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(57) Cette invention concerne un procédé de préparation
d’une dispersion solide d’un médicament peu soluble,
lequel procédé consiste a chauffer le médicament peu
soluble, un agent inducteur d’état amorphe et un
stabilisateur d’état amorphe, ou encore a effectuer un
traitement mécanique et chimique de ces derniers. Cette
invention concerne ¢galement un procédé de production
d’une dispersion solide d’un médicament peu soluble,
lequel procédé¢ consiste & chauffer 4 haute fréquence le
médicament peu soluble et un stabilisateur d’état
amorphe. Ces procédés permettent de rendre amorphes
des meédicaments peu solubles 4 des températures
inférieures a4 celles auxquelles on a recours dans les
procédés traditionnels. Les dispersions solides de
médicaments peu solubles et amorphes ainsi obtenues
ont un meilleur taux d’adsorption rectal et dans les
muqueuses, ce qui permet d’accroitre  leur
biodisponibilité.

I*I Industrie Canada  Industry Canada

(57) A process for preparing a solid dispersion of a hardly
soluble medicine which comprises heating the hardly
soluble medicine, an amorphism-inducing agent and an
amorphism stabilizer or mechanochemically treating the
same; and a process for producing a solid dispersion of a
hardly soluble medicine which comprises high-
frequency heating the hardly soluble medicine and an
amorphism stabilizer. These processes make it possible
to make hardly soluble medicines amorphous at a
temperature lower than those employed in the
conventional methods. The solid dispersions of the
amorphous hardly soluble medicines thus obtained have
an improved mucosal or rectal adsorption rate, which
makes it possible to elevate their bioavailability.
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ABSTRACT

A process for producing a solid dispersion of a
sparingly water-soluble medical substance which comprises
subjecting the sparingly water-soluble medical substance,
an amorphous state-inducing agent and an amorphous state-
stabilizing agent to heat treatment or mechanochemical
treatment; and

a process for producing a so0lid dispersion of a
sparingly water-soluble medical substance which comprises
high~frequency heating the sparingly water-soluble medical
substance and an amorphous state-stabilzing agent.

These processes make it possible to make sparingly
water-soluble mediéal substance amorphous at a temperature
lower than those employed in the cbnventional methods. The
solid dispersions of the armorphous sparingly water-soluble
medical substances thus obtained have an immmoved‘mucoéal or
rectal absorption rate, which makes it possible to elevate

their bioavailability.
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DESCRIPTION

METHODS FOR MAKING HARDLY SOLUBLE MEDICINE AMORPHOUS

Technical Field

The present invention relates to a technique for
effectively utilizing a sparingly-water soluble medical
substance, particularly to a method for producing a solid
dispersion using a novel method for converting it to the
amorphous state. This technique can be used in the field in
which a medical substance should be eluted, for example, the
fields of agricultural chemicals, perfumery and cosmetics, and

medical treatment, particularly medical treatment.

Background Art

For designing pharmaceutical preparations for oral
administration, it is important to increase biological
availability of sparingly water-soluble medical substance by
improving their solubility and absorptivity from the
viewpoint = of efficacy and - = safety 'of pharmaceutical
preparations. | .

As a measure to increase the biological availability
of a sparingly water-soluble medical substance, there are a
method in which particles of a medical substance are subjected
to supe?ﬁicro—particle powdering and a wettability or a
dispersibility is improved, and a method in which a solubility
of an original medical substance is improved by formation of a
solid dispersion. A method in which a solid dispersion is

formed by rendering a medical substance amorphous attracts
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special attention. The solid dispersion is a substance
obtained by dispersing a medical substance into a carrier in
a monomolecular state. In this dispersion, the medical
substance is retained in a completely amorphous state. In
general, an amorphous form is, compared to a crystal form,
in a high energy state, and 1is therefore expected to have
a high absorptivity.

The methods of producing a solid dispersion are
roughly classified into a solvent method, a melting
method (a heating method), a melting-solvent method, a
mechanochemical method, and the like.

The solvent method comprises dissolving in an organic
solvent both of a medical substance and a water-soluble
polymer base which serves as an amorphous state-stabilizing
agent and then, in the presence of core granules or as it is,
distilling off the solvent to obtain a solid dispersion.
This method is excellent in improvement of solubility of
a sparingly water-soluble medical substance. It is, howeVer,
disadvantageous in that a high production cost 1is required
because a large amount of an' organic solvent is wused and
that there is a case in which fhe solvent femaining in the
pharmaceutical preparation is concerned. ’

The melting method (the heating method) utilizes
depression of the melting point of a mixture of a medical
substance and a water-soluble polymer base which serves as an
amorphous state-stabilizing agent. It comprises kneading both
materials under heating at the temperature lower than their

melting points, allowing the medical substance to disperse in
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a molecular state, followed by cooling, solidifying, and
pulverizing the mixture.

The melting method is excellent in that no organic
solvent is used. However, some sparingly water-soluble
medical substances are not converted to +the amorphous state
sufficiently by adding only an amorphous-state stabilizing
agent as a solid dispersion carrier.

Further, in order to completely convert a medical
substance to the amorphous state, it is necessary to knead
the mixture at a high temperature but lower than the melting
points of the medical substance and the so0lid dispersion
carrier. Thus, there are some cases that not only the medical
substance is decomposed and the carrier is deteriorated
but also the medical substance is not converted to the
amorphous state sufficiently.

For example, in the method where a medical substance
and a water-soluble polymer base which serves as an amorphous
state-stabilizing agent are melted under heating to utilize
depression of the melting point of the mixture, the melting
point is depressed at most abouﬁ‘lO ‘C and a high temperature
is still necessary for the heat tfeatment."ln'addition, since
many polymer bases are originally amorphous, its apparent
melting viscosity is high and micro-dispersity of the medical
substance and the water-soluble polymer is poor. Thus, some
medical substances cannot be converted to the amorphous state
sufficiently.

An attempt has been made to melt a medical substance

under heating together with a low molecular weight compound




CA 02228907 1998-02-06

such as phosphatidylcholine as an amorphous state-inducing
agent 1in place of a water-soluble polymer base as a solid
dispersion carrier. However, in this method, the heat
treatment may possibly cause decomposition and denaturation
of a medical substance. Further, when the temperature of the
heat-treated product is cooled to the room temperature, it is
concerned that the resulting product shows such poor stability
that it hardly keeps its amorphous state.

The mechanochemical method {(treatment) comprises
using mechanical energy such as compression, shearing, and
friction to enhance a medical substance in a solid state to
become amorphous and to improve dispersion of the resulting
amorphous medical substance to the carrier, thereby obtaining
a solid dispersion. Specifically, the treatments includes
mixing and pulverization with a ball mill, treatment with
a planetary mill, treatment with a compression press, mixing
treatment with a shear roll, and the like.

The mechanochemical treatment alone is difficult
to completely convert a sparingly water-soluble medical
substance to the amorphous sﬁate‘ even when an amorphous
state-stabilizing agenf is added fb.é medical’Substance. This
may be because the level of mechanical energy is léw. In such
a case, a specific machine is sometimes required (Japanese
Patent Application Laid-open No. Hei 4-818106).

As described above, it has been desired to develop a
method for obtaining a solid dispersion of a sparingly water-
soluble medical substance in a complete amorphous state

inexpensively compared with the conventional methods in an
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industrial scale.

Disclosure of the Invention

As a result of intensive investigation to overcome
the problems of the conventional methods, the present
inventors have found a method for converting a sparingly
water-soluble medical substance to the amorphous state which
comprises mixing these components of (1) a sparingly water-
soluble medical substance, (2) an amorphous state-inducing
agent and (3) an amorphous state-stabilizing agent, and
subjecting the resulting mixture to heat treatment or
mechanochemical treatment. Further, it has been found that
high~frequency heating is preferred as the heat treatment to
the conventional heating by a heater or steam.

In addition, the inventors have found a method of
converting a sparingly water-soluble medical substance to the
amorphous state which comprises mixing two components of
(1) a sparingly water-soluble medical substance and (3) an
amorphous state-stabilizing agent and subjecting the mixture
to high—freqpency heating.

Furthermore, it is_' 'poséible : to Qroducé a
pharmaceutical preparation of a sparingly watef—soluble
medical substance containing a solid dispersion obtained by
the method of converting the medical substance to the
amorphoué'sate according to the present invention.

The (1) sparingly water-soluble medical substance
used in the present invention is a medical substance that has
extremely low water-solubility and is hardly absorbed from the

intestine, tunica mucosa nasi, rectum, and the 1like. It is
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difficult to improve absorptivity of such medical substances
by the conventional techniques for formulating them into the
pharmaceutical preparations. Absorptivity of these medical

substances can be improved by converting them to the amorphous

state. Examples of the sparingly water-soluble medical
substances include dihydropyridine compounds such as
nifedipine, nicardipine hydrochloride, or the like,
phenacetin, digitoxin,diazepam, phenytoin, tolbutamide,

theophylline, griseofulvin, chloramphenicol, and the like.

The (2) amorphous state-inducing agent used in the
present invention can be any compound capable of depressing
the melting point of the mixture of it with a medical
substance. A crystalline compound is particularly preferred.
This is a compound having functions and properties to change
crystal-lattice energy of a sparingly water-soluble medical
substanceto a direction of low energy and to increase
fluctuation of crystal lattice at the same temperature in the
presence of heat or mechanical energy. The amorphous
state-inducing agent varies depending on the sparingly water-
soluble medical substance to be‘ used. For example, it is
preferable to use a néutral substénée or an écidic'substance,
particularly an acidic substance in the case of ’ a) a basic
sparingly water-soluble medical substance, and a neutral
substance. or a basic substance, particularly a basic substance
in the case of b) an acidic sparingly water-soluble medical
substance.

Specific examples of the amorphous state-inducing

agents include amino acid or its salt (such as aspartic acid
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or its Na salt, Mg salt, or the 1like, glycine, alanine,
glutamic acids, glutamic acid hydrochloride, or the 1like),
Aspartame, erythorbic acid or its salt (such as an Na salt or
the like), ascorbic acid or its salt (such as an Na salt or
the like), stearic acid ester, aminoethylsulfonic acid,
inositol, ethylurea, citric acid or its salt (such as an Na
salt, e.g., tri Na salt, di Na salt, dihydrogen Na salt, etc.,
a Ca'salt or the like), glycyrrhizinic acid or its salt (such
as an Na salt, e.g., tri Na salt, di Na salt, etc.,
an ammonium salt, e.g., diammonium, monoammonium, etc.,
a K salt, or the 1like), gluconic acid or its salt (such as
an Na salt, a Ca salt, an Mg salt, or the like), creatinine,
salicylic acid or its salt (such as an Na salt or the 1like),
tartaric acid or its salt (such as an Na salt, a K- Na salt,
a hydrogen. K salt, or the like), succinic acid or its salt
(such as Na salt, e.g., di Na salt, mono Na salt, etc.),
calcium acetate, sodium saccharin, aluminum hydroxide,
sorbic acid or its salt (such as a K salt or the 1like),
dehydroacetic acid or its salt (such as an Na salt or the
like), sodium thiomalate, nicotinic'acid amide, urea, fumaric
acid or its salt (such.as an Na’éélt or thevlike),'macrogols,
maltose, maltol, maleic acid, mannitol, meglumine, sodium
desoxycholate, phosphatidylcholine and the 1like.

Preferable examples thereof include amino acid or

its salt (such as aspartic acid or its Na salt, Mg salt,

or the like, glycine, alanine, glutamic acids, glutamic acid
hydrochloride, or the like), ascorbic acid or its salt

(such as an Na salt or the 1like), stearic acid ester,
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aminoethylsulfonic acid, ethylurea, citric acid or its salt
(such as an Na salt, e.g., tri Na salt, di Na salt, dihydrogen
Na salt, etc., a Ca salt, or the like), glycyrrhizinic acid or
its salt (such as an Na salt, e.g., tri Na salt, di Na salt,
etc., an ammonium salt, e.g., diammonium, monoammonium, etc.,
a K salt, or the like), creatinine, tartaric acid or its salt
(such as an Na salt, a K. Na salt, a hydrogen- K salt, or
the 1like), succinic acid or its salt (such as an Na salt,
e.g., di Na salt, mono Na salt, etc.), urea, fumaric acid or
its salt (such as an Na salt or the 1like), macrogols, maltose,
maltol, mannitol, meglumine, and the like.

More preferably, the amorphous state-inducing agents
inciude amino acid or its salt (such as aspartic acid or its
Na salt, Mg salt, or the like salt, glycine, alanine,
glutamic acids, glutamic acid hydrochloride, and the 1like),
ethylurea, glycyrrhizinic acid or its salt {such as an
Na salt, e.g., tri Na salt, di Na salt, etc., an ammonium
salt, e.g., diammonium, monoammonium, etc., a K salt, or the
like), tartaric acid or its salt (such as an Na salt, a K- Na
salt, a hydrogen- K salt, or the like), succinié acid or its
salt such as an Na salt (e.g., vdi‘ Na salt, mono ‘Na salt,
etc.), urea, maltose, maltol, mannitol, meglumiﬁe, and the
like.

.Most preferably, the agents are glycyrrhizinic acid
or its salt (such as an Na salt, e.g., tri Na salt, di Na
salt, etc., an ammonium salt, e.g.,'diammonium, monoammonium,
etc., a K salt, or the like), succinic acid or its salt (such

as an Na salt, e.g., di Na salt, mono Na salt, etc.), urea,
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maltol, mannitol, and the like.

Depression of melting point of the mixture of the
amorphous state-inducing agent and the sparingly water-soluble
medical substance varies depending on the sparingly water-
soluble medical substance to be mixed. It is preferable to
use a compound which can depress the melting point of the
mixture to 5 € or more from that of the sparingly water-
soluble medical substance.

It is more preferable to use a compound which can
depress the melting point of the mixture of thé amorphous
state-inducing agent and the sparingly water-soluble medical
substance to 15 °C or more, particularly 25 °C or more, £from
the melting point of the sparingly water-soluble medical
substance.

In the case of the high-frequency heating, the
sparingly water-soluble medical substance can be converted to
the amorphous state by heating the mixture of the sparingly
water-soluble medical substance and the amorphous state~
stabilizing agent under high frequency without using the
amorphous state-inducing agent.“ AS a mattgr of course, the
mixture of the threé componenté ‘containing the amorphous
state-inducing agent can also provide satisfacfory results
when subjected to high-frequency heating.

. Following that the crystalline structure of the
spariany water-soluble medical substance is fluctuated by
the amorphous state-inducing agent, the amorphous state-
stabilizing agent interacts with the fluctuated state of the

crystal lattice to stabilize the amorphous state.
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Accordingly, any amorphous state-stabilizing agent
can be used 1in the present invention as 1long as it has
the above-described function. In other words, any compound
having a functional group capable of interacting with the
sparingly water-soluble medical substance can be used as the
amorphous state-stabilizing agent. It is preferable to use
a highly thermostable compound having a functional group
that 1is £flexible and highly miscible with the sparingly
water-soluble medical substance, for example, the following
amorphous polymer Dbase. The compound miscible with the
sparingly water-soluble medical substance means the
compound having solubility parameter (Solubility Parameter:
Encyclopedia of Polymer Science and Engineering, vol. 15,
p. 393, John Wiley & Sons,Inc. 1989) close to that of the
sparingly water-soluble medical substance. More preferably,
the amorphous state-stabilizing agent is highly miscible with
not only the sparingly water-soluble medical substance
but also the amorphous state-inducing agent.

In addition, the functional group of the amorphous
state-stabilizing agent which conducts interacting action. with
and is selected depending on fhe sparingly water—soluble
medical substance to be used. For example, it ie preferably
to select a neutral substance or an acidic substance,
particularly an acidic substance, in the case of a) a basic
sparingly water—-soluble medical substance and a neutral
substance or a basic substance, particularly a basic
substance, in the case of b) an acidic sparingly water-

soluble medical substance.

1 0
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Examples of" (3) the amorphous state-stabilizing
agents used in the present invention include cellulose

derivatives {such as hydroxyethylcellulose, hydroxypropyl-

methylcellulose (HPMC), hydroxypropylcellulose (HPC),
hydroxypropylmethylcellulose-acetate succinate (HPMC-AS),
methylcellolose, ethylcellulose, carboxymethylcellulose,
phthalic acetate cellulose, or the like), polyvinyl
pyrrolidone, cross-linked polyvinyl pyrrolidone, polyvinyl
alcohol, polyvinyl acetate, vinyl alcohol/vinyl acetate
copolymer, ethylene/vinyl acetate copolymer, polvethylene

oxide derivatives (such as polyethylene glycol, polyoxy
ethylene polyoxy propylenecetyl ether, polyoxy ethylene alkyl
ether, pPoOlyoxy ethyleneoctyl phenyl ether, polyoxy
ethyleneoleyl amine, polyoxy ethyleneoleyl ether, polyoxy
ethyleneoleyl ether sodium phosphate, polyoxy ethylene
hydrogenated castor oil, polyoxy ethylene stearyl ether,
pPolyoxy ethylene stearyl ether phosphoric acid, polyoxy
ethylene cetyl ether, polyoxy ethylene cetyl ether sodium
phosphate, polyoxy ethylene sorbitol bees wax, polyoxy
ethylenenonﬁl phenyl ether, bdlydxy ethy;ene castor oil,
polyoxy ethylenebehenyl ether, . bblyoxy ‘ éfhylené4 polyoxy
propyleneglycol, polyoxy ethylene polyoxy pfopylenecetyl
ether, pPolyoxy ethylene lauryl ether, polvoxyethylene
lanoline, . polysorbate 40, polysorbate 60, polysorbate 65,
polysorbate 80, or the 1like), sodium polystyrene sulfonate,
gelatin, soluble starch, pullulan, dextran, gum arabic,
chondroitin sulfuric acid or its Na salt, hyaluronic acid,

pectin, chitin, chitosan, o, 8 or v -cyclodextrin, alginic
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acid derivatives (such as alginic acid, its Na salt, propylene
glycol ester, or the 1like), acryl resins (such as homopolymer
of methacrylic acid derivative and/or acrylic acid
derivative, e.g., methacrylic acid, methyl methacrylate, butyl
methacrylate, dimethylaminoethyl methacrylate, ethyl trimethyl
chloride ammonium methacrylate, acrylic acid, ethyl acrylate,
etc. and copolymer of methacrylic acid derivative and/or
acrylic acid derivative, e.g., aminoalkyl/methacrylate
copolymer, methylmethacrylate/methacrylic acid copolymer,
methacrylic acid/ethyl acrylate copolymer, methacrylic
acid/n-butyl acrylate copolymer, acrylic acid ester/vinyl
acetate copolymer, 2-ethylhexyl acrylate/vinyl pyfrolidone
copolymer, starch acrylate, etc.) and polyvinyl acetal
diethylaminoacetate and the like.

In addition, compounds capable of forming gel, such
as silicon dioxide, aluminum hydroxide, or the 1like, can be
also used as the amorphous state-stabilizing agent according
to the present invention.

Preferable examples of the amorphous state-
stabilizing °~ agents include hydro:v:ye'thylc.eAllul‘ose, hydroxy-
propylmethylcellulose (HPMC), 'hj('dréxypropj{lc'éllulo’;se (HPC),
hydroxypropylmethylcellulose-acetate succinate ' (HPMC~AS),
polyvinyl pyrrolidone, sodium polystyrenesulfonate, dextran,
a, B or. v -cyclodextrin, acrylic resins (such as homopolymer
and/or copolymer of methacrylic acid derivative and/or acrylic
acid derivative, e.g., methacrylic acid, methyl methacrylate,
butyl methacrylate, dimethylaminoethyl methacrylate, ethyl

trimethyl chloride ammonium methacrylate, acrylic acid, ethyl

1 2
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acrylate, etc.), and polyvinyl acetal diethylamino acetate and
the like.

More preferably, the amorphous state-stabilizing
agents include hydroxypropylmethylcellulose (HPMC),
hydroxypropylmethyl cellulose-acetate succinate (HPMC-AS),
polyvinyl pyrrolidone, acrylic resins (such as homopolymer
and/or copolymer of methacrylic acid derivative and/or acrylic
acid derivative, e.g., methacrylic acid, methyl methacrylate,
butyl methacrylate, dimethylaminoethyl methacrylate, ethyl
trimethyl chloride ammonium methacrylate, acrylic acid, ethyl
acrylate, etc.), and polyvinyl acetal diethylamino acetate and
the like.

Sort and ratio of compounding (1) the sparingly
water-soluble medical substance, (2) the amorphous state-
inducing agent, and (3) the amorphous state-stabilizing agent
used in the present invention can be appropriateiy selected
depending on the sparingly water-soluble medical substance to

be used. The weight ratio of (1) : (2) : (3) is generally

1 : (0.1-10) : (0.1-10), preferably the (1) : (2) : (3) being
1 : (0.3-3) : (0.3-8), and moreApreferably the (1) : (2) : (3)
being 1 : (0.3-2) : (0.5-5). | -

The so0lid dispersion of the sparingly Qater-soluble
medical substance according to the present invention can be
obtained. by granulating (mixing) the essential components,
(1) the sparingly water-soluble medical substance, (2) the
amorphous state-inducing agent, and (3) the amorphous state-
stabilizing agent, by means of the wet or dry method, at the

same time or after the mixing, heat-treating the mixture at

13
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the temperature that is not less than the temperature at which
the amorphous state-induction initiates and that the sparingly
water-soluble medical substance is not deteriorated by
decomposition, or subjecting the mixture to the mechanical
treatment under the same energic conditions as +the heat
treatment. In this occasion, the mixture is preferably heated
at the temperature not more than the melting point of the
sparingly water-soluble medical substance. The temperature
is closest to the amorphous state~induction initiating
temperature as much as possible. If the heating temperature
is iower, for example, 5 to 10 € lower than the amorphous
state-induction initiating temperature, conversion to the
amorphous state does not proceed sufficiently.

The amorphous state-induction initiating temperature
means the endothermic reaction initiating temperature (peak
rise temperature) which is observed when 10 mg of the sample
of the mixture (1 : 1) of the sparingly water—-soluble medical
substance and the amorphous state-inducing agent is measured
at the temperature rising rate 10 °C /minute using a
differentiai' scanning calorimete::.j ‘(DS‘C)';

The granulation (mixing) doés not require a"ny‘ special
means and is conducted using a universal mixer, Ja fluidized
bed granulation machine, a dash mill, a wet granulation
machine,. a roller compacted granulation machine or the 1like.
The héat treatment may be carried out together with the
granulation. Alternatively, the heat treatment may be carried
out after the granulation by the usual heating method, such

as heating by a heater, steam, infrared rays, extreme
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infrared rays, or the 1like, using, for example, a hot air
dryer, a fluidized bed dryer, a gyro-dryer, a powder dryer,
or the like.

The conversion to the amorphous state can be conducted
also by the mechanochemical treatment with not only the heat
in the heat treatment, but also mechanical energy of
compression, shearing, friction or the 1like as an energy to
be added. For example, the conversion to the amorphous state
can also be conducted, without heating the above-mentioned
essential components, only through the mechanochemical
treatment such as pulverization with a ball mill, treatment
with a planetary mill, treatment with a compression press,
treatment with a shear roll, treatment with a kneader or the
like. This method makes it easy to control formation of
thermal decomposed substance.

In addition, it 1is possible to apply oscillation
energy such as ultrasonic wave, or electromagnetic energy such
as electrical field, magnetism, or the 1like, as energy to
fluctuate the crystal lattice of the sparingly water-soluble
medical substance in the three—cém’ponent mixture.

Either the heét' treatménf .o‘r the 'tréatmeni: ‘with the
mechanical energy under the same energy conditJ:.ons as the
heat treatment can be carried out at the amorphous
state-induction temperature. The treatment time required for
conversion to the amorphous state ranges generally from 20 to
120 minutes, preferably 30 to 90 minutes, in the case of the
heat treatment, and generally from 1 to 20 minutes,

preferably 3 to 10 minutes, in the case of the mechanical

15
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energy treatment, in view of gquality control, homogeneity,
and energy saving.

The heat treatment can be effected by wusing high
frequency heating as well as the above—~described heating
methods.

The high-frequency heating according to the present
invention can be carried out by any of high-frequency
dielectric heating, radiofrequency inductive heating, plasma
heating, and the 1like, with being high-frequency dielectric
heating particularly preferred.

The frequency zone can be selected depending on a
substance to be hea}ted. Microwave heating using a microwave
zone 1is especially preferable. Four frequencies which are
distributed as IsM {Industrial, Scientific and Medical)
frequencies under the Wireless Telegraphy Act, namely, 915,
2450, 5800 and 22125 MHz can be used as the frequency in the
microwave heating. Generally, the frequency, 915 or 2450 MHz
can be used.

The microwave heating can be conducted using an oven
system (electronic oven system  o‘r .éon'veyor system)‘ or a wave
guide system depending on a shape o-f‘é substance to be heated.

In the case of high-frequency heating, fhe amorphous
state-inducing agent is not an essential component.
Sort and rate of compounding the other two components,

(1) the sparingly water-soluble medicl substance 'and (3) the

amorphous state—s'tabilizing agent, are generally (1) : (3) =
1 : (0.1-10), preferably the (1) : (3) being 1 : (0.3-8),

more preferablythe (1) : (3) being 1 : (0.5-5) though they
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are appropriately selected depending on the sparingly water-
soluble medical substance to be used.

In this case, the so0lid dispersion of the sparingly
water-soluble medical substance can be obtained by granulating
(mixing) (1) the sparingly water-soluble medical substance and
(3) the amorphous state-stabilizing agent by the wet or dry
method, and simultaneously or thereafter, conducting
high-frequency heating.

The treatment time required for conversion to the
amorphous state ranges from 3 to 40 minutes, preferably 5 to
30 minutes, in the case of the batch treatment, in view of
quality control, homogeneity, and the 1like though it varies
depending on high frequency power. The treatment required in
the continuous treatment using the conveyer system can be
calculated from the energy necessary for converting to the
amorphous state in the batch treatment. In the case of the
high-frequency heating, a highly homogeneous solid dispersion
can be obtained for a short period of time compared with the
usual heat treatment.

Thé granulation (mixing) is conducted ' by using
a universal mixer, é fluidiZea bed gtanﬁlatioﬁ - machine,
a dash mill, a wet granulation machine, a rollér compacted
granulation machine or the 1like, without the necessity of
special . measures. The granulation may be effected
simultaneously with ¢the usual heat treatment or the above-
described mechanochemical treatment, such as pulverization
with a ball mill, treatment with a planetary mill, treatment

with a compression press, treatment with a shear roll,
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treatment with a flow coater, treatment with a kneader, or the
like. Alternatively, after granulation, the usual heat
treatment using a hot air drvyer, a fluidized bed dryer,
a gyro-dryer, a powder dryer, and the 1like, or the above-
described mechanochemical treatment may be carried out.

Further, it is possible to perform the heat
treatment, the high-frequency heating, and the mechanochemical
treatment in combination.

For the conversion of the sparingly water-~soluble
medical substance to the amorphous state according to the
present invention, it is possible fo contain water, a
surfactant, an antioxidant; a preservative, a stabilizer, and
the like components other than the three components, (1) the
sparinly water-soluble medical substance, (2) the amorphous
state-inducing agent, and (3) the amorphous state-stabilizing
agent to effectthe conversion to thé amorphous state.
Further, with respect to (2) the amorphous state-inducing
agent and (3) the amorphous state-stabilizing agent, it is
possible to incorporate one component or two or more
components fb allow the conversidn to the amo:phous state.

In the process for producing the solid "dispersion
obtained by the method of conversion to the armofphous state
and the oral administration containing the so0lid dispersion
in the. . present invention, it is possible to add a
pharmaéeutical excipient (for example, crystalline cellulose
and lactose), a disintegrant, a lubricant and/or a colorant
which are generally known in the field of preparations, as

required.
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Best Mode for Carrying Out the Invention

The following Examples will be given to demonstrate
the necessity of the three essential components (1) the
sparingly water-soluble medical substance, (2) the amorphous
state-inducing agent and (3) the amorphous state-~stabilizing
agent, the heat or mechanochemical treatment, and the
necessity of the high-frequency heating of (1) the sparingly
water—-soluble substance and (3) the amorphous state-

stabilizing agent in the present invention.

Test Method 1

Ten mg of a sample is measured with a differential
scanning calorimeter (DSC) at a temperature rising rate of
10 C /minute. The temperature at the tip of the endothermic
peak 1is regarded as the melting point. The mixture of a
sparingly water-soluble medical substance and an amorphous
state~-inducing agent (1:1) is used as a sample and the
endothermic reaction initiating temperature (peak rise
temperature) which is observed when measured using a
differential: scanning calorimetér (DSC) is regarded as the

amorphous state—induction'initiating temperaturé.

Test Method 2

Crystallinity is determined by measuring powder ZX-ray
diffraétometry. A sample of the three component mixture
containing a sparingly water-soluble medical substance, an
amorphous state-inducing agent and an amorphous state-

stabilizing agent is subjected to powder X-ray diffractometry

19
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to read a diffraction intensity (S0) at a diffraction angle
of 26 derived from crystals of the sparingly water-soluble
medical substance. Similarly, the diffraction intensity (S1)
is measured for the sparingly water-soluble medical substance
in the sample which has been subjected to the heat treatment
or the like to plot S0 as abscissa axis and S1 as ordinate
axis, per corresponding crystal peak. One hundred times the
slope approximated by the regression line passing through the
origin is taken as crystallinity (%). For example, when
crystallinity does not change, namely keeps 100%, the angle of
elevation of the regression line is 45° and the slope is 1.

When crystallinity is 10%, the slope is 0.1.

Example 1

Five g of water was added to a mixture of 10 g of
nifedipine, 10 g of succinic acid, and 20 g of HPMC-AS. The
resulting mixture was subjected to wet granulation and heated
at 160 € for 1 hour to obtain a solid dispersion. The thus-
obtained solid dispersion did not show the peak derived from
crystals éf nifedipine. Th'is was pulverized by . the
conventional method.  The mel'tihg point of nifedipine was
175 €, that of succinic acid was 192 °C, and -that of the
mixture of nifedipine and succinic acid was 167 *C . The

amorphous . state induction initiating temperature was 158 C .

Example 2
A mixture of 150 g of nicardipine hyrochloride, 100 g

of urea, and 150 g of hydroxypropylmethylcellulose (HMPC) was
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heat-treated with a hot air dryer at atmospheric pressure and
at 115 °C for 1 hour to obtain a solid dispersion. The
resulting solid dispersion did not show the peak derived from
crystals of nicardipine hydrochloride.

The melting points of nicardipine hydrochloride,
urea, andthe mixture of nicardipine hydrochloride and urea
were 170 C, 137 °C and 129 °C , respectively. The amorphous
state induction initiating temperature was 115 °C .

After adding 100 g of crystalline cellulose and 100 g
of lactose to 300 g of the solid dispersion, the mixture was
subjected to dry granulation by the conventional method and

tabletted to obtain solid tablets.

Example 3

A mixture of 3 g of nicardipine chloride, 1.5 g of
urea, and 5.5 g of HPMC was treated with a high-speed
planetary millat 100 G for 3 minutes. As a result of powder
X-ray diffractometry, no peak derived from crystals could be

observed.

Example 4

Instead of the heat treatment at 160 T)' for 1 hour
in Example 1, the mixture was heat-treated by microwave for 20
minutes . (700 W) using a microwave dryer (frequency of 2450
MHz) ‘to obtain a so0lid dispersion. The resulting solid
dispersion was amorphous without showing the peak derived

from crystals of nifedipine.
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Example 5

To 20 g of water were added 20 g of nicardipine
hydrochloride, 40 g of Thydroxypropylmethylcellulose-acetate
succinate (HPMC-AS) followed by wet granulation. The
resulting product was heated by microwave (700 W) for 18
minutes using a microwave dryer (frequency of 2450 MHz) to
obtain a solid dispersion. The resulting solid dispersion
did not show a peak derived from crystals of nicardipine
hydrochloride.

After adding 50 g of crystalline cellulose and 50 g
of lactose to 50 g of the solid dispersion, the mixture was
subjected to dry' granulation by the conventional method and

tabletted to obtain solid tablets.

Example 6

Five g of water was added to 3 g of tolbutamide and
6 g of hydroxypropylmethylcellulose-acetate succinate
(HPMC-AS) and mixed in a mortar. The resulting mixture was
heat-treated by microwave for 20 minutes (500 W) using
a microwave  dryer (frequency of'24SOZkHz) to obtain a solid
dispersion. The thus-obtained sélid dispersion did not show

a peak attributéd to crystals of tolbutamide.

Example 7

Five g of theophylline, 2 g of succinic acid, and
15 g of polyvinyl pyrrolidone were subjected to dry
granulation and heat treatment by microwave for 20 minutes

(500 W) using a microwave dryer (frequency of 2450 kHz) to
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obtain a solid dispersion. The resulting solid dispersion did

- not show a peak attributed to crystals of theophylline.

Comparative Example 1

The procedure of Example 1 was repeated except that

anyone of the following in Example 1 was altered.

1-A: only exclusive of succinic acid (the amorphous state-
inducing agent)
1-B: only exclusive of HPMC-AS (the amorphous state-
stabilizing agent)
1-C: heat-treated at 140 C (which is lower than the
amorphous state induction initiating temperature of
158 € )
In each case, the sample was not completely converted
to the amorphous state and was not a complete solid

dispersion.

Crystallinity of nifedipine
Example 1: No peak derived from cfystals could be obServed.
Comparative Example 1-A: 50% ‘
Comparative Example 1-B: A powder X-ray diffractometory peak
different from that of nifedipine was observed.

Comparative Example 1-C: 100%

Comparative Example 2

The procedure of Example 2 was repeated except that
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any one of the following in Example 2 was altered.
2-A: only exclusive of urea (the amorphous state-inducing
agent)
2-B: only exclusive of HPMC (the amorphous state-stabilizing
agent)
2-C: heat-treated at 100 °C (which is lower than the
amorphous state induction initiating temperature of
115 C )
In each case, the sample was not completely converted
to the amorphous state and was not a complete solid

dispersion.

Crystallinity of nicardipine hydrochloride

Example 2: No peak derived from crystals could be observed.
Comparative Example 2-A: 85%

Comparative Example 2-B: A powder X-ray diffractometry
different from that of nicardipine hydrochloride was observed.

Comparative Example 2-C: 95%

Comparative 'Example 3

The same procedure as in Example 3 was conducted
except for excluding urea (the amorphous state-inducing
agent). As a result of powder X-ray diffractometry,

crystallinity was 80%.

Comparative Example 4

The same procedure as in Example 2 was conducted

except for heat treating at 115 C for 1 hour using a hot air




CA 02228907 1998-02-06

dryer in place of the heat treatment by microwave of the
Example 5.
Crystallinity of nicardipine hydrochloride was 70%

and the product was not a complete so0lid dispersion.

Industrial Applicability

Since the present invention is constituted as
described above, a sparingly water-soluble medical substance
can be produced as an amorphous solid dispersion. Thus, it is
expected to increase biological availability of a sparingly
water-soluble medical substance by improving its solubility

and absorptivity.
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CLAIMS

1. A method for producing a solid dispersion of a
sparingly water-soluble medical substance cﬁaracterized by
comprising subjecting a sparingly water-soluble medical
substance, an amorphous state-inducing agent and an amorphous
state~stabilizing agent +to heat treatment or mechanochemical

treatment of them.

2. A method for producing a solid dispersion of a
sparingly water-soluble medical substance as claimed in

claim 1, wherein the heating is high-frequency heating.

3. A method for producing a so0lid dispersion of a
sparingly water-soluble medical substance characterized by
comprising high~-frequency heating treatment of a sparingly
water-soluble medical substance and an amorphous state-

stabilizing agent.

4. E A method for producing ‘a so_lj.d dispersion of a
sparingly water—solubie“ medicalh substance "as élaimed in
claim 1, wherein the amorphous state—induciné agent is
amino acid or its salt, Aspartame, erythorbic acid or its
salt, ascorbic acid or its salt, stearic acid ester,
aminoethylsulfonic acid, inositol, ethylurea, citric acid or
its salt, glycyrrhizinic acid or its salt, gluconic acid or
its salt, creatinine, salicylic acid or 1its salt, tartaric

acid or its salt, succinic acid or its salt, calcium acetate,
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sodium saccharin, aluminum hydroxide, sorbic acid or its salt,
dehydroacetic acid or its salt, sodium thiomalate, nicotinic
acid amide, urea, fumaric acid or its salt, macrogols,
maltose, maltol, maleic acid, mannitol, meglumine, sodium

desoxycholate or phosphatidylcholine.

5. A method for producing a solid dispersion of a
sparingly water-soluble medical substance as claimed in
claim 1, wherein the amorphous state-stabilizing agent is
cellulose derivatives, polyvinyl pyrrolidone, cross-linked
polyvinyl pyrrolidone, polyvinyl alcohol, polyvinyl acetate,
vinyl alcohol/vinyl acetate copolymer, ethylene/vinyl acetate

copolymer, polyethylene oxide derivatives, sodium polystyrene

sul fonate, gelatin, soluble starch, pullulan, dextran,
gum arabic, chondroitin sul furic acid or its Na salt,
hyaluronic acid, pectin, chitin, chitosan,a , B or vy -
cyclodextrin, alginic acid derivatives, acryl resins,

polyvinyl acetal diethylaminoacetate, silicon dioxide or

aluminum hydroxide.

6. A method for producing a solid.dispérsion of a
sparingly water—-soluble medical substance as 'claimed in
claim 3, wherein the amorphous state-stabilizing agent is
céllulose‘ derivatives, polyvinyl pyrrolidone, cross-1linked
polyvinyl pyrrolidone, polyvinyl alcohol, polyvinyl acetate,
vinyl alcohol/vinyl acetate copolymer, ethylene/vinyl acetate
copolymer, polyethylene oxide derivatives, sodium polystyrene

sul fonate, gelatin, soluble starch, pullulan, dextran,
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gum arabic, chondroitin sulfuric acid or its Na salt,
hyaluronic acid, pectin, chitin, chitosan,a , @8 or v -
cyclodextrin, alginic acid derivatives, acryl resins,
polyvinyl acetal diethylaminoacetate, silicon dioxide or

aluminum hydroxide.

7. A pharmaceutical preparation characterized by
containing a so0lid dispersion of the sparingly water-soluble
medical substance obtained by any one of the methods as

described in claims 1 to 6.
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