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DESCRIPTION

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to a new method for enhancing the solubility and
bioavailability characteristics of a poorly water soluble active ingredient and producing an
iImproved oral solid dosage form.

BACKGROUND OF THE INVENTION

[0002] The oral route 1s the most preferable route of active ingredient administration because
of several benefits, such as better patient compliance, safety and versatility. Therefore, a vast
number of active ingredients Is formulated in oral pharmaceutical dosage forms and mostly as
solid pharmaceutical preparations, e.g. tablets, chewable tablets, capsules.

[0003] Nevertheless, there are some obstacles and difficulties when developing solid forms for
oral administration, as many active pharmaceutical ingredients exhibit a low solubility In
aqgueous fluids which leads to decreased dissolution rate and limited therapeutic effect.

[0004] The aqueous solubility of an active Ingredient 1s one of the most important
physicochemical properties as low aqueous solubility and low dissolution rate can reduce the
active ingredient absorption in the gastro-intestinal tract. Low active ingredient solubility also
directs to decreased bioavailablility, increased chance of food effect, more frequent incomplete
release from the dosage form and higher interpatient variability.

[0005] Poorly water soluble active ingredients, namely compounds having solubility in water
below 0.1 mg/ml, consist a large majority of the pharmaceutical active ingredients, thereby
imiting their potential uses and Increasing the difficulty of formulating bioavailable
pharmaceutical products. In this category, disclosed are active Ingredients such as
Atorvastatin, Leflunomide, Raloxifene and Tadalafil.

[0006] Poorly soluble active ingredients have stimulated the development of active ingredient
delivery technologies to overcome the obstacles to their solubilization through either chemical
or mechanical modification of the environment surrounding the active ingredient molecule, or
physically altering the macromolecular characteristics of aggregated active ingredient particles.
These technologies Include both traditional methods of solubility enhancement, such as
particle size reduction, addition of surfactants and inclusion In cyclodextrin-active ingredient
complexes, and the use of more novel mechanisms such as self-emulsifying systems,
micronisation via nanoparticles, pH adjustment and salting-in processes.

[0007] Various methods are already known for the industrial preparation of dosage forms for
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oral administration comprising active pharmaceutical Iingredients having low solubility.
However, the prior art has encountered substantial difficulties in the production of oral solid
formulations of a desirable bioavailability because of the very poor solubility of said active
Ingredient.

[0008] US-A-2006/068010 relates to a method for improving bioavailability of a low solubility
active ingredient comprising orally administering a tablet or capsule comprising granules of
sald active ingredient with at least one amino acid and at least one intra-granular hydrophilic
polymer, an immediate release excipient or a sustained release excipient.

[0009] WO-A-2005/041929 claims a solid oral dosage form comprising an active ingredient, a
solubilizer and a release modulator, wherein the release of the active ingredient and solubilizer
are synchronized.

[0010] EP O 670 162 A1 discloses orally administerable pharmaceutical formulations
comprising raloxifen in combination with a surfactant, a water-soluble diluent and an optinal
hydrophilic binder like polyvinylpyrrolidone.

[0011] WO 2011/000581 A2 discloses raloxifen tables comprising a combination of
microcrystalline cellulose and a water-soluble diluent. Although each of the patents above
represents an attempt to provide solid dosage forms for oral administration comprising poorly
water soluble active Ingredients, which overcome the related problems of low aqueous
solubility and bioavailability of said active ingredient, there still exists the need for a simple,
easy to operate and low-cost innovative process for formulating such active ingredients.

SUMMARY OF THE INVENTION

[0012] It I1s therefore, an object of the present invention to improve the solubility and
bioavailability characteristics of a poorly water soluble active Ingredient selected from
Atorvastatin, Leflunomide, Raloxifene and Tadalafil or a salt thereof.

[0013] A further aspect of the present invention Is to afford a method for the preparation of a
solid pharmaceutical composition for oral administration which overcomes the difficulties
encountered In pharmaceutical production because of the low solubility of several active
Ingredients.

[0014] According to another embodiment of the present invention, a cost effective and simple
process for manufacturing a solid pharmaceutical composition for oral administration is
provided. Dosage forms of different strengths are formulated by proportionally adjusting the
amounts of the pharmaceutically acceptable excipients and the active ingredient; thereby
providing a pharmacotechnical linearity, without affecting the dissolution profile and
bioavailability of the active ingredient.
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[0015] Another aspect of the present disclosure I1s the use of a functional excipient as a
dissolution enhancing agent that is 2-pyrrolidone, for poorly water soluble active ingredients.

[0016] In particular, a dissolution enhancing agent for poorly water soluble pharmaceutical
active iIngredients, as described above, facilitates the release and Iincreases of the
bioavailability of the active ingredient, especially in combination with silicon dioxide, especially
colloidal silicon dioxide, which displays a synergistic effect.

[0017] A feature of the Invention I1s a manufacturing process for a pharmaceutical formulation,
or an intermediate granule ready for formulation, 1s provided. Said method (hereafter referred
to as "Pyrroplus Manufacturing Process” or "Pyrroplus”™ comprises the following stages:
dissolving and/or mixing the active ingredient with at least one cyclic amide moiety containing
excipient excipient, which is 2-pyrrolidone, optionally by stirring;

e mixing the obtained solution/mixture with silicon dioxide, and optionally adding other
Internal phase excipients;

o wet or dry granulation of the obtained mixture, optionally with ethanol; and, optionally,

o drying the wetted mass, If required, preferably at temperature of around 40 °C.

[0018] Additional steps used in the manufacture of a solid pharmaceutical dosage form include
one of more of the following additional steps:

e passing the dry granule through a sieve to achieve the desired granule size;
e mixing the dry granule with the constituents of the external phase excipients until a

uniform mixture Is produced:;
e compressing the mixture or granules into tablets, optionally with further excipients, Iin a
tableting machine; and/or coating the obtained tablets.

[0019] Other objects and advantages of the present invention will become apparent to those
skilled in the art in view of the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Fig. 1: Comparative dissolution profiles of the pharmaceutical composition prepared by
"Pyrroplus Manufacturing Process” and the pharmaceutical formulation using ethanol as
solubilizing agent.

Fig. 2: Comparative XRD of pure Tadalafil and Tadalafil in the pharmaceutical composition
produced by "Pyrroplus Manufacturing Process".
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Fig. 3: Comparative FTIR of Tadalafil prior to and after dissolving in 2-pyrrolidone.

Fig. 4. Comparative XRD of pure Leflunomide and Leflunomide in the pharmaceutical
composition produced by "Pyrroplus Manufacturing Process”.

Fig. 5: Comparative XRD of pure Raloxifene and Raloxifene in the pharmaceutical composition
produced by "Pyrroplus Manufacturing Process".

DETAILED DESCRIPTION OF THE INVENTION

[0021] A major object of the present invention is to apply a novel method for the preparation of
Improved pharmaceutical compositions comprising poorly water soluble active ingredients,
selected from Atorvastatin, Leflunomide, Raloxifene and Tadalafil or a salt thereof.

[0022] We present as a feature of the Invention a pharmaceutical composition for oral
administration comprising a poorly water-soluble active ingredient adducted to a dissolution
enhancing agent, that 1s a pharmaceutical excipient bearing a cyclic amide moiety, which Is 2-
pyrrolidone, in order to afford improved water solubility.

[0023] For the purposes of the present invention, a pharmaceutical composition comprising a
poorly water soluble active Iingredient Is considered to be improved If saild composition
achieves increased solubllity of said active ingredient, thereby generating the possibility of
greater bioavailability.

[0024] For the purposes of the present invention, a pharmaceutical composition comprising an
active ingredient with poor dissolution Is considered to be improved If saild composition
achieves Increased dissolution of said active ingredient, thereby generating the possibility of
greater bioavailability.

[0025] In accordance with the above objects, a new technological platform "Pyrroplus
Manufacturing Process” for manufacturing pharmaceutical dosage forms comprising poorly
water soluble active ingredients, or active ingredients that have poor dissolution, Is provided
which combines wet and dry granulation processes. Said method employs the use of the 2-
pyrrolidone excipient as a solubilizing agent in combination with silicon dioxide and enhances
the solubllity of the active pharmaceutical ingredients.

[0026] Another aspect of the present invention Is to provide solid pharmaceutical formulations
for oral administration which are simple to manufacture, cost effective, possess good

pharmacotechnical properties and linearity.

[0027] The following examples present the implementation of "Pyrroplus” technique to a
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number of poorly water soluble active pharmaceutical ingredients showing a significant
Increase In their solubllity. For all the compositions presented below, excipients were chosen
carefully to give appropriate dissolution rate and stability of the finished dosage form. The
chosen quantities of each excipient have been derived after a series of tests and are
considered the most appropriate regarding the solubility and the formulation characteristics.

[0028] By the use of the term active ingredient we mean those active ingredients that are
poorly water soluble. In addition, we mean those active ingredients that have poor dissolution
properties. In addition we mean those active ingredients that have a carboxy group. The active
Ingredients are Atorvastatin, Leflunomide, Raloxifene and Tadalafil.

[0029] By the use of the term "poorly water soluble” we mean active ingredients which have a
solubility of less than or equal to 0.1 mg/ml in water as defined in the US or European
Pharmacopoeia. Among poorly water soluble active ingredients for use in the invention are
active ingredients of the Biopharmaceutical Classification System (BSC guidance for industry of
the U.S. Food and Drug Administration), class |l active ingredients, characterized by low
solubility and high permeability, and class |V active ingredients, characterized by low solubility
and low permeability.

[0030] For a particular active ingredient its dissolution speed may depend on its crystallinity, or
lack thereof, In case of amorphous solids, or other physical factors unconnected with its
absolute solubllity in a particular media. Amorphous forms generally have a higher dissolution
speed than crystalline forms of the same active ingredient because the solvent can easily
penetrate and dissolve more amount of amorphous form. The mechanism of action of
"Pyrroplus” consists In the transformation of the active ingredients from crystalline to
amorphous state. Thus, the invention can improve dissolution speed of active ingredients,
especially of those that are crystalline.

[0031] Specific amounts of the cyclic amide moiety containing excipient and silicon dioxide
were tested in order to determine the desirable amounts that enhance dissolution rate of
poorly water soluble active ingredients. The composition of the present invention comprises at
least 1%, at least 5%, at least 10%, at least 15% by weight, and at least 30%, 25% or 20% by
weight of cyclic amide moiety containing excipient. The composition of the present invention
comprises at least 1%, at least 5% and at least 10% and less than 20% and 15% by weight of
silicon dioxide.

[0032] Moreover, the pharmaceutical composition of the present invention may also contain
one or more additional formulation excipients. Those excipients that are required to be desired
to be Iintimately mixed with the active ingredient, such as inside a granule, are called "internal
phase excipients” and may be selected from one or more of the following; binders,
disintegrants, diluents and glidants.

[0033] Binders are selected from the group consisting of Kollidon VA 64, carbomer, ethyl
cellulose, gelatin, liquid glucose, guar gum, hydroxyethyl cellulose, methylcellulose and
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polydextrose. Most preferably, the composition comprises 1% to 15% by weight of a binder,
preferably the binder is Kollidon VA 64.

[0034] Disintegrants are selected from the group consisting of crospovidone, carbon dioxide,
carboxymethylcellulose calcium, carboxymethylcellulose sodium, croscarmelose sodium and
guar gum. Most preferably, the composition comprises 1% to 15% by weight of a disintegrant,
such as crospovidone, and additionally 1% to 5% by weight of a second disintegrant, preferably
croscarmellose.

[0035] Diluents are selected from the group consisting of microcrystalline cellulose, dextrates,
dextrose, fructose, mannitol, sorbitol, lactose, sucrose, xylitol, maltose and dicalcium
phosphate anhydrous. Most preferably, the composition comprises 5% to 25% by weight of a
diluent, preferably microcrystalline cellulose, or 1% to 20% by weight of a diluent, preferably
lactose, or 1% to 15% by weight of a diluent, preferably dicalcium phosphate anhydrous, or a
mixture of one or more.

[0036] Glidants are selected from the group consisting of colloidal silicon dioxide, calcium
silicate and starch. Most preferably, the composition comprises 10% to 35% by weight of a
glidant, preferably starch.

[0037] The excipients that are desired not to be intimately mixed with the active ingredient are
the "external phase excipients” and sit in the composition but outside the internal phase, which
may be a granule, and may be for example selected from one of more of the following; fillers,
disintegrants and/or lubricants.

[0038] Disintegrants are selected from the group consisting of crospovidone, carbon dioxide,
carboxymethylcellulose calcium, carboxymethylcellulose sodium, croscarmelose sodium, guar
gum. Most preferably, the composition comprises 1% to 5% by weight of croscarmellose In the
external phase.

[0039] Lubricants are selected from the group consisting of talc, magnesium stearate, calcium

stearate, glyceryl behenate, hydrogenated castor oil, stearic acid, sodium lauryl sulfate. Most
preferably, the composition comprises 0, 5% to 5% by weight of magnesium stearate.

EXAMPLES

Example 1

Tablet comprising 20mg of Tadalafil (Composition 1)
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[0040] Tablets comprising Tadalafil were prepared by "Pyrroplus Manufacturing Process". The
composition of the tablets is illustrated in Table 1:
Table 1: Composition 1 produced by "Pyrroplus Manufacturing Process”

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Ingredients mg per tablet
Internal phase

.........................................................................................................................................................................................................................................
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Dicalcium phosphate anhydrous —“

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA \
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\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\:

External phase

..........................................................................................................................................................................................................................................

[0041] The manufacturing process, as followed for preparing the Composition 1 consists of the
following steps:

o Dissolving Tadalafil in 2-pyrrolidone by stirring.

e Mixing the obtained solution with the blend of silicon dioxide and the rest of internal
phase excipients: Kollidon VAG64, crospovidone, microcrystalline cellulose, lactose
monohydrate, starch, dicalcium phosphate anhydrous, croscarmellose.

e \Wet granulation of the obtained mixture with the adequate quantity of ethanol.

e Drying the wetted mass at 40 °C.

» Passing the dry granule through a sieve to achieve the desired granule size.

e Mixing the dry granule with croscarmelose and magnesium stearate

» Compressing the bulk into tablets of 668 mg average weight, in a tableting machine with
oblong punches of 16mm length an 8mm width.

[0042] The bulk has good properties (tap, density, flow) and the tablets are characterized by
excellent pharmacotechnical properties, such as homogeneity, compressibility, high hardness,
low friability and quick disintegration time.
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[0043] Pyrroplus Manufacturing Process"” as described above, overcomes several problems
associated with the low solublility of Tadalafil. More specifically, when Tadalafil is dissolved In 2-
pyrrolidone its solubllity increases and reaches high values. Conversely, using ethanol as
solvent requires either increased amount of solvent or small quantity of Tadalafil, which both
Incommode the preparation of a pharmaceutical composition.

[0044] Table 2 illustrates the comparative solubility studies of the formulation of the present

Invention and a formulation produced by replacing 2-pyrrolidone with equal quantity of ethanol:
Table 2: Comparative dissolution profiles of Composition 1 and the pharmaceutical formulation
prepared using ethanol as solubilizing agent

Time (min) ’ % Dissolved using % Dissolved using
pyrrolidone ethanol
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[0045] The results Indicate that "Pyrroplus” significantly increases the dissolution rate of

Tadalafil (Fig. 1). More than 90% Is released within 90 min using 2-pyrrolidone along with
silicon dioxide while less than 20% is released when ethanol is used.

[0046] An important object of the present invention Is to provide an immediate release
composition that has an improved dissolution profile. The dissolution profile given from the

dissolution test of the tablets In aqueous dissolution medium pH 4.5, 50 rpm Is presented
below.

Table 3: Dissolution results of Composition 1 in aqueous buffer at 50 rom and at pH 4.5

$
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b
90.00
.
LS

[0047] According to the dissolution results, Composition 1 prepared by "Pyrroplus
Manufacturing Process"” exhibits a significant immmediate release character as 80 % of Tadalafll
IS dissolved within less than 30 min and about 90 % within 45 min.

[0048] Furthermore, the effect of silicon dioxide In the dissolution rate and the granulation
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process was studied extensively. In particular, a certain formulation was prepared by excluding
silicon dioxide. Summarizing the results it was shown that the solubility of Tadalafil reduced by
40 % within 90 minutes. In addition, the texture of the formulation produced without using
silicon dioxide was olly.

[0049] The mechanism of "Pyrroplus Manufacturing Process” has not yet been completely
recognized. Based on the results of the solubility, and the XRD studies, the possible
mechanism of action Is a transformation of the active ingredient from crystalline to amorphous
state (Fig. 2). In addition, FTIR studies confirm the Interaction between the APl and 2-
pyrrolidone as it can also be seen from Fig. 3. The pure active ingredient absorbs at 1678 and

1650 cm™!. The absorption at 1678 remains stable after the addition of 2-pyrrolidone whereas

the second absorption almost disappears and only a small shoulder at 1649 cm™! can be
detected In that area. This proves that one of the two carbonyl groups of the active ingredient
Interacts with the cyclic amide moiety of the excipient. Said interaction possibly occurs during
the solvent evaporation and due to hydrogen bond interactions between active ingredient and
cyclic amide moiety of the excipient. Since the active ingredient i1s in the amorphous state, it
can form hydrogen bonds with the rest of the excipients of the mixture. These bonds maintain
the active ingredient at an amorphous form, preventing it from recrystallizing. It i1s also worth
mentioning that the large surface area of silicon dioxide, resulting in a large area of contact
between the excipient and the active ingredient, supports the active ingredient to remain at its
amorphous state which in general has a higher dissolution rate than the crystalline form.

[0050] The effect of the cyclic amide moiety containing excipient on the dissolution rate and in
consequence on the bioavallability of the active ingredient can be attributed to several reasons.
Firstly, its strongly hydrophilic character improves water penetration of the active ingredient. In
addition, the absence of crystals (amorphous dispersion) requires lower level of energy for
dissolution than the crystalline as all amorphous Ingredients exhibit enhanced release.
Moreover, hydrogen bonds and the molecular adduction of the active ingredient to cyclic amide
molety containing excipient leads to partial miscibility improving the hydrophilic characteristics
of the active ingredient via interactions within the cyclic amide moiety containing excipient.

[0051] As shown above, silicon dioxide also performs an important additional role in the
dissolution enhancement of the active ingredient. Its small particle size and large specific
surface results in a large area of contact with the active ingredient aiding it to remain in its
amorphous state. VWhen incorporated in a pharmaceutical composition, a fine dispersion of
amorphous particles of the active ingredient is being formed on its surface, resulting in a one-
phase system. Said one-phase system improves the solubility of the active ingredient. It also
has desirable flow characteristics that improve the flow properties of the dry powders.

[0052] Amorphous active Ingredients should be cautiously formulated because they have a
tendency to recrystallize, resulting In bioavailability that 1s not reproducible or decreases
significantly after certain dosage periods due to degradation products. There Is no such
concern In the present formulation. The stability of the system Is due to the formation of
heteromolecular hydrogen bonds, which keep the molecules of the active Ingredient



DK/EP 2925320 T3

Ingredients frozen in the polymer matrix decreasing their mobility.

[0053] Therefore, In addition we present as a feature of the invention the use of a cyclic amide
moiety containing excipient to stabilise an active ingredient in the amorphous state within a
pharmaceutical composition.

[0054] Therefore, the cyclic amide moiety containing excipient and silicon dioxide have an
important function in present formulation and contribute to an improved solid pharmaceutical

dosage form produced by "Pyrroplus Manufacturing Process".

[0055] All the formulations presented below were also prepared following "Pyrroplus
Manufacturing Process" as described in Example 1.

Example 2

[0056] Tablet comprising 20mg of Leflunomide (Composition 2)
Table 4: Composition 2 produced by "Pyrroplus Manufacturing Process”

Ingredients mg per tablet
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[0067] Comparative XRD of pure Leflunomide and Leflunomide In a pharmaceutical
composition produced by "Pyrroplus Manufacturing Process" is shown In Fig. 4. The dissolution
profile of the tablet above is illustrated in Table 5.

Table 3: Dissolution results of Composition 2 in aqueous buffer at 50 rom and at pH 1.2
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[0058] Tablet comprising 20mg Raloxifene (Composition 3)
Table 6: Composition 3 produced by "Pyrroplus Manufacturing Process”

Ingredients ‘ mg per tablet

Internal phase
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[0059] Comparative XRD of pure Raloxifene and Raloxifene in a pharmaceutical composition
produced by "Pyrroplus Manufacturing Process” i1s shown In Fig. 5. The dissolution profile of
the tablet above is illustrated in Table 7.

Table 7: Dissolution results of Composition 3 in aqueous buffer at 50 rom and at pH 1.2

Time (mMin) % Dissolved
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Time (Min) % Dissolved
30 65.14

45 68.68
o0 69.72
90 69.71

+

Example

[0060] Tablet comprising 20mg Atorvastatin (Composition 4)
Table 8: Composition 4 produced by "Pyrroplus Manufacturing Process”

-

Ingredients mg per tablet % content

T EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE N EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEEEEEEEEEE EEE EEE E EE E E T I

Internal phase
Atorvastatin 20 3.0
Pyrrolidone 18.0

I R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R £y I R R R R R R R R R R R R R R R R R R R R R R

Microcrystalline cellulose 100 15.0

Starch 160 24 .0
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Croscarmellose .

-
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External phase
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[0061] The dissolution profile of the tablets above is illustrated in Table 9.
Table 9: Dissolution profile of Composition 4 in aqueous buffer at 50 rpom and at pH 1.2

Time (min) % Dissolved
15 41.92

‘COCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCC.CCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCO.COCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOC<‘CCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCC.CC.CC.CC.CC.CC.CC.CC\

o0 58.37

QCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQC@CCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQC\\CCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQ@CQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQC.

-

+
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Time (Min) ‘ % Dissolved
90 | 58.00

RELLLELLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLE LT K LHLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLELLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL LSS

[0062] From the above dissolution results it 1s obvious that the release rate of the active

Ingredients Is significantly high, facilitating the manufacturing procedure and generating the
provisions of enhanced bioavailability.

[0063] The optimization of the dissolution profile and the enhanced bioavailability of the active
Ingredients achieved by said method offers the opportunity to use it widely in pharmaceutical

production and overcomes the problems caused by the solubility deficiencies of many active
Ingredients.
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Hidtil ukendt fremgangsmade til forbedring af bio-tilgaengeligheden af laegemidler
med lav vandoplgselighed

Patentkrav

1. Farmaceutisk sammensaetning til oral indgivelse, der omfatter en darligt vandoplaselig
aktiv bestanddel valgt blandt Atorvastatin, Leflunomid, Raloxifen og Tadalafil eller et salt
deraf, der er molekyleert adduceret til 2-pyrrolidon, hvilken sammensastning yderligere
omfatter siliciumdioxid, hvor 2-pyrrolidon er til stede i en mangde i omradet fra ca. 15 til
ca. 25 vaegt-%, og siliciumdioxid er til stede i en maengde i omradet fra ca. 5 til ca. 15

vaegt-%.

2. Farmaceutisk sammensatning ifelge krav 1, som yderligere omfatter mindst et

farmaceutisk acceptabelt hjaelpestof valgt blandt bindemidler, desintegrationsmidler,

fortyndingsmidler, glidemidler og smaremidler.

3. Fremgangsmade til fremstilling af faste doseringsformer til oral indgivelse, hvilke
doseringsformer omfatter en darligt vandoplaselig aktiv ingrediens valgt blandt
Atorvastatin, Leflunomid, Raloxifen og Tadalafil eller et salt deraf, der er molekylaert
adduceret til et oplasningsforbedrende middel, som er 2-pyrrolidon, hvilken
fremgangsmade omfatter:

) oplasning og/eller blanding af den aktive bestanddel med mindst et 2-pyrrolidon-
funktionel hjeelpestof, som er 2-pyrrolidon, eventuelt ved omraring;

i) blanding af den opnaede oplasning/blanding med siliciumdioxid og eventuelt tilsaetning
af andre hjaelpestoffer | den indre fase;

i) vad eller tar granulering af den opnaede blanding, eventuelt med ethanol; og eventuelt
terring af den befugtede masse om n@dvendigt,

hvor 2-pyrrolidon er til stede i en maengde i omradet fra ca. 15 vaegt-% til ca. 25 vaegt-%,

og siliciumdioxid er til stede i en mangde i omradet fra ca. 5 vaegt-% til ca. 15 veegt-%.
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