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Preparation for induction of increased production of bioactive compounds In

plants and its use

Technical Field

The invention relates to new preparations which induce the increase of the
content of bioactive compounds in whole intact plants grown on soll, synthetic
substrate or in hydropony, and methods of their application in the form of foliar
sprays. Ecologically harmless non-toxic elicitors, namely plant stress
hormones, their derivatives and titanium compounds are used as the active

ingredients of said preparation.

Background Art

Drugs of plant origin have been used for both palliative and curative
treatments of various diseases for a long time (Benzi G., Ceci A. (1997)
Pharm. Res. 35(5), 355-362). Although many pharmacologically active
compounds originally contained in plants are now manufactured synthetically
(e.g. caffeine), isolation from plant material is still the economically most
favourable way of production of humerous substances, especially those with
complex chemical structure (e.g. digitoxin, ergotamine, strychnine etc.).
Distinct part of the production of medicinal plants thus now serves for the
isolation of active substances (e.g. seeds of Sylibium marianum for the
isolation of a complex of flavonoids). Numerous substances isolated from
plant material are used for the semi-synthetic production of medicaments, e.g.
alkaloid ergotamine, from which dihydroergotamine is produced (Cesky
lékopis 1997, GRADA, Praha 1997).

Pharmacologically interesting bioactive compounds of plant origin, with only
few exceptions such as polysaccharides, are products of secondary
metabolism that are believed to play a key role in piant defense against stress
situations such as bacterial or fungal infections or consuming by herbivores.

The products of secondary metabolism, which is usually highly species-
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specific, are often complex mixtures of structurally related derivatives (Sudha
G., Ravishankar G.A. (2002) Plant Cell, Tissue Organ Cult. 71(3), 181-212).

Recently, considerable effort was devoted to the production of plant
secondary metabolites in plant cells grown in in vitro cell cultures (Kim Y.,
Wyslouzil B.E., Weathers P.J. (2002) /In Vitro Cell. Develop. Biol.-Plant 38(1),
1-10; Wysokinska H., Chmiel A. (1997) Acta Biotechnol. 17(2), 131-159). The
reason for which the in vitro arrangement is used are several advantages,
provided by these techniques — especially it is possible to use the cells from
plants which are rare, protected, or difficult to cuitivate or their cultivation takes
a long time. The total time spent from starting in vifro cell cultures to
harvesting is much shorter than the time necessary for the conventional
agrotechnical production. On the other hand, the main obstacles of the use of
the cell cultures in biotechnology are high initial investment (special large-
scale bioreactors are required) and operational costs (special additives to cell
cultures, demands on sterility of the environment). The growth of plant cells Is
also generally slower and more difficult to reproduce than the growth of e.qg.
bacteria or fungi, and the products often have to be isolated discontinually
after lysis of the cells. Thus, despite extensive research in this field, the use of
plant cell cultures for the production of plant secondary metabolites in

industrial scale is limited to few special cases (Dicosmo F., Misawa M. (1999)
Biotechnol. Advances 13(3), 425-453).

To boost the production of secondary metabolites, a process called elicitation
is often used in plant in vitro cultures. The elicitation is performed by addition
of a stressing agent, elicitor, to the growth medium, this leads to manifold

increase of the biosynthesis of secondary metabolites, that would normally
serve for defense of the plant itself (Bulgakov V.P. et al. (2002) J. Biofechnol.

07(3), 213-221). Among known elicitors are various organic substances,
heavy metal salts and fluorides. However, aithough this approach is often
used for the plant cell cultures, it has not been applied to whole intact plants
grown in soil, on synthetic substrates or in hydropony to date, even though
nowadays a distinct part of the field production of medicinal plants is used for

the isolation of active substances or their precursors, from which medicaments
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are manufactured via synthetic modifications. There is no doubt that such
eliciting preparations are largely exploitable in the agricultural and
pharmaceutical practice, because for many substances the isolation from

plant material is economically the most favourable way of production.

Our aim was to develop novel type of preparations inducing the increased
production of bioactive substances after application to whole intact plants by
foliar spraying. The composition and the method of application of the
preparations are the object of the proposed invention. The keynote idea is the
use of ecologically harmless non-toxic elicitors (plant stress hormones, their
derivatives and titanium compounds) for the induction of moderate stress In
the plants, to which the plants after the spraying application respond by the
induction of biosynthesis of defensive secondary metabolites, among which

most of the pharmacologically important compounds belong.

A novel method of the induction of the increased production of bioactive plant
secondary metabolites in whole intact plants grown in soil, In synthetic
substrate or in hydropony using foliar spraying with the preparation inducing
moderate stress in the plants, the preparation containing ecologically
harmless non-toxic elicitors, namely plant stress hormones, their derivatives

and titanium compounds, is proposed hereinatfter.
Disclosure of Invention

Object of this invention is a preparation for application by foliar spraying on
whole intact plants grown in soil, in synthetic substrate or in hydropony,
inducing the increased production of bioactive compounds in the plants,
containing as active ingredient one compound or any combination of

compounds selected from the group consisting of:

(a) compounds of g'eneral formula (1)
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wherein R! is hydrogen, alkali metal cation, ammonium, alkyl chain having 1 —

()

18 carbon atoms, alkyl chain having 1 — 18 carbon atoms w-substituted with
hydroxy, amino or sulfonic acid group, cycloalkyl having 3 - 8 carbon atoms,
isoalkyl having 1 — 18 carbon atoms, phenyl, phenyl substituted in positions 2,
3, 4, 5 and 6 with hydrogen, alkoxy group having 1 — 5 carbon atoms, alky!

having 1 — 5 carbon atoms in chain, halogen or hydroxy group;

R? is hydrogen, acyl having 1 — 18 carbon atoms, alkyl chain having 1 — 18
carbon atoms, alkyl chain having 1 - 18 carbon atoms w-substituted with

hydroxy, amino or sulfonic acid group, cycloalkyl having 3 - 8 carbon atoms,

isoalkyl having 1 — 18 carbon atoms;
in concentration range 10~ to 10™ mol.dm™,

(b) titanium compounds
formed by the reaction of titanium(lV) chloride with ascorbic acid, citric acid,
malic acid, tartaric acid, succinic acid, oxalic acid, salicylic acid,

ethylenediaminetetraacetic acid or amino acids;

titanium(lV) chloride, titanium(lil) chloride, titanyl sulfate, TIO(NH4)2(SO4)2,
hexafluorotitanates of general formula (11)

Mo TiFs (1)
wherein M is alkali metal cation, ammonium cation or tetraalkylammonium

cation having 1 — 4 carbon atoms in each alkyl chain;

titanium (1V) alkoxides of general formula (ll1)

Ti(OR®)4 (111
wherein R® is alkyl chain having 1 - 18 carbon atoms, alkyl chain having 1 — 18
carbon atoms o-substituted with hydroxy, amino or sulfonic acid group,

cycloalkyl having 3 - 8 carbon atoms, isoalkyl having 1 — 18 carbon atoms,
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in concentration range 107° - 10~ mol.dm™,

(c) jasmonic acid derivatives of general formula (IV)

O

age N

wherein R* is hydrogen, alkyl chain having 1 — 4 carbon atoms, alkali metal

cation, ammonium cation, alkylammonium cation, dialkylammonium cation,
10 trialkylammonium cation or tetraalkylammonium cation respectively, wherein

the alkyl chain has 1 - 5 carbon atoms,
in concentration range 10~° - 10~ mol.dm™;
15 and suitable additives, preservatives and solvents.

A further object of the invention is a preparation containing as active

ingredient solely compounds of the general formula (I)

@icoorzz1
20 OR* (1)

wherein R' is hydrogen, alkali metal cation, ammonium, alkyl chain having 1 -
18 carbon atoms, alkyl chain having 1 — 18 carbon atoms ®-substituted with

hydroxy, amino or sulfonic acid group, cycloalkyl having 3 - 8 carbon atoms,
25  isoalkyl having 1 — 18 carbon atoms, phenyl, phenyl substituted in positions 2,
3. 4. 5 and 6 with hydrogen, alkoxy group having 1 — 5 carbon atoms, alkyl

having 1 — 5 carbon atoms in chain, halogen or hydroxy group;

R? is hydrogen, acyl having 1 — 18 carbon atoms, alkyl chain having 1 — 18

30 carbon atoms, alkyl chain having 1 - 18 carbon atoms w-substituted with
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hydroxy, amino or sulfonic acid group, cycloalkyl having 3 - 8 carbon atoms,

isoalkyl having 1 — 18 carbon atoms;
in concentration range 10~ to 1072 mol.dm™,
and suitable additives, preservatives and solvents.

Object of the invention is also a preparation containing as active ingredient
solely compounds selected from the group consisting of:

compounds formed by the reaction of titanium(IV) chloride with ascorbic acid,
citric acid, malic acid, tartaric acid, succinic acid, oxalic acid, salicylic acid,

ethylenediaminetetraacetic acid or amino acids;

titanium(lV) chloride, titanium(lil) chloride, titanyl sulfate, TIO(NH4)2(S0y4)2,
hexafluorotitanates of general formula (i1)

MoTiFg (11)
wherein M is alkali metal cation, ammonium cation or tetraalkylammonium

cation having 1 — 4 carbon atoms in each alkyl chain;,

titanium (V) alkoxides of general formula (l11)

Ti(OR®)4 (111
wherein R® is alkyl chain having 1 - 18 carbon atoms, alkyl chain having 1 — 18
carbon atoms o-substituted with hydroxy, amino or sulfonic acid group,

cycloalky!l having 3 - 8 carbon atoms, isoalkyl having 1 — 18 carbon atoms,
in concentration range 107° - 10~ mol.dm™,
and suitable additives, preservatives and solvents.

Object of the invention is further a preparation containing as active ingredient

solely jasmonic acid derivatives of the general formuia (IV)
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wherein R* is hydrogen, alkyl chain having 1 — 4 carbon atoms, alkali metal
cation, ammonium cation, alkylammonium cation, dialkylammonium cation,
5  trialkylammonium cation or tetraalkylammonium cation respectively, wherein

the alkyl chain has 1 - 5 carbon atoms,
in concentration range 10~ - 10~ mol.dm™;
10 and suitable additives, preservatives and solvents.

In the preferred embodiment, the preparation further contains a nitrogen
fertilizer selected from the group consisting of urea, ammonium suifate,
ammonium nitrate, ammonium hydrogenphosphate, ammonium
15 dihydrogenphosphate, potassium nitrate, calcium nitrate and sodium nitrate,

or their mixture.

Another aspect of the invention is a method of induction of increasing the
content of bioactive substances in plants grown in soil, in hydropony or Iin
20  synthetic substrate, wherein the preparation of the invention is applied to
leaves of the whole intact plants in the form of solution, emulsion or

suspension by foliar spraying.

The choice of the substituents R' and R? of the salicylic acid derivatives and
25  the substituent R* of the jasmonic acid derivatives enables precise tuning of
the molecule hydrophility / lipophility, so that the foliar spraying application of
the preparation of the invention to whole intact plants can be exploited in

agriculture.

30 The active component of the compounds containing titanium is the titanium in
the oxidation state 1V (with the exception of titanium (ill) chloride in which it is

the titanium in the oxidation state lll), which may be present as a complex or
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as a salt. The stimulation effects of titanium compounds on plant metabolism
are already known (Hruby M., Cigler P., Kuzel S. (2002) J. Plant Nutr. 25(3),
577-598: Kuzel S., Hruby M., Cigler P., Tlustos P., Phu N.V. (2003) Biol.
Trace Elem. Res. 91(2), 179-190), but in accordance with this invention the
titanium compounds are used for different purpose, i.e. as general stressing
agent, inducing the increase of the content of bioactive substances. The list of
active ingredients containing titanium includes a range of ligands that form
complexes or salts with titanium, suitable for exploitation in agriculture for the

foliar application to the whole intact plants.

The preparation may optionally contain suitable additives, preservatives and

solvents.

The preparation of the invention for the application to whole intact plants by
foliar spraying is manufactured by dissolution of the active ingredients in
suitable solvent, subsequent dilution and optional addition of additives. Water,
ethanol, methanol or non-toxic water-miscible solvents can be used as
suitable solvents. Water is used to dilute the concentrated stock solution of the
active ingredient. Additives may be added in any stage of the manufacture of
the preparation. Their objective is to improve the physical and physico-
chemical properties of the foliar spray, to improve the penetration of active
ingredients through cuticle and to increase the biological effect of the active
ingredients. Additives are commonly used in most foliar sprays for use in
agriculture and their composition is taught e.g. in the U.S. patents (Dufau G.,
Lauilhe J.-P. US 6,291,401; Coleman R. US 6,218,336). In particular, non-
ionogenic surface-active substances that improve the solubility of lipophilic
compounds, decrease surface tension of the solution, improve its dispersion In
the spray and improve wettability of the plant leaves, are used as additives.
Plant or mineral oils, which are compatible with the cuticle and thus improve
the penetration of lipophilic substances, may also be used as additives.
Nitrogen-based fertilizers may also be used as additives because they show

synergic effects with some elicitors.
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Preparation and properties of the novel preparations of the invention, method
of their application and their effects on induction of increasing the production
of bioactive substances are further illustrated by the following examples, which

should not be construed as further limiting.

Figures

The chart on Fig. 1 shows the increase of the caftaric and chicoric acid
contents in the extract from tops (shoots) of Echinacea purpurea L. (Moench.)
after the application of the preparation of Example 1.

The chart on Fig. 2 shows the increase of the caftaric, chicoric and
chlorogenic acid contents in the extract from roots of Echinacea purpurea L.
(Moench.) after the application of the preparation of Example 1.

The chart on Fig. 3 shows the increase of the caftaric and chicoric acid
contents in the extract from tops of Echinacea purpurea L. (Moench.) after the
application of the preparation of Example 2.

The chart on Fig. 4 shows the increase of the caftaric, chicoric and
chlorogenic acid contents in the extract from roots of Echinacea purpurea L.
(Moench.) after the application of the preparation of Example 2.

The chart on Fig. 5 shows the increase of the caftaric and chicoric acid
contents in the extract from tops of Echinacea purpurea L. (Moench.) after the
application of the preparation of Example 3.

The chart on Fig. 6 shows the increase of the caftaric, chicoric and
chlorogenic acid contents in the extract from roots of Echinacea purpurea L.
(Moench.) after the application of the preparation of Example 3.

The chart on Fig. 7 shows the increase of the caftaric and chicoric acid
contents in the extract from tops of Echinacea purpurea L. (Moench.) after the
application of the preparation of Exampie 4.

The chart on Fig. 8 shows the increase of the caftaric, chicoric and
chlorogenic acid contents in the extract from roots of Echinacea purpurea L.
(Moench.) after the application of the preparation of Example 4.

The chart on Fig. 9 shows the increase of the caftaric and chicoric acid
contents in the extract from tops of Echinacea purpurea L. (Moench.) after the

application of the preparation of Example 5.
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The chart on Fig. 10 shows the increase of the caftaric, chicoric and
chlorogenic acid contents in the extract from roots of Echinacea purpurea L.
(Moench.) after the application of the preparation of Example 9.

The chart on Fig. 11 shows the induction of contents of caftaric and chicoric
acid in the extract from tops of Echinacea purpurea L. (Moench.) after the
application of the combined preparation of Example 6 which Is denoted
SA + AT. The results for the components of the combined preparation (SA
according to Example 1 and AT according to Example 4) are shown as well for
comparison.

The chart on Fig. 12 shows the increase of the contents of caftaric, chicoric
and chlorogenic acids in the extract from roots of Echinacea purpurea L.
(Moench.) after the application of the combined preparation of Example ©
which is denoted SA + AT. The results for the components of the combined
preparation (SA according to Example 1 and AT according to Example 4) are

shown as well for comparison.

Examples of carrying out the Invention

Example 1

The preparation was obtained by the addition of the salicylic acid solution In
ethanol (concentration 0,1 mol.dm"’3) to water to achieve the final
concentration of salicylic acid in solution 10, 100 and 1000 pmol.dm™,

respectively.

Example 2
The preparation was obtained by the addition of the salicylic acid methyl ester
solution in ethanol (concentration 0,1 mol.dm™) to water to achieve the final

concentration of salicylic acid methyl ester in solution 10, 100 ana

1000 umol.dm™, respectively.

Example 3
The preparation was obtained by the addition of the acetylsalicylic acid

solution in ethanol (concentration 0,1 mol.dm™) to water to achieve the final
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concentration of acetylsalicylic acid in solution 10, 100 and 1000 pmol.dm™

respectively.

Example 4

Titanium(lV) chloride was slowly added to the 10 % aqueous ascorbic acid
under continuous cooling and vigorous stirring. The resulting solution was
diluted with water to the titanium concentration of 1000 mg.kg™'. The

preparation to be applied by spraying was prepared by dilution of this stock
solution with water to titanium concentrations of 10, 25 and 50 mg.kg™

respectively.

Example 5

The preparation was obtained by the addition of the methyl jasfnonate solution

in ethanol (concentration 0,1 mol.dm™) to water to achieve the final

concentration of methyl jasmonate in solution 10 umol.dm™.

Example 6

The preparation was obtained by combining the preparations of Examples 1
and 4 containing 20 umol.dm™ salicylic acid and 20 mg.kg™ titanium,
respectively, in 1:1 volume ratio. The resulting concentrations in the combined

preparation was 10 umol.dm™ salicylic acid and 10 mg.kg™" titanium.

Application of the preparations

The novel preparations of the invention can be used to increase the contents
of bioactive components in plants. The performed experiments clearly
document their intensive stimulation effect on the formation of plant bioactive
substances. Echinacea purpurea L. (Moench.) was chosen as a model plant.
Extracts from this plant possess strong immunostimulating and antibacterial
activity, the phenolic components were proved to have the abitility of free
radical quenching, HIV integrase inhibition and anti-HIV replication activity
(D.M. et al. (1997) Immunopharmacology 35(3), 229-235). Phenolic
substances, mainly chicoric, caftaric and chlorogenic acids, are considered to

be the main active components
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Pilot plant experiments A — F were performed with the preparations of the
Examples 1 — 6. The increase of the contents of bioactive components in
Echinacea purpurea L. (Moench.) after the application of the preparations was
monitored. The experiments were carried out on the field in cadastral territory
Dolni Péna, village Dolni Péna, district Jindfichuv Hradec, the owner of the
field is Ing. Nouza. The field is situated 473 meters above the sea level. The
experiments were started in the year 2001 with the plant Echinacea purpurea
L. (Moench.) on ca. 2200 m?, row wideness 70 cm, distance between the

plants in the row being 20 cm. The plantation was two years old.

Soil characteristics on the field:

pHkcl 5,6 Cx= 2,7% N (%) = 0,14

P mg/kg = 219 CuL= 13,65 mg/g N-NH4 = 1,1 mg/kg

K mg/kg = 210 Cuk=5,06 mg/g N-NOs3= 3,1 mg/kg

Mg mg/kg = 75 Cek = 8,99 mMg/g  Nmineralizable = 7,2 Mg/Kg
Camg/kg = 1019 Cukrk= 0,59 Ninorganic = 3,7 mg/kg

Concentrations of the active ingredients 10, 100 a 1000 ;,n,mol.dm‘3 In the

preparations of Examples 1 to 3 were used, concentrations of the active

-1

ingredient 10, 25 a 50 mg.kg~ Ti in the preparation of Example 4,

concentration of the active ingredients corresponding to 10 umol.dm™ methyl

jasmonate in the preparation of Example 5 and concentration of the active

ingredients corresponding to 10 umol.dm™ salicylic acid and 10 mg.kg™ Ti in

the preparation of Example 6.

The application of the preparations of Examples 1 - 6 was done on 10 m* plots
of land using a knapsack sprayer. The first foliar application of the elicitors
was performed on June 3" 2001 (the plantation was just before flowering),
the second application on June 25™, 2001, the third application on July 15",
2001, and the fourth application on August 15" 2001. The total sprayed

volume was 10 | per 10 m®. All the variants including a non-treated control

were run in 4 replications.
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The plantation was harvested on September 17" 2001, tops and roots were
collected separately. The yield of fresh tops and thoroughly washed roots (the
soil remains were washed off) from the land area 10 m* was estimated. Dry
weights of tops and roots material were estimated as well. Samples were
taken from all variants and replications for the analysis of active substances
via HPLC (4 replications = 4 combined samples of tops material and 4
combined samples of roots material of each variant). The combined samples

of plants (ca 500 g) were dried at 40 °C in an oven and finely ground in a
VIPO knife mortar.

For the analysis of the content of active substances, 5 g of finely ground
material was extracted in the dark for 1 week at room temperature into 50 ml
of 96% ethanol (Tamnda, plc.), subsequently 50 ml of distilled water was
added and the mixture was extracted again for 1 week. The extracts were
filtered through a Filpap 1.7 um glass fiber filter using a Milipore filtration

device, frozen and kept at —20 °C.

The content of active substances was analyzed in these extracts using high-
performance liquid chromatography (HPLC, Hewlett—Packard 1050
Instrument). As the mobile phase the mixture of acetonitrile (Merck), distilled
water and trifluoroacetic acid /TFA/ (Fluka) was used. Mobile phase A: 5%
acetonitrile + 0,15% TFA; mobile phase B: 80% acetonitrile + 0,15% TFA.
Gradient: 0% B- 50% B, 50 min. Flow of the mobile phase was 0,250 ml/min,
UV-VIS detection on a DAD detector (Hewlett—-Packard 1040 A), scanning
range 190-600 nm. The chromatogram was evaluated for A = 330 nm. Data
were analyzed using a HP Chem Station software (Hewlett-Packard). The
standards [caftaric acid (Dalton Chemical Inc. Kanada), caffeic acid (Aldrich)
and chlorogenic acid (Aldrich)] for injection were dissolved in 50% methanol
(Merck). The content of chicoric acid was calculated on caftaric acid. Column

with the stationary phase Phenomenex Luna C 18, 2 x 150 mm, 3 ym particles

with a Phenomenex precolumn and 5 ul sampling loop were used.
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Experiment A: The increase of the content of bioactive components in
Echinacea purpurea L. (Moench.) after the application of the preparation of

Example 1.

The results are summarized In the charts in Fig. 1 and 2. The
preparation of Example 1 strongly Increases the content of caftaric and
chicoric acids in the extract from tops, most effectively at salicylic acid
concentration 10 umol.dm™. The concentration of salicylic acid 1000 pmol.dm’
° is the most effective for the elicitation of caftaric, chicoric a chlorogenic acid
content in the roots, wherein the extreme increase of the content of these

substances, especially of chlorogenic acid, is achieved in the extract from

roots.

Experiment B: The increase of the content of bioactive components in
Echinacea purpurea L. (Moench.) after the application of the preparation of

Example 2.

The results are summarized in the charts in Fig. 3 and 4. The
preparation of Example 2 strongly increases the contents of caftaric and
chicoric acids in the tops, most effectively at salicylic acid methyl ester

concentration 1000 umol.dm™. The concentration of salicylic acid methyl ester

1000 umol.dm™ is the most effective for the elicitation of caftaric and chicoric
acids contents in the roots. The extreme increase of chlorogenic acid content

is achieved at the concentration of salicylic acid methyl ester 10 umol.dm™.

Experiment C: The increase of the content of bioactive components In
Echinacea purpurea L. (Moench.) after the application of the preparation of

Example 3.

The results are summarized in the charts in Fig. 5 and 6. The
formulation of Example 3 strongly increases the caftaric and chicoric acid

contents in the tops similarly for the acetylsalicylic acid concentrations 10 and
100 umol.dm'3, for the elicitation of the contents of caftaric, chicoric and
chlorogenic acids in the roots the most effective is the concentration of
acetylsalicylic acid 1000 umol.dm™, wherein strong increase of the content of

all the monitored substances, and especially of chlorogenic acid is achieved.
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Experiment D: The increase of the contents of bioactive components in
Echinacea purpurea L. (Moench.) after the application of the preparation of
Example 4.

The results are summarized in the charts in Fig. 7 and 8. The
preparation of Example 4 strongly increases the caftaric and chicoric acid
contents in the tops, most effectively at the concentration 50 mg.kg~! of Ti. The
most effective concentration of Ti for the elicitation of caftaric, chicoric and
chlorogenic acids contents in the roots is 10 mg.kg™", which strongly increases
the contents of all the monitored active substances, especially of chlorogenic

acid, in the extract from roots.

Experiment E: The increase of the content of bioactive components in
Echinacea purpurea L. (Moench.) after the application of the preparation of
Example 5.

The results are summarized in the charts in Fig. 9 and 10. The

preparation of Example 5 strongly increases the caftaric and chicoric acid
contents in the tops at methyl jasmonate concentration 10 umol.dm™. It also

increases the contents of all the monitored active substances, especially the

chlorogenic acid content, in the extract from roots.

Experiment F: The increase of the content of bioactive components In
Echinacea purpurea L. (Moench.) after the application of the preparation of
Example 6.

The results are summarized in the charts in Fig. 11 and 12. The
oreparation of Example 6 at the concentration 10 pmol.dm™ salicylic acid and
10 mg.kg™" Ti strongly increases the caftaric and chicoric acid contents in the
tops. The increase of the contents of all the monitored active substances,
especially the chlorogenic acid content, was proved In the extract from roots.
In comparison with the separate active components that were applied in the

same concentrations it is evident that salicylic acid and Ti possess synergic

effect.
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It is apparent from the above described experiments, that any of the new
preparations of the invention can be used for the increase of the content of
active components in plants. All the new preparations possess intensive
stimulating activity on the production of bioactive substances in the model
medicinal plant, Echinacea purpurea L. (Moench.). These activities are
unique, because the preparations differ mutually in the metabolic pathways
they influence (each preparation influences the increase of the contents of
active substances in a different way) and in organ specifity (each preparation
possesses different activity in the stimulation of tops and roots). This effect
can be exploited in a targeted stimulation of selected pharmacologically
interesting compounds. It was also proved that the combined preparation,
containing the mixture of the elicitors, may possess the synergic effect and

increase the overall effectivity of the elicitation of bioactive components.

Industrnal use

The new ecologically harmless non-toxic preparations according to the
proposed invention can be used for the induction of increase of the content of
bioactive components in plants. They are particularly suitable for the targetea

stimulation of selected pharmacologically interesting medicinal plants.
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CLAIMS

1. A preparation for the induction of increased production of bioactive
compounds in plants grown in soil, in synthetic substrate or in hydropony,

characterized in that it contains as active ingredient one compound or any

combination of compounds selected from the group consisting of:

(a) compounds of general formula (1)

EZCOOR1
OR?

wherein R is hydrogen, ammonium, alkali metal cation, alkyl chain having 1 —

()

18 carbon atoms, alkyl chain having 1 — 18 carbon atoms w-substituted with

hydroxy, amino or sulfonic acid group, cycloalkyl having 3 - 8 carbon atoms,
isoalkyl having 1 — 18 carbon atoms, phenyl, phenyl substituted in positions 2,
3. 4, 5 and 6 with hydrogen, alkoxy group having 1 — 5 carbon atoms, alkyl

having 1 — 5 carbon atoms in chain, halogen or hydroxy group;

R? is hydrogen, acyl having 1 — 18 carbon atoms, alkyl chain having 1 — 18
carbon atoms, alkyl chain having 1 - 18 carbon atoms e-substituted with
hydroxy, amino or sulfonic acid group, cycloalkyl having 3 - 8 carbon atoms,

isoalkyl having 1 — 18 carbon atoms;
in concentration range 10~ to 10~ mol.dm™,

(b) titanium compounds
formed by reaction of titanium(lV) chloride with ascorbic acid, citric acid, malic
acid, tartaric acid, succinic acid, oxalic acid, salicylic acid,

ethylenediaminetetraacetic acid or amino acids;

titanium(lV) chloride, titanium(lll) chloride, titanyl sulfate, TiIO(NH4)2(S0O4)2,

hexafluorotitanates of general formula (lI)
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M,TiFg (11)

wherein M is alkali metal cation, ammonium cation or tetraalkylammonium

cation having 1 — 4 carbon atoms in each alkyl chain;

5 titanium (IV) alkoxides of general formula (1)
Ti(OR)4 (H1)
wherein R° is alkyl chain having 1 - 18 carbon atoms, alkyl chain having 1 — 18
carbon atoms w-substituted with hydroxy, amino or sulfonic acid group,

cycloalkyl having 3 - 8 carbon atoms, isoalkyl having 1 — 18 carbon atoms,
10

in concentration range 107 - 10> mol.dm™,

(c) jasmonic acid derivatives of general formula (1V)

O

15 &[\/;;4\ (IV)

wherein R* is hydrogen, alkyl chain having 1 — 4 carbon atoms, alkali metal
cation, ammonium cation, alkylammonium cation, dialkylammonium cation,
trialkylammonium cation or tetraalkylammonium cation respectively, wherein

20 the alkyl chain has 1 - 5 carbon atoms,
in concentration range 10~° - 10~* mol.dm™:

and suitable additives, preservatives and solvents.
25

2. The preparation according to claim 1, characterized In that it contains as

active ingredient solely one or more compounds of general formula (1)

@COOR1
OR?

(1
30
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wherein R is hydrogen, ammonium, alkali metal cation, alkyl chain having 1 —
18 carbon atoms, alkyl chain having 1 — 18 carbon atoms w-substituted with
hydroxy, amino or sulfonic acid group, cycloalkyl having 3 - 8 carbon atoms.
isoalkyl having 1 — 18 carbon atoms, phenyl, phenyl substituted in positions 2,
3, 4, 5 and 6 with hydrogen, alkoxy group having 1 — 5 carbon atoms, alkyl

having 1 — 5 carbon atoms in chain, halogen or hydroxy group;

R is hydrogen, acyl having 1 — 18 carbon atoms, alkyl chain having 1 — 18
carbon atoms, alkyl chain having 1 - 18 carbon atoms -substituted with

hydroxy, amino or sulfonic acid group, cycloalkyl having 3 - 8 carbon atoms,

iIsoalkyl having 1 — 18 carbon atoms:
in concentration range 10~ to 107 mol.dm™,
and suitable additives, preservatives and solvents.

3. The preparation according to claim 1, characterized in that it contains as
active Ingredient solely one or more compounds selected from the group
consisting of:

the compounds formed by the reaction of titanium(lV) chloride with ascorbic
acid, citric acid, malic acid, tartaric acid, succinic acid, oxalic acid, salicylic

acid, ethylenediaminetetraacetic acid or amino acids:

titanium(lV) chloride, titanium(lll) chloride, titanyl sulfate, TiO(NH4)2(SO4)o,
hexafluorotitanates of general formula (II)

M, TiFs )
wherein M is alkali metal cation, ammonium cation or tetraalkylammonium

cation having 1 — 4 carbon atoms in each alkyl chain:

titanium (IV) alkoxides of general formula (111)
Ti(OR®)4 (1)
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wherein R is alkyl chain having 1 - 18 carbon atoms, alkyl chain having 1 — 18
carbon atoms w-substituted with hydroxy, amino or sulfonic acid group,

cycloalkyl having 3 - 8 carbon atoms, isoalkyl having 1 — 18 carbon atoms,
in concentration range 107° - 10~ mol.dm™,

and suitable additives, preservatives and solvents.

4. The preparation according to claim 1, characterized in that it contains as

active ingredient solely one or more jasmonic acid derivatives of general
formula (IV)

O

agwa y

wherein R* is hydrogen, alkyl chain having 1 — 4 carbon atoms, alkali metal
cation, ammonium cation, alkylammonium cation, dialkylammonium cation,
trialkylammonium cation or tetraalkylammonium cation respectively, wherein

the alkyl chain has 1 - 5 carbon atoms,
in concentration range 10~ - 10~ mol.dm™;

and suitable additives, preservatives and solvents.

5. The preparation according to any of claims 1 to 4, characterized in that it
further contains one or more compounds selected from the group consisting
of: urea, ammonium sulfate, ammonium hitrate, ammonium
hydrogenphosphate, ammonium dihydrogenphosphate, potassium nitrate,

calcium nitrate and sodium nitrate.

6. A method of induction of increasing the contents of bioactive substances in

plants grown In soil, in hydropony or in synthetic substrate, characterized in

that the preparation according to any of the preceding claims in the form of
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solution, emulsion or suspension in water or other liquid is applied to the

leaves of whole intact plants by foliar spraying.
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Fig. 1 The increase of the caftaric and chicoric acid contents in the extract from tops
(shoots) of Echinacea purpurea L. (Moench.) after the application of the preparation of

Example 1.
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from roots of Echinacea purpurea L. (Moench.) after the application of the preparation of

Example 1.
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Fig. 11 The increase of contents of caftaric and chicoric acid in the extract from tops of
Echinacea purpurea L. (Moench.) after the application of the combined preparation of
Example 6 which is denoted SA + AT. The results for the components of the combined
preparation (SA according to Example 1 and AT according to Example 4) are shown as

well for comparison.

Active ingredient
Fig. 12 The increase of the contents of caftaric, chicoric and chlorogenic acids in the
components of the combined preparation (SA according to Example 1 and AT according

extract from roots of Echinacea purpurea L. (Moench.) after the application of the
combined preparation of Example 6 which is denoted SA + AT. The results for the

to Example 4) are shown as well for comparison.
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