrade PB, Ferreres F, Ferreira MF (2001) Xanthone production in calli and suspended cells of Hypericum perforatum. Journal of Plant Physiology 158,
821-827

Dias ACP, Seabra RM, Andrade PB, Tomas-Barberan FA, Ferreira MF, Ferreres F (1998) Unusual flavonoids produced by Hypericum perforatum calli. Phytochemistry 48, 1165-
1168

Dixon RA (2001) Natural products and plant disease resistance. Nature 411, 843-847

Dixon RA, Paiva NL (1995) Stress-induced phenylpropanoid metabolism. Plant Cell 7, 1085-1097

Dmitriev AP (2003) Signal molecules for plant defense responses to biotic stress. Russian Journal of Plant Physiology 50, 417-425

Erdelmeyer CAJ, Kock E, Hoerr R (2000) Hypericum perforatum — St. Jonh’s wort chemical, pharmacological and clinical aspects. Studies in Natural Products Chemistry 22, 643-716

Felton GW, Korth KL (2000) Trade-offs between pathogen and herbivore resistance. Current Opinion in Plant Biology 3, 309-314

Feys BJ, Parker JE (2000) Interplay of signalling pathways in plant disease resistance. Trends in Genetics 16, 449-455

Gaudin M, Simonnet X, Debrunner F (2003) Colletotrichum gloeosporioides as the cause of St John's wort (Hypericum perforatum) dieback in Switzerland and breeding for a tolerant
variety. In: Erest E (ed), Hypericum, Taylor and Francis, London, pp 23-42

Gibson D, Sirvent T (2002) Induction of hypericins and hyperforin in Hypericum perforatum L. in response to biotic and chemical elicitors. Physiological and Molecular Plant Pathology
60, 311-320

Hagemeier J, Batz O, Schmidt J, Wray V, Hahlbrock K, Strack D (1999) Accumulation of phtalides in elicitor-treated cell suspension cultures of Petroselinum crispum.
Phytochemistry 51, 629-635

Hahlbrock K, Bednarek P, Ciolkowski |, Hamberger B, Heise A, Liedgens H, Logemann E, Nurnberger T, Somssich IE, Tan J (2003) Non-self recognition, transcriptional
reprogramming, and secondary metabolite accumulation during plant/pathogen interactions. Proceedings of the National Academy of Sciences USA 25, 14569-14576

Hostettmann K, Hosttetmann M (1989) Xanthones. In: Harborne JB (ed) Methods in Plant Biochemistry (vol 1) Plant Phenolics, Academic Press, NY, pp 493-508

Lamb C, Dixon RA (1997) The oxidative burst in plant disease resistance. Annual Reviews in Plant Physiology and Molecular Biology 48, 251-275

Liu B, Falkenstein-Paul H, Schmidt W, Beerhues L (2003) Benzophenone synthase and chalcone synthase from Hypericum androsaemum cell cultures: cDNA cloning, functional
expression, and site-directed mutagenesis of two polyketide synthases. The Plant Journal 34, 847-855

Mackerness SA-H, John CF, Jordan B, Thomas B (2001) Early signalling components in ultraviolet-B responses: distinct role for different reactive oxygen species and nitric oxide.
FEBS Letters 489, 237-242

Miskovsky P (2002) Hypericin—a new antiviral and antitumor photosensitizer: mechanism of action and interaction with biological macromolecules. Current Drug Targets 3, 55-84

Ribeiro CL, Dias ACP (2004) Differential AOS production of Hypericum perforatum cells under elicitation with Colletotrichum gloeosporioides. Acta Physiologiae Plantarum 26, 128

Scandalios JG (2002) The rise of ROS. Trends in Biochemical Sciences 27, 483-86

Schempp CM, Kirkin V, Simon-Haarhaus B, Kersten A, Kiss J, Termeer1 CC, Gilb B, Kaufmann T, Borner C, Sleeman JP, Simon JC (2002) Inhibition of tumour cell growth by
hyperforin, a novel anticancer drug from St. John's wort that acts by induction of apoptosis. Oncogene 21, 1242-1250

Schroder J (1997) A family of plant-specific polyketide synthase: facts and predictions. Trends in Plant Sciences 2, 373-378

Silva BA, Dias ACP, Ferreres F, Malva JO, Oliveira R (2004) Neuroprotective effect of H. perforatum extracts on B-amyloid-induced neurotoxicity. Neurotoxicity Research 6, 119-130

Silva BA, Ferreres F, Malva JO, Dias ACP (2005) Phytochemical and antioxidant characterization of Hypericum perforatum alcoholic extracts. Food Chemistry 90, 157-167

Szegedi R, Kohnen R, Dienel A, Kieser M (2005) Acute treatment of moderate to severe depression with Hypericum extract WS 5570 (St John’s wort): randomised controlled double
blind non-inferiority trial versus paroxetine. British Medical Journal 330, 503-506

Tan J, Schneider B, Svatos A, Bednarek P, Liu J, Hahlbrock K (2004) Universally occurring phenylpropanoid and species-specific indolic metabolites in infected and uninfected
Arabidopsis thaliana roots and leaves. Phytochemistry 65, 691-699

Tenhaken R, Levine A, Brisson LF, Dixon RA, Lamb C (1995) Function of the oxidative burst in hypersensitive disease resistance. Proceedings of the National Academy of Sciences
USA 92, 4158-4163

Thomma B, Eggermont K, Brockaert W, Cammue B (2000) Disease development of several fungi on Arabidopsis can be reduced by treatment with methyl jasmonate. Plant
Physiology and Biochemistry 38, 421-427

Torres MA, Dangl JL, Jones JDG (2002) Arabidopsis gp91°hox homologues AtrbohD and AtrbohF are required for accumulation of reactive oxygen intermediates in the plant defense
response. Proceedings of the National Academy of Sciences USA 99, 517-522

Trautmann-Sponsela RD, Dienel A (2004) Safety of Hypericum extract in mildly to moderately depressed outpatients. A review based on data from three randomized, placebo-
controlled trials. Journal of Affective Disorders 82, 303-307

Vergeer LHT, van der Velde G (1997) The phenolic content of daylight exposed and shaded floating leaves of water lilies (Nymphaeaceae) in relation to infection by fungi. Oecologia
112, 481-484

Vivanco JM, Walker TS, Bais HP (2002) Jasmonic acid-induced hypericin production in cell suspension cultures of Hypericum perforatum L. (St. John’s wort). Phytochemistry 60,
289-293

Wattad C, Dinoor A, Prusky D (1994) Purification of pectate lyase produced by Colletotrichum gloeosporioides and its inhibition by epicatechin: A possible factor involved in the
resistance of unripe avocado fruits to anthracnose. Molecular Plant-Microbe Interactions 7, 293-297

Wills RBH, Bone K, Morgan M (2000) Herbal products: Active constituents, modes of action and quality control. Nutritional Research Reviews 13, 47-77

Wojtaszek P (1997) Oxidative burst: an early plant response to pathogen infection. Biochemical Journal 322, 681-692

Floriculture, Ornamental and Plant Biotechnology Volume |1l ©2006 Global Science Books, UK




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


