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(57) Abstract: The present invention
relates to a method for producing a
milk thistle extract, particularly a fla-

vanolignan preparation, having an in-
creased release rate and improved re-
sorbability, and to the use thereof,
particularly for the therapy and pro-
phylaxis of liver diseases.

(57) Zusammenfassung: Die vorlie-
gende Erfindung betrifft ein Verfah-
ren zur Herstellung eines Mariendis-
telfriichte-Extrakt, insbesondere eine
Flavanolignan-Zubereitung mit er-
hohter Freisetzungsrate und verbes-
serter Resorbierbarkeit und dessen
Verwendung, insbesondere zur Thera-
pie und Prophylaxe von Lebererkran-
kungen.
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Novel milk thistle extract, method for preparation, and use

Description

The present invention relates to a method for preparing a milk
thistle fruit extract, in particular a flavanolignan preparation
having an increased release rate and improved absorbability, and
use thereof, in particular for the treatment and prevention of
liver diseases.

The milk thistle (Silybum marianum or Carduus marianus) 1is a
plant which is cultivated in particular in southwest and central
Europe (Austria, Hungary), and which has become naturalized in
Eurasia, North America, South America, and Australia. Production
areas are also found in China.

The efficacy of the drug from milk thistle (seeds and fruit) in
the treatment and prevention of various forms of liver and gall
bladder dysfunction is known. The drug is composed of the ripe
fruit from which the pulp has been removed, having a minimum
sylimarin content of 1.5% (Pharmacopoea Europaea (Ph. Eur.),
2007) . Tinctures (usually alcoholic extracts of the drug) made
from milk thistle have been known since ancient times. Isolated
silymarin is particularly suitable (for example, DE 1 923 982,
DE 1 767 666 (Madaus)).

Silymarin is a flavanolignan complex, i.e.,
polvhydroxyphenylchromanones, and was first isolated from the
plant in the 1960s (Dissertation, Janiak Bernhard, June 1960,
Berlin University of Applied Sciences (DE 2020407), Pelter A.,
Hé&nsel R., Tetrahedron Letters, 25, (1968)).

Silymarin is composed of a mixture of the flavanolignan complex
I-1IV; specifically, its primary components are the four
flavanolignans silybin (silybinin) (silymarin I), silydianin
(silymarin II), and silychristin (silymarin III)




Silychristin

as well as isosilibin (silymarin IV). In these flavolignans the
taxifolin is linked to coniferyl alcohol.

Further known secondary components are dehydrosilybin,
3-desoxysilychristin, desoxysilydianin (silymonin), silyadrin,
silybinom, silyermin, and neosilymerin.
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The fruit of the milk thistle is used for preparing the extract.
Such extracts from milk thistle and methods for preparing same
have previously been described in the prior art, for example as
disclosed in DE 1 923 982, DE 29 14 330 (Madaus).

Also known is a dried extract of milk thistle fruit (Extr. cardui
mariae fruct. siccum) which is obtained from the plant drug
using, among others, the extraction agent ethyl acetate, and
standardized in accordance with the applicable Ph. Eur.

The stated requirements for a dry extract are a content of
preferably 30-65% by weight silymarin (other content ranges are
possible), the silymarin portion containing the following
fractions:

40-65% by weight:
Silibin{(in) A and B (diastereomeric mixture, CisHz20H;g
MW 482,4) and

10-20% by weight
Isosilibinin A and B (diastereomeric mixture, C;sH330Hip
MW 482.4) and

20-45% by weight:
Silidanin and silicristin (CysH,,0H;y MW 482.4),

For preparation of an extract, the raw material (in this case,
the plant drug) is usually degreased, extracted, filtered,
concentrated, and purified.

For said continuous extraction, using ethyl acetate / ethanol /
acetone / methanol (optionally in aqueous form) or agueous
mixtures with the above-referenced solvents, filtration is
usually performed, followed by concentration. Purification is
then carried out using ethanol and hexane (further degreasing),
thus obtaining the above-referenced content of silymarin.
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Such a composition allows a silymarin release rate of 30 to
approximately 40% (measured in accordance with Ph, Eur. 5.7;
2.9.3 (01/2006:20903 as amended, for example using the basket
method, paddle model).

However, there is a great need for increasing the release rate of

silymarin in the native extract.

It is known that these flavanolignans have little or no
solubility in water (the solubility of pure silymarin is
approximately 0.08 mg/mL at pH 6.9). Because of this solubility
characteristic the release rate of these compounds, and de facto
their biocavailability/absorbability in the body of humans or
mammals, is inadequate.

In order to increase the release rate, attempts have been made to
derivatize the flavanolignans, using polyalcohols, amino sugars,
or esters, for example, or to complex them using inclusion
compounds such as cyclodextrin (EP 0 422 497 Bl (Madaus)), or
using complexing compounds, for example phosphatidylcholine.

However, it is disadvantageous that physiological foreign
substances may arise which cause adverse side effects.

It is also known from the prior art that the release rate may be
increased by use of carrier substances such as 1l-vinyl-2-
pyrrolidone, mannitol, and others (EP 0 722 918 Bl, US 5,906,991
(Madaus)). In addition, wetting agents such as polysorbates
(tensids) are necessary. EP 1 021 198 Bl (Madaus) discloses a
silymarin coprecipitate with thé use of PEG. However, these
referenced methods all have the disadvantage that dosing is made
more difficult, and foreign substances may arise which have

imprecisely defined side effects.

The object, therefore, is to provide an improved milk thistle
fruit extract, in particular one having an advantageously
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improved silymarin release rate while maintaining the native
character, suitable for the treatment of liver and gall
bladder diseases. The aim is to prepare the extract
essentially without additives, supplements, carrier

substances, or wetting agents.

A preferred embodiment of the invention provides a method
for preparing a milk thistle fruit extract, whereby in the

following steps

a.) The plant drug is extracted with a solvent having
moderate polarity (for example, ethyl acetate, ethanol,
acetone, methanol, optionally containing aqueous fractions),
preferably at 40-80 degrees Celsius, particularly preferably
50-70 degrees Celsius,

b.) separated, preferably filtered,

c.) concentrated, preferably under vacuum with stirring, at
a temperature less than 60 degrees Celsius, preferably less
than 40 degrees Celsius, and c') optionally washed with hot
water,

d.) combined with ethanol, preferably 96% ethanol or
greater, or a solvent of similar polarity, and then combined
with hexane or a solvent of similar polarity and
concentrated, preferably at a pressure of 1-100 mbar, and
the resulting ethanol-water phase is removed,

e.) dried and optionally comminuted,

f.) taken up in anhydrous alcohol, preferably ethanol,

g.) optionally filtered and concentrated, and
h

.) dried and optionally comminuted.

Surprisingly, the additional step f.) results in a
significant increase in the silymarin release rate to 80%
(see comparative examples). This is particularly

advantageous, since a lower dosage of the milk thistle fruit
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extract according to the invention is achieved. It is also
advantageous that a quality is attained which in the prior
art is achievable only using additives, supplements, carrier

substances, and wetting agents.

The term "anhydrous alcohol" in step f.) preferably includes
Cl-C4 alcohols, particularly preferably ethanol, such as 99%

or even 99.5% pure.
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Therefore, the invention further relates to a method for
preparing a milk thistle fruit extract having a silymarin release
rate of 80% or greater, wherein an extract having a silymarin
content of 15-85% by weight, in particular 30-65% by weight, is
taken up in anhydrous alcohol, optionally filtered and
concentrated, and then dried and optionally comminuted.

Within the scope of the present invention, "silymarin" refers to
a substance mixture containing (at least) the four substances
silybin, silydianin, silychristin, and isosilbin in various
concentrations. The ratios of these substances with respect to
one another, and the presence of additional substances in the
mixture, are not important. However, it is preferable that these
substances meet the requirements of Ph. Eur. or DAB as amended.
This is the case for the present invention.

A "silymarin release rate of 80% or greater” means that the
active substances are at least 80% soluble in agueous solution
{standard according to Ph. Eur.; see examples).

This advantageously results in improved absorbability.

The milk thistle fruit extract obtained is particularly suitable,
in that as the result of method step f.) the crystalline
fractions in the resulting extract are significantly reduced, and
a milk thistle fruit extract having an essentially amorphous
crystal modification is obtained.

The invention therefore relates to a novel milk thistle fruit
extract or flavanolignan preparation having an essentially
amorphous crystal modification (see comparative tests of the
X-ray structural analysis in Figure 1).

In one particularly preferred embodiment, the invention relates
to a novel milk thistle fruit extract or flavanolignan
preparation composed of an amorphous crystal modification,
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wherein the crystalline fraction is less than 20%, preferably
less than 10%, particularly preferably less than 7%, even 5%.

The invention therefore further relates to a medicament composed
of a milk thistle fruit extract according to the invention, or
use thereof for treatment and prevention of liver and gall
bladder dysfunction, in particular for toxic liver damage (fatty
liver, alcohol), hepatoses such as mushroom poisoning, acute
liver failure, liver necrosis, liver dystrophy, cirrhosis of the
liver, hepatic fibrosis, hepatomegaly, and fatty liver
degeneration, liver insufficiency, and hepatitis, in particular
hepatitis C. %

The invention further relates to a pharmaceutical formulation
containing a medicament according to the invention composed of a
milk thistle fruit extract according to the invention.

The milk thistle fruit extracts according to the invention may be
provided in the form of pharmaceutical preparations in dosage
units. This means that the preparation [may] be present in the
form of individual portions, for example tablets, dragees,
capsules, pills, suppositories, and ampoules, the active
substance content of which [may] correspond to a fraction or a
multiple of a single dose. The dosage units may contain, for
example, 1, 2, 3, or 4 single doses, or 1/2, 1/3, or 1/4 of a
single dose. A single dose preferably contains the quantity of
active substance which is dispensed in one administration, and
which typically corresponds to a whole daily dose or a half,
third, or fourth of a daily dose.

Nontoxic, inert, pharmaceutically suitable carrier substances are
understood to mean solid, semisolid, or ligquid diluents, fillers,
and formulation adjuvants of all types.

Tablets, dragees, capsules, pills, granules, suppositories,
solutions, syrups, suspensions, and emulsions are named as

preferred pharmaceutical formulations. Tablets, dragees,
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capsules, pills, and granules may contain the active substance oxr
substances in addition to the customary carrier substances, such
as a) fillers and extenders, for example starches, lactose,
sucrose, glucose, mannite, and silicic acid, b) binders, for
example carboxymethylcellulose, alginates, gelatins, and
polyvinylpyrrolidone, c¢) humectants, for example glycerin, d4)
disintegrants, for example agar-agar, calcium carbonate, and
sodium carbonate, e) solubility retardants, for example paraffin,
f) absorption accelerators, for example quatenary ammonium
compounds, g) wetting agents, for example cetyl alcohol and
glycerin monostearate, h) adsorbents, for example kaolin and
bentonite, and i) lubricants, for example talc, calcium and
magnesium stearate, and solid polyethylene glycols, or mixtures
of the substances stated under a) through 1i).

Tablets, dragees, capsules, pills, and granules may be provided
with customary coatings and shells optionally containing
opacifying agents, and may also have a composition such that they
deliver the active substance or substances only in the intestinal
tract or preferably in a specific portion thereof, optionally in
a delayed manner, wherein polymeric substances and waxes, for
example, may be used as encapsulating compounds.

The active substance or substances may also be present in
microencapsulated form, optionally with one or more of the above-
referenced carrier substances.

In addition to the active substance or substances, suppositories
may contain customary water-soluble or water-insoluble carrier
substances, for example polyethylene glycols, fats, for example
cocoa butter, and higher esters (for example, Cl4 alcohol with
Clée fatty acid), or mixtures of these substances.

In addition to the active substance or substances, solutions and
emulsions may contain customary carrier substances such as
solvents, solubilizers, and emulsifiers, for example water, ethyl
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alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate,
benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene
glycol, dimethylformamide, o0ils, in particular cottonseed oil,
peanut o0il, corn germ oil, olive o0il, castor oil, and sesame o0il,
glycerin, glycerin formal, tetrahydrofurfuryl alcohol,
polyethylene glycols, and fatty acid esters of sorbitan, or
mixtures of these substances.

In addition to the active substance or substances, suspensions
may contain customary carrier substances such as liquid diluents,
for example water, ethyl alcohol, and propylene glycol,
suspension agents, for example ethoxylated isostearyl alcohols,
polyoxyethylene sorbite, and sorbitan esters, microcrystalline
cellulose, aluminum metahydroxide, bentonite, agar-agar, and gum
tragacanth, or mixtures of these substances. The referenced
formulation forms may also contain dyes, preservatives, and
fragrance- and taste-enhancing additives, for example peppermint

0il and eucalyptus oil, and sweeteners, for example saccharin.
Examples and figures:

The following examples are used solely to illustrate the
invention, without limiting the invention thereto.

Example 1:
Comparative tests for release of silymarin:

Comparative extracts (silibinin Ch.-B.: 194051, Ch.-B.: 70851)
according to the above description were prepared, silibinin
Ch.-B.: 70851 being prepared according to additional method step
£.).

The following (silymarin) active substance release resulted at pH
7.5, under the conditions stated in Ph. Eur. (Dissolution test of
solids; Ph. Eur 5.7; 2.9.3 (01/2006:20903):
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Sample Sample taken Dissolved quantity in %

Silibinin Ch.-B.:
194051

After 30 min 4.16%

Silibinin Ch.-B.:

. After 30 min 49.13%
70851

The results show that treatment with anhydrous ethanol in step
f.) causes the previously poorly soluble silibinin mixture,
composed of an amorphous and crystalline structure, to be
converted to an amorphous crystal modification (see Figure 1)
(i.e., the crystal lattice structure is altered), resulting in
improved solubility and active substance release.

This additional method step allows preparation of the above-
described extract having an active substance release of at least
80% total silymarin, calculated as silibinin (HPLC - Ph. Eur.
01/2007:2071), after 30 min, since this method improves the
solubility not only of the silibinin, but also of the other

silymarin isomers.

Figure 1 shows the altered crystal modification, based on a
comparison of silibinin Ch.-B.: 194051 and silibinin Ch.-B.:
70851, using X-ray structural analysis (conditions corresponding
to Example 2).

Radiographic analyses were carried out on an X'Pert Pro MPD
diffractometer from PANalytical B.V., using Bragg-Brentano

~geometry and an X'Celerator detector.

Further comparative tests are described below:
Example 2:

Methodology
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a.) Sample preparation:
Two so0lid powder samples of products

Ref. 72331 with step f.), using the method according to the
invention, and

Ref. 7232i without step f.)
b.) X-ray diffraction analysis using the powder technique

Introduction of portions of the powdered material inserted in
Lindemann glass capillaries of 0.5 millimeter diameter.

c.) Equipment and test conditions:

PANalytical X'Pert PRO MPD diffractometer with a 9/9 goniometer
having a radius of 240 millimeters, parallel lens with hybrid
monochromator, and transfer geometry with sample holders for
capillaries, with a spinner.

Cu-Ka radiation (k = 1.5406 A).
Power: 45 kV - 40 mA.
Slit which at 0,19 millimeters fixes the quantity

Soller aperture with 0.02 radiation in the incident quantity and
the diffracted quantity

d.) X'Celerator measuring unit having an active length of
2122.

Flushing 29 of 3 to 60° 29 having a step size of 0.017 and a
measurement time of 1500 sec per step.

e.) Objective
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Production of X-ray diffraction diagrams using the powder
technique. Determination of the rate of crystallization.

£.) Methodology

The rate of crystallization is the weight percentage of the
crystalline phase in a sample mixture composed of crystalline and
amorphous phases, using a crystallization index Ci:

Ci = 100[Xc/ (Xa+Xc)], where Xc represents the weight fraction of
the amorphous phases.

The values of Xc were determined from the sum of the regions of
all narrow points (in the crystalline phase) in the angular range
of the study. The values of Xa were obtained by determining the
regions of wide points or "halos" (in the amorphous phase).

g.) Results

Figures 2 and 3 illustrate the diagrams obtained in the complete
angular measurement range. Sample mixtures composed of
crystalline and amorphous phases were used.

The resulting Ci values were 7% for sample Ref. 72331 (see Figure
2), and were 24% for sample Ref. 7232i (see Figure 3).
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Method for preparing a milk thistle fruit extract
having a silymarin release rate of 80% or greater,
characterized in that
a.) The plant drug is extracted with a solvent having
moderate polarity (for example, ethyl acetate, ethanol,
acetone, methanol, optionally containing agqueous
fractions), preferably at 40-80 degrees Celsius,
particularly preferably 50-70 degrees Celsius,

b.) separated, preferably filtered,

c.) concentrated, preferably under vacuum with stirring,
at a temperature 1less than 60 degrees Celsius,
preferably less than 40 degrees Celsius, and

c’) optionally washed with hot water,

d.) combined with ethanol, preferably 96% ethanol or
greater, or a solvent of similar polarity, and then
combined with hexane or a solvent of similar polarity
and concentrated, preferably at a pressure of 1-100
mbar, and the resulting ethanol-water phase is removed,
e) dried and optionally comminuted,

f) taken up in anhydrous alcohol, preferably ethanol,

g) optionally filtered and concentrated, and

h.) dried and optionally comminuted.

2. Method for preparing a milk thistle fruit extract
having a silymarin release rate of 80% or greater
according to Claim 1, characterized in that in step a.)
the solvent of moderate polarity is selected from the
group comprising ethyl acetate, ethanol, and methanol,

preferably ethyl acetate.
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Method for preparing a milk thistle fruit extract
having a silymarin release rate of 80% or greater
according to claim 1, characterized in that in step f.)

the anhydrous alcohol is an anhydrous C1-C4 alcohol.

Milk thistle fruit extract obtained by a method

according to any one of claims 1 to 3.

Milk thistle fruit extract according to claim 4,
wherein the milk thistle fruit extract 1is composed

essentially of an amorphous crystal modification.

Milk thistle fruit extract according to claim 4 or
claim 5, wherein the milk thistle fruit extract is
composed of an amorphous crystal modification, wherein
the crystalline fraction is less than 20%, in

particular less than 10%, preferably less than 7%.

Milk thistle fruit extract according to any one of
claims 4 to 6 for the treatment or prevention of a
disease selected from the group comprising liver and
gall bladder dysfunction, in particular for toxic liver
damage (fatty 1liver, alcohol), hepatoses such as
mushroom poisoning, acute liver failure, liver
necrosis, liver dystrophy, cirrhosis of the liver,
hepatic fibrosis, hepatomegaly, and fatty liver
degeneration, 1liver insufficiency, and hepatitis, in

particular hepatitis C.
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Pharmaceutical preparation containing a milk thistle

fruit extract according to claim 7.

A method for preparing a milk thistle fruit extract
according to claim 1, substantially as hereinbefore

described with reference to the examples.

A milk thistle fruit extract according to claim 4,
substantially as hereinbefore described with reference

to the examples.

Use of a milk thistle fruit extract of any one of
claims 4 to 6 for the manufacture of a medicament for
the treatment or prevention of a disease selected from
the group comprising liver and gall bladder
dysfunction, in particular for toxic 1liver damage
(fatty 1liver, alcohol), hepatoses such as mushroom
poisoning, acute liver failure, liver necrosis, liver
dystrophy, cirrhosis of the 1liver, hepatic fibrosis,
hepatomegaly, and fatty liver degeneration, liver
insufficiency, and hepatitis, in particular hepatitis

C.

A method of prevention or treatment of a disease
selected from the group comprising liver and gall
bladder dysfunction, in particular for toxic 1liver
damage (fatty liver, alcohol), hepatoses such as
mushroom poisoning, acute liver failure, liver
necrosis, liver dystrophy, cirrhosis of the liver,
hepatic fibrosis, hepatomegaly, and fatty 1liver
degeneration, liver insufficiency, and hepatitis, in

particular hepatitis C, comprising administering to a
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subject an efficacious amount of a milk thistle fruit

extract of any one of claims 4 to 6.
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