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Description

TECHNICAL FIELD

[0001] The present invention relates to a process for
processing alginic acid, which has conventionally been
used as a thickening agent, a gelatinizing agent and a
stabilizing agent in the fields of foods, pharmaceuticals
and cosmetics, into a water-insoluble spherical micro-
particle aggregate applicable to other new fields includ-
ing chemical industries and agriculture as well as the
above-mentioned conventional fields; and an aggregate
of multivalent metal alginate microparticles produced by
the process. In particular, the present invention relates
to an aggregate of multivalent metal alginate micropar-
ticles which is suitable as a carrier of a controlled-re-
lease preparation and a process for producing the ag-
gregate. More specifically, the present invention relates
to a controlled-release preparation which comprises ag-
gregates of multivalent metal alginate microparticles as
a carrier and a slightly soluble medicament having a
slow dissolution rate carried on the aggregates and
which can release the medicament rapidly in the upper
part of the small intestine, and a process for producing
the controlled-release preparation.

BACKGROUND ART

[0002] In the conventional pharmaceutical prepara-
tions for oral administration which contains a slightly sol-
uble medicament, the medicament shows a small dis-
solution rate in the digestive tract. Therefore, the
amount of the dissolved medicament per a certain time
of period is small, the absorption of the medicament
through the digestive tract is delayed, and the amount
of the medicament absorbed through the digestive tract
per hour becomes small, resulting in slow absorption in
a living body and a low bioavailability. In these situa-
tions, improvement in solubility of the slightly soluble
medicament has been desired for effective manifesta-
tion of the efficacy and the quick-acting nature of the
medicament.
[0003] As examples of the methods previously pro-
posed for improving the solubility of a slightly soluble
medicament, Japanese Patent No. 2516524 discloses
a method for reducing the particle size of and amorphiz-
ing a slightly soluble, crystalline medicament (e.g.,
nifedipine, indomethacin); and Japanese Patent Appli-
cation Laid-open Publication No. 54-2316 discloses a
method for preparing powders or granules from solid
dispersions comprising nifedipine and polyvinylpyrro-
lidone, which comprises dissolving nifedipine and poly-
vinylpyrrolidone in an organic solvent (e.g., methanol)
to give a solution and then removing the organic solvent
therefrom.
[0004] Among the commercially available nifedipine
preparations, a preparation in which poly(ethylene gly-
col) is used to form a solid dispersion of nifedipine is

"Adalat" (Bayer); and a preparation in which nifedipine
is dissolved in an organic solvent and coated on lactose
is "Sepamit" (Kanebo, Ltd.).
[0005] As a example of amorphization, Japanese Pat-
ent Publication No. 54-29565 discloses a method com-
prising adding a plurality of medicaments including a
slightly soluble base medicament into a β-1,4-glucane
and co-ground the medicaments. In this method, the β-
1,4-glucane used is a microcrystalline cellulose "Avicel"
(a trade name, Asahi Chemical Industry Co., Ltd.); ex-
amples of the slightly soluble base medicament are
phenacetin, phenoxymethyl penicillin and phenobarbi-
tal; examples of the other medicaments simultaneously
used with the base medicament are slightly soluble cor-
tisone acetate, soluble tetracycline hydrochloride and
water-soluble pyridoxine hydrochloride; the grinding ap-
paratus for co-grinding of the medicaments is one hav-
ing mechanisms for mechanically crushing and grinding
the medicaments into a microcrystalline form, such as
a ball mill; and the co-grinding is continued until the crys-
talline substances cause no diffraction peak specific to
the crystalline substances, that is, from several hours to
10-odd hours which is required for complete amorphiza-
tion.
[0006] Methods for preparing a solid dispersion of
nifedipine with an organic solvent are disclosed in Jap-
anese Patent Application Laid-open No. 54-2316 (su-
pra) and Japanese Patent Publication No. 3-7645.
[0007] A method for improving the dissolution rate of
a slightly soluble medicament is disclosed in Japanese
Patent Publication No. 5-66364 in which a slightly solu-
ble medicament and a water-soluble polymer are fed to
a twin-roll mill (which is equipped with horizontal two
rolls which rotate in opposing directions to each other)
through a gap between the rolls while rotating the rolls,
and kneaded by the rotation of the rolls.
[0008] A method for preparing an easy-absorbable
nifedipine preparation which is stable to moisture is dis-
closed in Japanese Patent Publication No. 3-28404, by
which it becomes possible to improve the dissolution
properties, particular dissolution rate, of nifedipine in
water and, thereby, to produce a preparation stable to
moisture compared to the conventional solid solution
powdery preparations containing polyvinylpyrrolidone.
[0009] This method comprises the steps of granulat-
ing a pharmaceutical additive (e.g., lactose) and a wa-
ter-soluble binder (e.g., polyvinylpyrrolidone) to give a
water-soluble fine particulate carrier, spraying a solution
of nifedipine and either hydroxypropylmethylcellulose or
methylcellulose in a solvent (e.g., ethanol) on the carri-
er, and then drying the sprayed carrier. The nifedipine
preparation provided by this method is one in which
nifedipine is coated in the form of a solid dispersion. The
preparation thus produced is easy-to-dissolve or easy-
to-absorb and is stable to moisture.
[0010] A medicament complex comprising a base
medicament hardly soluble to water (e.g., phenacetin)
which is carried on the surface of a modified starch (e.
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g., pregelatinized starch), is disclosed in Japanese Pat-
ent Publication No. 7-47548. In this patent publication,
it is described that the dissolution rate of the base med-
icament of the medicinal complex is increased as deter-
mined by the dissolution test (the second solution, pH
6.8) of the base medicament performed in accordance
with the paddle method described in the Japanese Phar-
macopoeia Tenth Edition, and thereby the solubility of
the base medicament is improved.
[0011] A method for improving the dissolution proper-
ties of a crystalline medicament that is intestinally slight-
ly soluble to the intestinal juice is disclosed in Japanese
Patent Application Laid-open No. 6-227969. This meth-
od comprises the steps of dissolving an enteric polymer
(e.g., calboxymethylethylcellulose; a product of FRE-
UND INDUSTRIAL CO., LTD.) with a mixed solvent of
methylene chloride and ethanol to give a solution, dis-
persing indomethacin particles (mean particle diameter:
10µm) or mefenamic acid particles (mean particle diam-
eter: 27 µm) in air as the crystalline medicament parti-
cles slightly soluble to the intestinal juice, spraying the
above-prepared solution to the particles to adhere the
enteric polymer on the particles, and drying the parti-
cles.
[0012] A method for improving the dissolution proper-
ties of a crystalline medicament slightly soluble to water
is disclosed in Japanese Patent Application Laid-open
No. 7-112928. This method comprises the steps of dis-
solving nifedipine (mean particle diameter: 20 µm) into
ethanol to give a solution, spraying the solution to a hy-
drophilic substance (e.g., lactose; mean particle diam-
eter: 5-10 µm) to make carry the medicament (i.e., nifed-
ipine) on the hydrophilic substance, granulating the
medicament-carried hydrophilic substance together
with a water-soluble polymer (e.g., hydroxypropyl cellu-
lose) as a binder.
[0013] Alginate gel beads are disclosed in Japanese
Patent Application Laid-open No. 2-167220, where a
sustained-release preparation is described in which a
basic medicament (e.g., nifedipine) is included in the al-
ginate gel beads. In this patent application, the sus-
tained-release preparation is produced by adding a sus-
pension of the basic medicament in a sodium alginate
solution to a calcium chloride solution dropwise through
a nozzle, keeping the solution to stand, thereby forming
alginate gel beads as the sustained-release prepara-
tion. In this case, the obtained alginate gel beads are
assumed to be converted to calcium alginate gel beads.
[0014] Japanese Patent Application Laid-open No.
5-39228 discloses calcium alginate beads containing
nifedipine, which is prepared by adding an alginic acid
propylene glycol ester and/or sodium alginate to water
to give a solution, adding the solution to a calcium chlo-
ride solution dropwise through a nozzle, stirring the so-
lution, keeping the resultant solution to stand for 72
hours, washing the solution with water, drying the solu-
tion in air, and then further drying the resultant in vacuo
at room temperature. The beads thus prepared act as

a sustained-release preparation, and is assumed to take
a gel form.
[0015] Japanese Patent Application Laid-open No.
5-222208 discloses perfectly spherical calcium alginate
beads in which alginic acid is ion-crosslinked via biva-
lent metal ions such as calcium ions and which have a
particle size ranging from 0.1 to 30 µm.
[0016] Japanese Patent Application Laid-open No.
6-100468 discloses a sustained-release composition
comprising a content to be released (e.g., phenytoin, di-
clofenac sodium, brilliant blue), alginic acid and hy-
aluronic acid. In this patent application, a typical sus-
tained-release preparation is prepared by adding an
aqueous solution containing diclofenac sodium, sodium
alginate and hyaluronic acid to a calcium chloride solu-
tion dropwise through a nozzle, keeping the solution to
stand at room temperature for 24 hours, and washing
the solution with distilled water. In this method, it is
thought that the sodium alginate used is converted into
gelatinous calcium alginate.
[0017] Japanese Patent No. 2516524 discloses a
method in which nifedipine or indomethacin and
crosslinked polyvinylpyrrolidone are ground while mix-
ing continuously for 48 hours with a ball mill to amor-
phize the nifedipine or indomethacin. This method has
such a disadvantage that it requires too much time to
grind. Japanese Patent Publication No. 54-29565 dis-
closes a method in which microcrystalline cellulose and
a medicament are co-ground until any diffraction peak
caused by the crystal structure disappear. This method
also has a disadvantage that it requires too much time
to co-grind. Therefore, both the methods have a prob-
lem in production efficiency.
[0018] The method disclosed in Japanese Patent Ap-
plication Laid-open No. 54-2316 is a wet system with an
organic solvent. In the composition produced by this
process, nifedipine is present in the state where nifed-
ipine is dissolved in a matrix (e.g., polyvinylpyrrolidone)
to form a glassy or solid solution-like structure. Accord-
ingly, the composition is not well satisfactory from the
viewpoint of rapid dissolution of nifedipine in the intes-
tine.
[0019] The method disclosed in Japanese Patent
Publication No. 5-66364 has a shorter manufacturing
period. However, this method requires a heating proc-
ess. In the method disclosed in Japanese Patent Publi-
cation No. 3-28404, the production process is compli-
cated. Accordingly, both of these methods have a prob-
lem of increased production cost. In Japanese Patent
Publication No. 7-47548, partially pregelatinized starch
is exemplified as a preferable carrier. However, the
preparation of this patent publication is not also satis-
factory as a controlled-release preparation for releasing
the medicament in the intestine, because it carries the
medicament only on the surface of the starch.
[0020] Each of Japanese Patent Application Laid-
open Nos. 2-167220, 5-39228, 6-100468 and 6-25013
discloses a controlled-release preparation in which a
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medicament is included in calcium alginate gel beads.
[0021] Japanese Patent Application Laid-open Nos.
6-227969 and 7-112928 disclose processes performed
in air. The processes are not suitable for mass produc-
tion.
[0022] Accordingly, the object of the present invention
is to provide a controlled-release preparation capable of
rapidly releasing a slightly soluble medicament that has
a slow intestinal dissolution rate in the intestine and a
process for preparing the controlled-release prepara-
tion. Another object of the present invention is to provide
a controlled-release preparation capable of releasing in
the intestine 99% or more of the slightly soluble medi-
cament from the carrier and a process for preparing the
controlled-release preparation.

DISCLOSURE OF THE INVENTION

[0023] The present inventors have studies for the pur-
pose of establishing a process for preparing a control-
led-release preparation capable of releasing in the up-
per part of the small intestine 99% or more of a slightly
soluble medicament that has a slow intestinal dissolu-
tion rate by itself. As a result, the inventors have suc-
ceeded in establishing a process for making carry a
slightly soluble medicament that has a slow intestinal
dissolution rate by itself on aggregates of spherical mi-
croparticles of multivalent metal alginate in which each
of the secondary particles has a specific surface area
ranging from 1 to 280 m2/g. This success leads to the
accomplishment of the present invention.
[0024] That is, the present invention encompasses
the invention comprised of the following technical sub-
jects.

(1) An aggregate of spherical microparticles of a
multivalent metal alginate, comprising a secondary
particle which is an aggregate of primary particles
of the multivalent metal alginate, wherein the mean
particle diameter of the primary particles is within
the range from 0.01 to 5 µm inclusive, and the spe-
cific surface area of the secondary particle is within
the range from 1 to 280 m2/g inclusive.
(2) The aggregate of item (1), wherein the multiva-
lent metal alginate is calcium alginate.
(3) The aggregate of item (1) or (2), wherein the pri-
mary particles have a mean particle diameter rang-
ing from 0.01 to 5 µm inclusive, preferably from 0.05
to 1 µm inclusive, and each of the secondary parti-
cle has a specific surface area ranging from 1 to 5
m2/g inclusive.
(4) A process for preparing aggregates of spherical
microparticles of a multivalent metal alginate, which
comprises the steps of:

adding an aqueous sodium alginate solution
and/or an aqueous alginic acid solution to a
non-aqueous solvent mainly comprising a pol-

yhydric alcohol fatty acid ester, and then adding
an emulsifying agent to the formed mixture so
as to cause emulsion-dispersion, thereby form-
ing a water-in-oil (W/O) type emulsion;
adding an aqueous solution of a multivalent
metal salt to the emulsion to form spherical mi-
croparticles of the multivalent metal alginate;
and
spray-drying a suspension of the spherical mi-
croparticles in water, thereby forming aggre-
gates of the spherical microparticles.

(5) The process of item (4), wherein the aggregate
is a secondary particle which is an aggregate of the
primary particles of the spherical microparticles
having a mean particle diameter ranging from 0.01
to 5 µm inclusive, and wherein the aggregate has a
specific surface area ranging from 1 to 280m2/g in-
clusive.
(6) The process of item (4) or (5), wherein the pol-
yhydric alcohol fatty acid ester is at least one com-
pound selected from the group consisting of glycer-
ol fatty acid esters and propylene glycol fatty acid
esters, the constituent fatty acid of the ester having
18 or less carbon atoms and a melting temperature
of 50°C or less.
(7) The process of any one of items (4) to (6), where-
in the emulsifying agent is at least one compound
selected from the group consisting of sorbitan fatty
acid esters, polyglycerol fatty acid esters and poly-
lycinoleic acid polyglycerol esters.
(8) The process of any one of claims (4) to (7),
wherein the multivalent metal is at least one metal
having a valency of 2 or more selected from the
group consisting of calcium, zinc, beryllium, copper,
barium, cadmium, strontium, radium, iron, alumi-
num, cobalt, nickel, chromium and manganese.
(9) The process of any one of claims (4) to (8),
wherein the multivalent metal is calcium.
(10) A controlled-release preparation comprising
aggregates of spherical microparticles of a multiva-
lent metal alginate, together with a slightly soluble
medicament carried on the aggregates, wherein the
aggregate is a secondary particle which is an ag-
gregate of the primary particles of the multivalent
metal alginate, the mean particle diameter of the pri-
mary particles is within the range from 0.01 to 5 µm
inclusive, and the specific surface area of the sec-
ondary particle is within the range from 1 to 280 m2/
g inclusive.
(11) The controlled-release preparation of item (10),
wherein the slightly soluble medicament is at least
one compound selected from the group consisting
of acetaminophen, aspirin, indomethacin, ethenza-
mide, ibuprofen and diclofenac sodium.
(12) The controlled-release preparation of item (10)
or (11), wherein the multivalent metal alginate is cal-
cium alginate, and the slightly soluble medicament
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is carried on the aggregates of the spherical micro-
particles of calcium alginate.
(13) The controlled-release preparation of any one
of items (10) to (12), which comprises 1 part by
weight of the aggregates of the spherical micropar-
ticles of the calcium alginate and 0.01 to 10 parts
by weight of the slightly soluble medicament.
(14) The controlled-release preparation of any one
of items (10) to (13), wherein the dissolution rate of
the slightly soluble medicament in the artificial in-
testinal juice (the second solution, pH 6.8) is 99%
or more within 30 minutes.
(15) The controlled-release preparation of any one
of items (10) to (14), wherein the dissolution rate of
the slightly soluble medicament in the artificial in-
testinal juice (the second solution, pH 6.8) is 95%
or more within 15 minutes.
(16) A process for preparing a controlled-release
preparation of any one of items (10) to (15), which
comprises mixing the aggregates of the spherical
microparticles of the multivalent metal alginate with
the slightly soluble medicament in a dry system.
(17) A process for preparing a controlled-release
preparation of any one of items (10) to (16), which
comprises mixing the aggregates of the spherical
microparticles of the multivalent metal alginate with
the slightly soluble medicament in a wet system.
(18) The process of item (16) or (17), wherein the
aggregate of the spherical microparticles of the mul-
tivalent metal alginate is of calcium alginate.

BRIEF DESCRIPTION OF DRAWINGS

[0025] Fig. 1 is a photograph showing the surface of
CAB observed under a scanning electron microscope
(magnification: 5000 times).
[0026] Fig. 2 is a photograph showing the surface of
AAP-carried CAB observed under a scanning electron
microscope (magnification: 5000 times).
[0027] Fig. 3 is a graphical illustration showing the dis-
solution rates of a slightly soluble medicament carried
on various carriers.
[0028] Fig. 4 is a graphical illustration showing the dis-
solution rates of a slightly soluble medicament carried
on various carriers.

BEST MODE FOR CARRYING OUT THE INVENTION

[0029] The microparticles of the multivalent metal al-
ginate used as the primary particles in the aggregates
of the present invention are microparticles of an alginate
of a metal having a valency of two or more selected from
the group consisting of calcium, zinc, beryllium, copper,
barium, cadmium, strontium, radium, iron, aluminum,
cobalt, nickel, chromium and manganese, which have a
mean particle diameter ranging from 0.01 to 5 µm, pref-
erably ranging from 0.05 to 1.0 µm.
[0030] The primary particles comprising the multiva-

lent metal alginate microparticles can be prepared by
the steps of mixing an aqueous solution of a seaweed-
derived alginic acid with a polyhydric alcohol fatty acid
ester selected from the group consisting of a glycerol
fatty acid ester and a propylene glycol fatty acid ester
to form a water-in-oil (W/O) type emulsion; mechanically
dispersing the W/O type emulsion into a non-aqueous
solvent containing at least one emulsifying agent select-
ed from the group consisting of a sorbitan fatty acid es-
ter, a polyglycerol fatty acid ester and a poly(lecinoleic
acid) polyglycerol ester to make the W/O type emulsion
stable, thereby forming a stable W/O type emulsion; and
emulsion-mixing the stable W/O type emulsion with an
aqueous solution of at least one metal salt which is ca-
pable of forming a water-insoluble product when reacted
with an alginic acid, where the metal is a bivalent metal
selected from the group consisting of calcium, zinc, be-
ryllium, copper, barium, cadmium, strontium and radium
or a metal having a valency of three or more selected
from the group consisting of iron, aluminum, cobalt,
nickel, chromium and manganese.
[0031] The seaweed-derived alginic acid used for
preparation of the primary particles is a long-chain co-
polymer (molecular weight: 4,000-180,000) of D-man-
nuronic acid and L-glucuronic acid, and is used in the
form of 0.1-5 wt%, preferably 0.5-2 wt% of an aqueous
solution. The alginic acid may also be used in the form
of an alkali metal salt which exhibits a good solubility,
such as sodium alginate.
[0032] The polyhydric alcohol fatty acid ester, which
constitutes an oil-based continuous layer of the emul-
sion, is preferably those having a dynamic interfacial
tension against water as low as possible, so that the par-
ticle diameters of the W/O emulsion particles can be ad-
justed to those of sub-micron orders. Preferably, in the
polyhydric alcohol fatty acid ester, the constituent fatty
acid has 18 or less of carbon atoms and a melting tem-
perature of 50°C or less. Preferable example of the pol-
yhydric alcohol fatty acid ester include fatty acid glycer-
ides such as oleic acid mono- or di-glycerides and lino-
leic acid mono- or di-glycerides; organic acid monoglyc-
erides each comprising any of these mono-glycerides
into which an organic acid (e.g., citric acid, succinic acid,
malic acid, diacetyltartaric acid) is introduced; and trig-
lycerides of middle-chain (C6-C12) fatty acids. Besides,
propylene glycol fatty acid esters are also preferable,
including caprylic acid mono- or di-esters, capronic acid
mono- or di-esters, and organic esters each comprising
any of these esters into which an organic acid (e.g., citric
acid, succinic acid, malic acid, diacetyltartaric acid) is
introduced.
[0033] These polyhydric alcohol fatty acid esters are
safe and have superior in processability because they
show no volatility or inflammability at ordinary tempera-
tures.
[0034] The sorbitan fatty acid ester used as an emul-
sifying agent preferably has an esterification degree
ranging from about 20% to about 75%. The constituent
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fatty acid of the sorbitan fatty acid ester is preferably an
unsaturated fatty acid, such as oleic acid, linolic acid,
linolenic acid, or a mixture thereof.
[0035] The polyglycerol fatty acid ester preferably has
an esterification degree ranging from about 20% to
about 75% and a condensation degree of the polyglyc-
erol ranging from 2 to 10. Especially preferable example
of the polyglycerol fatty acid ester include diglycerol mo-
nooleate, triglucerol dioleate, tetraglycerol trioleate,
pentaglycerol tetraoleate, hexaglycerol tetraoleate,
hexaglycerol pentaoleate, decaglycerol pentaoleate
and decaglycerol heptaoleate.
[0036] The poly(ricinoleic acid) polyglycerol fatty acid
ester preferably has a condensation degree of the rici-
noleic acid ranging from 2 to 6 and a condensation de-
gree of the polyglycerol ranging from 4 to 10.
[0037] The multivalent metal salt which is cable of
forming a water-insoluble product when reacted with the
alginic acid can be prepared as a 1-20 wt% aqueous
solution or a 1-20 wt% water-containing alcohol solu-
tion. The multivalent metal salt may be any one selected
from the salts of the metals each having a valency of 2
or more, such as calcium, zinc, beryllium, copper, bari-
um, cadmium, strontium, radium, iron, aluminum, co-
balt, nickel, chromium and manganese, or may be used
as a mixture of two or more of these metals. The multi-
valent metal salt is contacted with the W/O micelle of
the alginic acid in the form of a W/O micelle to cause
cross-bonding between the two carboxyl groups in the
alginic acid, thereby forming water-insoluble spherical
microparticles of the metal alginate.
[0038] After the formed spherical microparticles of the
metal alginate are treated to make them insoluble, the
spherical microparticles are excluded out of the W/O
emulsion system by further adding the same aqueous
multivalent metal salt solution as used just before this
procedure to the emulsion system in an amount three
times or larger. Thus the spherical microparticles can be
collected from the oil-based continuous layer easily with
a centrifuge capable of providing an acceleration of
gravity of 1500xg or more. The collected spherical algi-
nate microparticles are washed with hot water to remove
the undesired substances remaining on the surfaces
and the insides of the microparticles, such as the emul-
sifying agent, the multivalent metal salts and the low mo-
lecular alginic acid components which are not used for
the cross-linkage.
[0039] The primary particle, which is the spherical mi-
croparticle of a multivalent metal alginate of the present
invention, is characterized by having mean particle di-
ameter ranging from 0.01 to 5 µm. The above-men-
tioned secondary particle, which is an aggregate of the
primary particle, may be suitable as carriers for a con-
trolled-release preparation. The primary particles may
also be used as an additive for a coating film having a
thickness of sub-micron order or for a synthetic fiber.
Therefore, the primary particles may also be applicable
as useful spherical microparticles in the fields that attach

importance to feelings, such as the filed of skin cosmet-
ics where it is required for the diameters of the particles
to be 10 µm or smaller which are perceptible by a hu-
man.
[0040] The primary particles of the present invention,
which comprise the spherical multivalent metal alginate
microparticles, are suspended into water and then
spray-dried to cause aggregation of the particles and to
thereby form larger secondary particles. Thus, aggre-
gates of the spherical metal alginate microparticles each
having a specific surface area ranging from 1 to 280 m2/
g can be produced.
[0041] The aggregate of the spherical multivalent
metal alginate microparticles preferably used in the
present invention is an aggregate of spherical calcium
alginate microparticles [hereinafter, simply referred to
as "calcium alginate bead" or "CAB"]. CAB can be pro-
duced by granulating sodium alginate extracted from a
brown seaweed, such as sea tangle (the genus Lami-
naria) and edible seaweed (the genus Eisenia), into
nearly perfectly spherical forms and then making the
granule insoluble with calcium ions, of which the primary
particles have a mean particle diameter ranging from
0.01 to 5 µm, preferably ranging from 0.05 to 1 µm, and
the secondary particle has a specific surface area rang-
ing from 1 to 280 m2/g, preferably ranging from 1 to 50
m2/g, more preferably ranging from 1 to 5 m2/g, as
measured by the BET method. As commercially availa-
ble CAB, "Flavikafine" (a trade name; Nisshinbo Indus-
tries, Inc.) is preferably used.
[0042] In the aggregates of the spherical multivalent
metal alginate microparticles of the present invention, if
the mean particle diameter of the primary particles is
smaller than 0.01 µm, the adsorbing properties of a
slightly soluble medicament to the aggregates becomes
poor; whereas if the mean particle diameter of the pri-
mary particles is larger than 5 µm, the physical strength
of the aggregates becomes weak, resulting in breakage
of the aggregates during mixing with a medicament. In
addition, if the specific surface area of the secondary
particle is less than 1 m2/g, the physical strength of the
aggregates becomes weak, resulting in breakage of the
aggregates during mixing with a medicament; whereas
if the specific surface area is larger than 280 m2/g, the
adsorbing properties of the medicament to the aggre-
gates becomes poor. Therefore, the mean particle di-
ameter of the primary particles and the specific surface
area of the secondary particle not falling within the
above-mentioned ranges are not preferable.
[0043] When CAB, which is an aggregate of the
spherical multivalent metal alginate microparticles pref-
erably used in the present invention, were determined
on the mean particle diameter distribution with a laser
diffraction/scattering-type mean particle diameter ana-
lyzer ("HEROS"; Sysmpatec) on a volume base, it was
found that CAB has a mean particle diameter ranging
from 5 to 50 µm when dispersed in a dry system (without
a solvent) and from 0.5 to 5 µm when dispersed in water.
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[0044] When the particle diameter of CAB was deter-
mined by observation under a scanning electron micro-
scope, it was found that the CAB was dispersed in water
almost in the form of primary particles, whereas the pri-
mary particles of the CAB were aggregated to form po-
rous secondary particles in the dry state or when dis-
persed in ethanol.
[0045] Furthermore, as shown in Figs. 1 and 2, the
CAB of the present invention takes the form of not a gel
but secondary particles. Therefore, the mechanism for
releasing a medicament of the CAB is different from gel-
type carriers. As shown in Fig. 2, the medicament-car-
ried CAB also form secondary particles, where the med-
icament is carried in a quite different way than the glassy
carriers or the solid solution-type carriers. Moreover, the
controlled-release preparation comprising the CAB and
a slightly soluble medicament carried thereon of the
present invention is also different from a preparation in
which a medicament is carried on the surface of a single-
particle carrier (e.g., starch), and has a novel structure
that has not been found previously.
[0046] As shown in the scanning electron microscopic
photographs given in the examples below, the CAB
takes a nearly perfectly spherical form. In general, it is
preferable that powders used as a raw material of a
pharmaceutical preparation take the nearly perfectly
spherical form (in other words, have an aspect ratio of
nearly 1) so that the powders exhibit good flowability and
quantitative property. This is because it is necessary for
the powders to reduce the weight variation during trans-
portation or supply of the powders to a hybridizing ap-
paratus. As used herein, the aspect ratio refers to the
ratio between the lengths of the long axis and the short
axis of a particle, which is a measure of sphericity de-
gree. The long axis/short axis ratio is obtained by plac-
ing particles randomly on a slide grass, taking a picture
of the particles to measure the length of the long axis
(the longer diameter) and the length of the short axis
(the shorter diameter; determined by drawing a line per-
pendicular to the long axis at its midpoint) for each of 50
particles, calculating the ratio of the length of the long
axis to the length of the short axis for each particle, and
then averaging the calculated values of the 50 particles.
The secondary particle of the CAB preferably used in
the present invention characteristically also has an as-
pect ratio of nearly 1, which is 1.2 or less and preferably
1.1 or less.
[0047] The controlled-release preparation according
to the present invention can be prepared by making car-
ry a slightly soluble medicament on the aggregates of
the spherical multivalent metal alginate microparticles
produced by the process mentioned above.
[0048] The slightly soluble medicament used in the
present invention may be any substance that exhibits a
medicinal efficacy, is pharmaceutically acceptable, is
confirmed to the Japanese Pharmacopoeia (the 13th
Amendment) and requires 30 ml or more of water to dis-
solve 1 g of the substance.

[0049] Examples of the slightly soluble medicament
include acetaminophen, aspirin, indomethacin, ethen-
zamide and nifedipine. The solubilities of these sub-
stances in water are shown in Table 1, respectively. The
unit of each numerical value shown in Table 1 is the
weight (mg) of each of the slightly soluble medicaments
capable of dissolving in 1m of the solvent (water).
[0050] As used herein, the term "solubility" in accord-
ance with the Japanese Pharmacopoeia (the 13th
Amendment) refers to the degree of dissolution of a
medicament in a solvent within 30 minutes when 1 g of
the medicament is added to the solvent and mixing them
with vigorous shaking at intervals of 5 minutes at 20°C
± 5°C. In the present specification, the solubility is eval-
uated in accordance with this method. When the amount
(ml) of water required to dissolve 1 g of a medicament
is 30 ml or more, the solubility of the medicament rep-
resents the grades of "slightly soluble" or "hardly solu-
ble". In accordance with the standard of the U.S. Phar-
macopoeia 21 (1985), the term "slightly soluble" is de-
fined as "sparingly soluble".

[0051] In the controlled-release preparation of the
present invention, a medicament selected from the
group consisting of acetaminophen, aspirin, indometh-
acin, ethenzamide, ibuprofen and diclofenac sodium or
a combination of two or more of them is carried as a
slightly soluble medicament on the aggregates of spher-
ical calcium alginate microparticles such as the CAB
mentioned above. The controlled-release preparation
carries 0.01 to 10 parts by weight of the slightly soluble
medicament per 1 part by weight of the CAB.
[0052] The controlled-release preparation of the
present invention is also characterized in that a disso-
lution rate of the slightly soluble medicament in the ar-
tificial intestinal juice (the second solution, pH 6.8) is
99% or more within 30 minutes.
[0053] The controlled-release preparation of the
present invention is also characterized in that a disso-
lution rate of the slightly soluble medicament in the ar-
tificial intestinal juice (the second solution, pH 6.8) is
95% or more within 15 minutes.
[0054] The controlled-release preparation of the
present invention may be formulated into tablets with an
excipient, or powders or granules by granulating the
medicament-carried CAB. The tables, powders or gran-
ules may be coated with an enteric coating film material
to provide an enteric preparation. The granules may al-

Table 1

(unit: mg/ml)

Slightly soluble medicament Water

Acetaminophen 13.1
Aspirin 3.63
Indomethacin less than 0.1
Ethenzamide less than 0.1
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so be encapsulated into capsules. The controlled-re-
lease preparation of the present invention can be pre-
pared by hybridizing the slightly soluble medicament
with the aggregates of spherical multivalent metal algi-
nate microparticles in a dry system or a wet system.
[0055] In the preparation of the controlled-release
preparation of the present invention, the term "dry sys-
tem" means a system without any solvent (e.g., water,
an organic solvent), and the term "wet system" means
a system with a solvent (e.g., water, an organic solvent).
[0056] The organic solvent used in the present inven-
tion is ethanol alone or a mixed solvent of, for example,
water-containing ethanol or a mixed solvent such as that
of ethanol and methylene chloride. However, in general,
ethanol alone is preferably used.
[0057] By employing a wet system, it become possi-
ble to include the medicament within the secondary par-
ticles of the aggregates of the spherical multivalent met-
al alginate microparticles. In other words, the secondary
particles of the CAB can carry the medicament in the
spaces between the primary particles constituting the
secondary particles and, thereby, act as a microsponge
and exhibit porous substance-like functions.
[0058] As used herein, the term "hybridizing" or "to hy-
bridize" means a procedure to contact a medicament
with the aggregates of the spherical multivalent metal
alginate microparticles in order to make carry the med-
icament on the aggregates. In the present invention, this
term means a processing for making carry a slightly sol-
uble medicament on the aggregates by a simple mixing,
a mixing optionally accompanied by grinding of the med-
icament, an emulsion dispersion, a spray drying and
other processing techniques such as an air suspension
coating (a process for preparing microcapsules).
[0059] In the present invention, the mixing accompa-
nied by grinding of the medicament can be performed
with a conventional mixer or a mixing-grinder. Examples
of the grinder include, not limited to, a ball mill (such as
a product of Kurimoto, Ltd.), a vertical jet mill (e.g., a
product of Seishin Enterprise CO., LTD.), a planetary
ball mill (e.g., a product of Seishin Enterprise CO.,
LTD.), a vibrating mill (e.g., a product of Chuo Kakohki
CO., LTD.). As a matter of course, in the hybridizing
process accompanied by grinding of the medicament,
such processing conditions are selected that cause no
or, if any, less disintegration of the spherical aggregates
(the secondary particles) of the multivalent metal algi-
nate microparticles of the present invention.
[0060] By the hybridizing process of the present in-
vention, the medicament can be carried on the surfaces
of the aggregates of the spherical multivalent metal al-
ginate microparticles and in the spaces between the mi-
croparticles. When put into water, the medicament-car-
ried aggregates thus prepared are disintegrated into the
primary particles and dispersed in water.
[0061] The "drying" performed in the hybridizing proc-
ess in the preparation of the controlled-release prepa-
ration of the present invention means to distill off the sol-

vent (e.g., water, an organic solvent), and generally a
drying procedure performed in a spray-drying apparatus
is applicable. Any type of the spray-drying apparatus
may be used as long as the solvent can be distilled off
by spraying a solution containing the solvent and the ag-
gregates of the spherical multivalent metal alginate mi-
croparticles in hot air, such as spray dryers produced by
Ohkawara Kakohki Co., Ltd. and ASHIZAWA-NIRO AT-
OMIZER LTD.
[0062] The temperature of the dry air in the spray-dry-
ing apparatus is preferably not higher than 250°C from
the viewpoint of providing appropriate stability of the
slightly soluble medicament and not lower than 100°C
from the viewpoint of drying efficacy. The spraying is
performed with an atomizer equipped with, for example,
a rotary disk, a twin-flow nozzle, a nozzle or an airless
nozzle.
[0063] When an atomizer equipped with a nozzle is
used, the mean particle diameter distribution of the ag-
gregates of the spherical multivalent metal alginate mi-
croparticles with a slightly soluble medicament carried
thereon becomes sharper compared to the case where
an atomizer equipped with a rotary disk is used. There-
fore, an atomizer equipped with a nozzle is preferable.
[0064] Besides the above-mentioned spray-drying
apparatus, any other type of apparatus may be used as
long as the destruction of the secondary particle struc-
ture of the aggregates of the spherical multivalent metal
alginate microparticles does not occur, and a statistic
drying apparatus or a fluid-bed drying apparatus may
be employed appropriately.
[0065] As used herein, the term "artificial intestinal
juice (the second solution, pH 6.8)" refers to a phos-
phate buffer of pH 6.8 as described in the Japanese
Pharmacopoeia (the 13th Amendment), the section of
dissolution test, the second method (paddle method).
As used herein, the term "dissolution rate" refers to a
value given by dividing the actual elution concentration
of a slightly soluble medicament by the calculated elu-
tion concentration and expressing the resultant value as
a percent. Here, the term "calculated elution concentra-
tion" refers to the concentration given when hypothesiz-
ing that the entire slightly soluble medicament added to
the second solution is dissolved. For example, the cal-
culated elution concentration of a slightly soluble medi-
cament given when 5 g of the medicament is added to
500 ml of the second solution is 10 mg/ml. In this case,
when the actual elution concentration is 5 mg/ml, the
dissolution rate is 50%.
[0066] In general, the dissolution rate of a slightly sol-
uble medicament by itself is slow in the artificial intesti-
nal juice, and the saturated dissolution amount is small.
Therefore, the saturated dissolution concentration
tends to be smaller than the calculated concentration.
For example, as shown in Fig. 3, indomethacin by itself
shows a dissolution rate of less than 40% even within
two hours.
[0067] The present invention will be described more
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in detail below by the embodiments where CAB is used
as the aggregate of the spherical multivalent metal algi-
nate microparticles. However, the present invention
should not be construed to be limited by the following
examples.

Example 1:

[0068] There were provided an aqueous sodium algi-
nate solution (the dispersed phase; 1 liter) in which the
concentration of sodium alginate was adjusted to 5 wt%
and a non-aqueous solvent (the continuous phase; 4 lit-
ers) which contained poly(ricinoleic acid) polyglycerol
ester in propylene glycol dicapric acid ester in a concen-
tration of 10 wt%.
[0069] The dispersed phase and the continuous
phase were emulsified with each other with a homomix-
er (10000 rpm, 10 minutes) while pouring the dispersed
phase into the continuous phase to give a W/O-type
emulsion.
[0070] The W/O-type emulsion was emulsion-mixed
with a 20 wt% aqueous solution of calcium chloride (1
liter) with a homomixer (10000 rpm, 10 minutes) while
pouring the aqueous calcium chloride solution into the
W/O-type emulsion to cause crosslinking.
[0071] The emulsion mixture thus obtained was fur-
ther mixed with a 20 wt% aqueous solution of calcium
chloride (10 liters) with a homomixer (10000 rpm, 10
minutes) and then subjected to centrifugation (1500xg,
10 minutes) to collect spherical microparticles of calci-
um alginate. The spherical microparticles thus collected
were washed with hot water and then suspended into
water to give a suspension. The suspension was then
spray-dried.
[0072] It was confirmed that the spherical calcium al-
ginate microparticles dispersed into water had a mean
particle diameter of 0.05 µm as determined with a laser
diffraction type particle distribution analyzer and took
the form of spherical particles as observed under an
electron microscope.

Example 2:

[0073] There were provided an aqueous sodium algi-
nate solution (the dispersed phase; 1.5 liters) in which
the concentration of sodium alginate was adjusted to 10
wt% and a non-aqueous solvent (the continuous phase;
3.5 liters) which contained poly(ricinoleic acid) polyglyc-
erol ester in a middle-chain fatty acid triglyceride in a
concentration of 5 wt%.
[0074] The dispersed phase and the continuous
phase were emulsified with each other with a homomix-
er (10000 rpm, 1 minutes) while pouring the dispersed
phase into the continuous phase to give a W/O-type
emulsion.
[0075] The W/O-type emulsion was emulsion-mixed
with a 20 wt% aqueous solution of calcium chloride (2
liters) with a homomixer (10000 rpm, 10 minutes) while

pouring the aqueous calcium chloride solution into the
W/O-type emulsion to cause crosslinking.
[0076] The emulsion mixture thus obtained was fur-
ther mixed with a 20 wt% aqueous solution of calcium
chloride (6 liters) with a homomixer (10000 rpm, 10 min-
utes) and then subjected to centrifugation (1500xg, 10
minutes) to collect spherical microparticles of calcium
alginate. The spherical microparticles thus collected
were washed with hot water and then suspended into
water to give a suspension. The suspension was then
spray-dried.
[0077] It was confirmed that the spherical calcium al-
ginate microparticles dispersed into water had a mean
particle diameter of 1.0 µm as determined with a laser
diffraction type particle distribution analyzer and took
the form of spherical particles as observed under an
electron microscope.

Example 3:

[0078] There were provided an aqueous sodium algi-
nate solution (the dispersed phase; 2.5 liters) in which
the concentration of sodium alginate was adjusted to 10
wt% and a non-aqueous solvent (the continuous phase;
2.5 liters) which contained sorbitan monooleic acid ester
in a middle-chain fatty acid triglyceride in a concentra-
tion of 2 wt%.
[0079] The dispersed phase and the continuous
phase were emulsified with each other with a homomix-
er (10000 rpm, 1 minutes) while pouring the dispersed
phase into the continuous phase to give a W/O-type
emulsion.
[0080] The W/O-type emulsion was emulsion-mixed
with a 20 wt% aqueous solution of calcium chloride (2
liters) with a homomixer (10000 rpm, 10 minutes) while
pouring the aqueous calcium chloride solution into the
W/O-type emulsion to cause crosslinking.
[0081] The emulsion mixture thus obtained was fur-
ther mixed with a 20 wt% aqueous solution of calcium
chloride (6 liters) with a homomixer (10000 rpm, 10 min-
utes) and then subjected to centrifugation (1500xg, 10
minutes) to collect spherical alginate microparticles.
The spherical alginate microparticles thus collected
were washed with hot water and then suspended into
water to give a suspension. The suspension was then
spray-dried. It was confirmed that the spherical alginate
microparticles dispersed into water had a mean particle
diameter of 5.0 µm as determined with a laser diffraction
type particle distribution analyzer and took the form of
spherical particles as observed under an electron mi-
croscope.

Example 4:

[0082] The slightly soluble medicament acetami-
nophen (KONGO YAKUHIN CO., LTD., hereinafter sim-
ply referred to as "AAP"; 6 g) was dissolved in ethanol
(JP grade) to give a solution (50 ml). To this solution was
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gradually added the carrier calcium alginate beads
(Nisshinbo Industries Inc.; a trade name "Flavikafine
SF-D", hereinafter simply referred to as "CAB"; 1.0 g)
and subjected to isotonification for 30 minutes. The so-
lution was centrifuged at 3000 rpm for 20 minutes. Sub-
sequently the sedimented CAB particles were dried at
rest at 105°C for 4 hours to give the CAB with AAP car-
ried thereon (hereinafter, simply referred to as "AAP-
carried CAB).
[0083] Fig. 1 shows a photograph of the CAB magni-
fied 5000 times by a scanning electron microscope. As
is evident from the photograph, the CAB is a spherical
microgranule in which the primary particles having par-
ticle diameter ranging from 0.2 to 1.0 µm are aggregated
to form the secondary particle. The median diameter
(D50) of the CAB was 14.2 µm. The secondary particle
of the CAB has an aspect ratio of 1.1, which means that
the CAB was a nearly true sphere.
[0084] Fig. 2 shows a photograph of the AAP-carried
CAB magnified 5000 times by a scanning electron mi-
croscope. As is evident from the photograph, each of
the AAP-carried CAB particles is a spherical microgran-
ule in which the primary particles having particle diam-
eter ranging from 0.2 to 1.0 µm are aggregated to form
the secondary particle. The median diameter (D50) of
the AAP-carried CAB was 14.3 µm. The secondary par-
ticle of the AAP-carried CAB has an aspect ratio of 1.1,
which means that the AAP-carried CAB was a nearly
true sphere.
[0085] The AAP content of the AAP-carried CAB was
determined by the following manner.
[0086] That is, the AAP-carried CAB (100 mg) is dis-
persed into ethanol (JP grade) (100 ml) and then sub-
jected to isotonification for 30 minutes. The dispersion
is centrifuged (3000 rpm, 20 minutes) to give an extract
of AAP. The extract is subjected to determination of ab-
sorbance at an absorption wavelength of 244 nm with a
spectrophotometer.
[0087] As a result, it was found that the AAP content
of the AAP-carried CAB was 16.0% (w/w).

Example 5:

[0088] The same procedure as Example 1 was re-
peated, except that the slightly soluble medicament as-
pirin (a product of KOZAKAI SEIYAKU CO., LTD.; here-
inafter, simply referred to as "AS") was used in place of
AAP to give AS-carried CAB. The photograph of the AS-
carried CAB magnified 5000 times by a scanning elec-
tron microscope was similar to that shown in Fig. 2. The
AS content of the AS-carried CAB was 16.1% (w/w) as
determined by the same procedure as Example 1 ex-
cept that an absorption wavelength of 278 nm was em-
ployed.

Example 6:

[0089] A slightly soluble medicament indomethacin (a

product of DAIWA PHARMACEUTICAL CO., LTD,;
hereinafter, simply referred to as "IMC") (500 mg) was
added to the CAB and the resultant mixture was ground
while mixing with an automatic mortar (a product of Nitto
Scientific CO., LTD.) at room temperature for 1 hour.
[0090] A portion (100 mg; corresponding to 50 mg in
terms of IMC) of the mixing-ground product was sam-
pled and tested in accordance with the Japanese Phar-
macopoeia (the 13th Amendment), the second method
of the dissolution test (i.e., the paddle method) as fol-
lows.
[0091] That is, the number of revolution of the paddle
was fixed to 100 rpm, and the mixing-ground product
(100 mg) was added to the second solution (a phos-
phate buffer; pH 6.8, 500 ml) to give a solution, and the
test was conducted at 37°C.
[0092] After addition of the mixing-ground product to
the second solution, a portion of the solution was sam-
pled once every a predetermined period of time, and
each of the sample solutions was filtered with a mem-
brane filter (pore size: 0.2 µm). A portion (5 ml) of the
filtrate was removed, extracted with chloroform (5 ml),
and then centrifuged. The chloroform layer given after
the centrifugation was used for determination of the ab-
sorbance of IMC with a spectrophotometer at a wave-
length of 318 nm. The determination procedure was
conducted twice and the two results obtained were av-
eraged (the variation of the results was small). The re-
sults are shown in Fig. 3.
[0093] The dissolution rate of the IMC-carried CAB to
the first solution (pH 1.2) was also determined in the
same manner as above. As a result, it was found that
IMC was less released from the IMC-carried CAB and
the dissolution rate within 2 hours was less than 1%.

Example 7:

[0094] Ethenzamide (a product of SHIZUOKA COF-
FEIN & CO, LTD.; hereinafter, simply referred to as
"EZ") was used as the slightly soluble medicament in
place of IMC. EZ (500 mg) was added to the CAB (500
mg) and the resultant mixture was ground while mixing
with an automatic mortar at room temperature for 1 hour.
A portion (50 mg; corresponding to 25 mg in terms of
EZ) of the mixing-ground product obtained was subject-
ed to the same procedure as Example 3 to determine
the EZ content of the product. The wavelength em-
ployed in the determination process was 290 nm. The
results are shown in Fig. 4.

Comparative Example 1:

[0095] Crystalline cellulose ("Avicel PH-M06", a prod-
uct of Asahi Chemical Industry, Co., Ltd.; hereinafter,
simply referred to as "CC") was used as a carrier. The
slightly soluble medicament IMC (500 mg) was added
to the CC (500 mg) and the resultant mixture was ground
while mixing with an automatic mortar at room temper-
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ature for 1 hour. A portion (100 mg; corresponding to 50
mg in terms of IMC) of the mixing-ground product ob-
tained was subjected to the same procedure as Exam-
ple 3 to determine the IMC content of the product. The
wavelength employed in the determination process was
318 nm. The results are shown in Fig. 3.

Comparative Example 2:

[0096] Crosslinked polyvinylpyrrolidone ("Poly-
plasdone XL", a product of GAF; hereinafter, simply re-
ferred to as "CLPVP") and polyvinylpyrrolidone (herein-
after, simply referred to as "PVP") (500 mg each) were
separately added to the slightly soluble medicament
IMC (500 mg), and each of the resultant mixtures was
ground while mixing with an automatic mortar at room
temperature for 1 hour. A portion (100 mg; correspond-
ing to 50 mg in terms of IMC) of each of the mixing-
ground products obtained was subjected to the same
procedure as Example 3 to determine the IMC content
of each of the products. The wavelength employed in
the determination process was 318 nm. The results are
shown in Fig. 3.

Comparative Example 3:

[0097] The same procedure as Example 6 was re-
peated, except that IMC alone (50 mg) was used in
place of the mixing-ground product (100 mg; corre-
sponding to 50 mg in terms of IMC) to determine the
IMC content of the product. The results are shown in
Table 3.

Comparative Example 4:

[0098] Crystalline cellulose ("Avicel PH-M06", a prod-
uct of Asahi Chemical Industry Co., Ltd.; hereinafter,
simply referred to as "CC") (500 mg) was added to the
slightly soluble medicament EZ (500 mg) and the result-
ant mixture was ground while mixing with an automatic
mortar at room temperature for 1 hour. A portion (50 mg;
corresponding to 25 mg in terms of EZ) of the mixing-
ground product obtained was subjected to the same pro-
cedure as Example 6 to determine the EZ content of the
product. The wavelength employed in the determination
process was 290 nm. The results are shown in Fig. 4.

Comparative Example 5:

[0099] Either of crosslinked polyvinylpyrrolidone
("Polyplasdone XL", a product of GAF; hereinafter, sim-
ply referred to as "CLPVP") or polyvinylpyrrolidone
(hereinafter, simply referred to as "PVP") (500 mg each)
was added to the slightly soluble medicament EZ (500
mg), and the resultant mixture was ground while mixing
with an automatic mortar at room temperature for 1 hour.
A portion (50 mg; corresponding to 25 mg in terms of
EZ) of each of the mixing-ground products obtained was

subjected to the same procedure as Example 6 to de-
termine the EZ content of each of the products. The
wavelength employed in the determination process was
290 nm. The results are shown in Fig. 4.

Comparative Example 6:

[0100] The same procedure as Example 6 was re-
peated, except that EZ alone (25 mg) was used in place
of the mixing-ground product (50 mg; corresponding to
25 mg in terms of EZ) to determine the EZ content of
the product. The results are shown in Table 4.

INDUSTRIAL APPLICABILITY

[0101] The controlled-release preparation of the
present invention in which a slightly soluble medicament
is carried on the secondary particles each comprising
an aggregate of spherical multivalent metal alginate mi-
croparticles is a new slightly soluble medicament-car-
ried preparation which has not been known previously,
and the manner to carry the medicament of the prepa-
ration is also new.
[0102] As is evident from Examples and Comparative
Examples described above, the aggregates of the
spherical calcium alginate microparticles of the present
invention can remarkably improve the dissolution prop-
erties of the slightly soluble medicament and, therefore,
can provide a controlled-release preparation excellent
in bioavailability.
[0103] Since the aggregates of the calcium alginate
microparticles have an effect to rapidly release the
slightly soluble medicament carried thereon in the sec-
ond solution, it is expected that the aggregates provides
a rapid action of the medicament.
[0104] The spherical microparticle aggregate, which
is a secondary particle of calcium alginate microparti-
cles, can rapidly release a slightly soluble medicament
carried thereon in the second solution at an dissolution
rate of 99% or more. Therefore, the aggregate is less
wasteful of the medicament and highly safe upon de-
signing pharmaceuticals that should maintain the med-
icament in an effective blood level when administered
to a subject.
[0105] After the medicament is released out of the cal-
cium alginate microparticles in the second solution com-
pletely, the calcium alginate is converted into sodium al-
ginate by the ion exchange between the calcium ions of
the calcium alginate and the sodium ions of an aqueous
sodium chloride solution and the like, and changes its
nature to water-soluble and finally absorbed to or elim-
inated from a body. From this reason, the secondary
particle which comprises a spherical aggregate of cal-
cium alginate microparticles is suitable as a carrier for
a medicament.
[0106] The calcium alginate beads with a slightly sol-
uble medicament carried thereon have such a desirable
property that the medicament is released in the stomach
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in a small amount, released sustainedly in the upper part
of the small intestine and released in the intestine in a
large amount. Accordingly, it also becomes possible to
formulate enteric preparations which can release a
slightly soluble medicament not in the stomach but in
the intestine by the process comprising granulating cal-
cium alginate beads with the medicament carried ther-
eon, formulating the medicament-carried calcium algi-
nate beads into the form of granules, tablets, capsules
and the like, and then coating the formulations with an
enteric coating such as CMC (carboxymethyl cellulose).
[0107] Accordingly, it becomes possible to impart
such an unprecedented property that the medicament
is completely released in the intestine to the controlled-
release preparations with a medicament such as in-
domethacin and ethenzamide.
[0108] The controlled-release preparation of the
present invention can be produced in a short time in a
dry system. Therefore, the preparation is desirable in
the viewpoint of countermeasures for the reduction of
manufacturing costs upon formulation, and also desira-
ble in the viewpoint of anti-GMP measure since the re-
duction in the numbers of items of process validation
can be attained.

Claims

1. An aggregate of spherical microparticles of a multi-
valent metal alginate, comprising a secondary par-
ticle which is an aggregate of primary particles of
the multivalent metal alginate, wherein the mean
particle diameter of the primary particles is from
0.01 to 5 µm inclusive and the specific surface area
of the secondary particle is from 1 to 280 m2/g in-
clusive.

2. A process for preparing aggregates of spherical mi-
croparticles of a multivalent metal alginate, which
comprises:

adding an aqueous sodium alginate solution
and/or an aqueous alginic acid solution to a
non-aqueous solvent mainly comprising a pol-
yhydric alcohol fatty acid ester, and then adding
an emulsifying agent to the formed mixture so
as to cause emulsion-dispersion, thereby form-
ing a water-in-oil (W/O) type emulsion;
adding an aqueous solution of a multivalent
metal salt to the emulsion to form spherical mi-
croparticles of the multivalent metal alginate;
and
spray-drying a suspension of the spherical mi-
croparticles in water, thereby forming aggre-
gates of the spherical microparticles.

3. The process of claim 2, wherein the aggregate is a
secondary particle which is an aggregate of the pri-

mary spherical microparticles having a mean parti-
cle diameter ranging from 0.01 to 5 µm inclusive and
wherein the aggregate has a specific surface area
ranging from 1 to 280m2/g inclusive.

4. The process of claim 2 or 3, wherein the polyhydric
alcohol fatty acid ester is at least one compound se-
lected from glycerol fatty acid esters and propylene
glycol fatty acid esters, the constituent fatty acid of
the ester having 18 or less carbon atoms and a melt-
ing temperature of 50°C or less.

5. The process of any one of claims 2 to 4, wherein
the emulsifying agent is at least one compound se-
lected from sorbitan fatty acid esters, polyglycerol
fatty acid esters and poly(rycinoleic acid) polyglyc-
erol esters.

6. The process of any one of claims 2 to 5, wherein
the multivalent metal is at least one metal having a
valency of 2 or more selected from calcium, zinc,
beryllium, copper, barium, cadmium, strontium, ra-
dium, iron, aluminum, cobalt, nickel, chromium and
manganese.

7. The process of any one of claims 2 to 6, wherein
the multivalent metal is calcium.

8. A controlled-release preparation comprising aggre-
gates of spherical microparticles of a multivalent
metal alginate, together with a slightly soluble med-
icament carried on the aggregates, wherein the ag-
gregate comprising a secondary particle which is an
aggregate of primary particles of the multivalent
metal alginate, the mean particle diameter of the pri-
mary particles is from 0.01 to 5 µm inclusive and the
specific surface area of the secondary particle is
from 1 to 280 m2/g inclusive.

9. The controlled-release preparation of claim 8,
wherein the multivalent metal alginate is calcium al-
ginate and the slightly soluble medicament is car-
ried on the aggregates of the spherical microparti-
cles of calcium alginate.

10. The controlled-release preparation of claim 9,
which comprises 1 part by weight of the aggregates
of the spherical microparticles of calcium alginate
and 0.01 to 10 parts by weight of the slightly soluble
medicament.

11. The controlled-release preparation of any one of
claims 8 to 10, wherein the slightly soluble medica-
ment is at least one compound selected from aceta-
minophen, aspirin, indomethacin, ethenzamide,
ibuprofen and diclofenac sodium.

12. The controlled-release preparation of any one of
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claims 8 to 11, wherein the dissolution rate of the
slightly soluble medicament in the artificial intestinal
juice (the second solution, pH 6.8) is 99% or more
within 30 minutes.

13. The controlled-release preparation of any one of
claims 8 to 12, wherein the dissolution rate of the
slightly soluble medicament in the artificial intestinal
juice (the second solution, pH 6.8) is 95% or more
within 15 minutes.

14. A process for preparing a controlled-release prep-
aration, which comprises hybridizing the aggre-
gates of spherical microparticles of a multivalent
metal alginate of claim 1 with a slightly soluble med-
icament.

15. The process of claim 14, wherein the hybridizing
comprises mixing the aggregates of the spherical
microparticles of the multivalent metal alginate, with
the slightly soluble medicament in a dry system or
a wet system.

16. The process of claim 14 or 15, wherein the aggre-
gate of the spherical microparticles of the multiva-
lent metal alginate is of calcium alginate.

Patentansprüche

1. Aggregat von sphärischem Mikropartikeln eines
mehrwertigen Metallalginats, umfassend ein se-
kundäres Partikel, das ein Aggregat von primären
Partikeln von mehrwertigen Metallaliginat ist, wobei
der durchschnittliche Partikeldurchmesser der pri-
mären Partikel von 0,01 bis einschließlich 5 µm ist
und die spezifische Oberfläche der sekundären
Partikel von 1 bis einschließlich 280 m2/g ist.

2. Verfahren zur Herstellung von Aggregaten von
sphärischen Mikropartikeln von mehrwertigen Me-
tallalginat, umfassend:

Zugabe einer wäßrigen Natriumalginat-Lösung
und/oder einer wäßrigen Algininsäure-Lösung
zu einem nichtwäßrigen Lösungsmittel, haupt-
sächlich bestehend aus mehrwertigen Alkohol-
fettsäureestern und dann Zugabe eines Emul-
gators, um eine Mischung zu bilden, um eine
Emulsion-Dispersion zu erhalten, wobei eine
Emulsion von Wasser-in-Öl-Typ (W/O) gebildet
wird;

Zugabe einer wäßrigen Lösung eines mehr-
wertigen Metallsalzes zu dieser Emulsion um
sphärische Mikropartikel vom mehrwertigen
Metallalginat zu bilden; und

Sprühtrocknen einer Suspension von sphäri-
schen Mikropartikeln in Wasser, so daß sich
Aggregate dieser sphärischen Mikropartikel bil-
den.

3. Verfahren gemäß Anspruch 2, wobei das Aggregat
ein Sekundärpartikel ist, das ein Aggregat der pri-
mären sphärischen Mikropartikel mit einem durch-
schnittlichen Partikeldurchmesser im Bereich von
0,01 bis einschließlich 5 µm ist, und wobei das Ag-
gregat eine spezifische Oberfläche im Bereich von
1 bis einschließlich 280 m2/g aufweist.

4. Verfahren gemäß Anspruch 2 oder 3, wobei der
mehrwertige Alkoholfettsäureester mindestens ei-
ne Verbindung ist, ausgewählt aus Glycerolfettsäu-
reestern und Propylglycolfettsäureestern, wobei
der Fettsäurebestandteil des Esters 18 oder weni-
ger Kohlenstoffatome aufweist und eine Schmelz-
temperatur von 50°C oder weniger hat.

5. Verfahren gemäß einem der Ansprüche 2 bis 4, wo-
bei der Emulgator mindestens eine Verbindung ist
ausgewählt aus Sorbitanfettsäureestern, Poly-
glycerolfettsäureestern und Poly(ricinolfettsäure)
polyglycerolestern.

6. Verfahren gemäß einem der Ansprüche 2 bis 5, wo-
bei das mehrwertige Metall mindestens ein Metall
ist mit einer Valenz von 2 oder größer, ausgewählt
aus Calcium, Zink, Beryllium, Kupfer, Barium Cad-
mium, Strontium, Radium, Eisen, Aluminium, Co-
balt, Nickel, Chrom und Mangan.

7. Verfahren gemäß einem der Ansprüche 2 bis 6, wo-
bei das mehrwertige Metall Calcium ist.

8. Ein Depotpräparat umfassend Aggregate von sphä-
rischen Mikropartikeln von mehrwertigem Metallal-
ginat zusammen mit einem kaum löslichen Medika-
ment auf diesen Aggregaten, wobei die Aggregate
umfassen ein Sekundärpartikel, das ein Aggregat
von primären Partikeln von mehrwertigem Metallal-
ginat ist, der durchschnittliche Partikeldurchmesser
der primären Partikel ist von 0,01 bis einschließlich
5 µm und die spezifische Oberfläche des Sekundär-
partikels ist von 1. bis einschließlich 280 m2/g.

9. Depotpräparat gemäß Anspruch 8, wobei das
mehrwertige Metallalginat Caiciumalginat ist und
das kaum lösliche Medikament sich auf den Aggre-
gaten der sphärischen Mikropartikel aus Calcium-
alginat befindet.

10. Depotpräparat gemäß Anspruch 9, umfassend 1
Gew.-Teil Aggregat der sphärischen Mikropartikel
aus Calciumalginat und 0,01 bis 10 Gew.-Teile des
kaum löslichen Medikaments.
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11. Depotpräparat gemäß einem der Ansprüche 8 bis
10, wobei das kaum lösliche Medikament minde-
stens eine Verbindung ist ausgewählt aus Acetami-
nophen, Aspirin, Indomethacin, Ethenzamid, Ibu-
profen und Diclofenacnatrium.

12. Depotpräparat gemäß einem der Ansprüche 8 bis
11, wobei die Auflösungsrate des kaum löslichen
Medikaments in einem künstlichen Verdauungssaft
(die zweite Lösung, pH 6,8) 99 % oder größer in-
nerhalb von 30 Minuten ist.

13. Depotpräparat gemäß einem der Ansprüche 8 bis
12, wobei die Auflösungsrate des kaum löslichen
Medikaments in dem künstlichen Verdauungssaft
(die zweite Lösung, pH 6,8) 95 % oder größer in-
nerhalb von 15 Minuten ist.

14. Verfahren zur Herstellung eines Depotpräparats
umfassend Hybridisieren der Aggregate der sphä-
rischen Mikropartikel von mehrwertigem Metallalgi-
nat gemäß Anspruch 1, mit einem kaum löslichen
Medikament.

15. Verfahren gemäß Anspruch 14, wobei das Hybridi-
sieren umfaßt: das Mischen der Aggregate von
sphärischen Mikropartikel von mehrwertigem Me-
tallalginat mit dem kaum löslichen Medikament in
einem Trockensystem oder einem Naßsystem.

16. Verfahren gemäß Anspruch 14 oder 15, wobei der
Aggregat der sphärischen Mikropartikel von mehr-
wertigem Metallalginat Caiciumalginat ist.

Revendications

1. Agrégat de microparticules sphériques d'un algina-
te de métal polyvalent, comprenant une particule
secondaire constituée d'un agrégat de particules
primaires de l'alginate de métal polyvalent, dans le-
quel le diamètre de particule moyen des particules
primaires est de 0,01 à 5 µm inclus et la surface
spécifique de la particule secondaire est de 1 à 280
m2/g inclus.

2. Procédé de préparation d'agrégats de microparti-
cules sphériques d'un alginate de métal polyvalent,
dans lequel:

on ajoute une solution aqueuse d'alginate de
sodium et/ou une solution aqueuse d'acide al-
ginique à un solvant non aqueux comprenant
principalement un ester d'acide gras d'un poly-
alcool, puis on ajoute un agent émulsionnant
au mélange formé pour entraîner une disper-
sion de l'émulsion, en formant ainsi une émul-
sion de type eau dans l'huile (W/O);

on ajoute une solution aqueuse d'un sel de mé-
tal polyvalent à l'émulsion pour former des mi-
croparticules sphériques de l'alginate de métal
polyvalent; et
on sèche par pulvérisation la suspension des
microparticules sphériques dans l'eau, en for-
mant ainsi des agrégats des microparticules
sphériques.

3. Procédé selon la revendication 2, dans lequel
l'agrégat est une particule secondaire constituée
d'un agrégat des microparticules sphériques pri-
maires ayant un diamètre de particule moyen com-
pris entre 0,01 et 5 µm inclus, l'agrégat ayant une
surface spécifique comprise entre 1 et 280 m2/g in-
clus.

4. Procédé selon la revendication 2 ou 3, dans lequel
l'ester d'acide gras d'un polyalcool est au moins un
composé choisi parmi des esters d'acides gras du
glycérol et des esters d'acides gras du propylène-
glycol, le constituant acide gras de l'ester ayant au
plus 18 atomes de carbone et un point de fusion
d'au plus 50°C.

5. Procédé selon l'une quelconque des revendications
2 à 4, dans lequel l'agent émulsionnant est au moins
un composé choisi parmi des esters d'acides gras
de sorbitane, des esters d'acides gras de polygly-
cérol et des esters de polyglycérol de poly(acide ri-
cinoléique).

6. Procédé selon l'une quelconque des revendications
2 à 5, dans lequel le métal polyvalent est au moins
un métal ayant une valence d'au moins 2, choisi
parmi le calcium, le zinc, le béryllium, le cuivre, le
baryum, le cadmium, le strontium, le radium, le fer,
l'aluminium, le cobalt, le nickel, le chrome et le man-
ganèse.

7. Procédé selon l'une quelconque des revendications
2 à 6, dans lequel le métal polyvalent est le calcium.

8. Préparation à libération contrôlée comprenant des
agrégats de microparticules sphériques d'un algi-
nate de métal polyvalent avec un médicament peu
soluble porté par les agrégats, dans laquelle l'agré-
gat comprend une particule secondaire constituée
d'un agrégat de particules primaires de l'alginate de
métal polyvalent, le diamètre de particule moyen
des particules primaires est de 0,01 à 5 µm inclus
et la surface spécifique de la particule secondaire
est de 1 à 280 m2/g inclus.

9. Préparation à libération contrôlée selon la revendi-
cation 8, dans laquelle l'alginate de métal polyvalent
est l'alginate de calcium et le médicament peu so-
luble est porté par les agrégats de microparticules
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sphériques d'alginate de calcium.

10. Préparation à libération contrôlée selon la revendi-
cation 9, qui comprend 1 partie en masse d'agré-
gats de microparticules sphériques d'alginate de
calcium et 0,01 à 10 parties en masse du médica-
ment peu soluble.

11. Préparation à libération contrôlée selon l'une quel-
conque des revendications 8 à 10, dans laquelle le
médicament peu soluble est au moins un composé
choisi parmi l'acétaminophène, l'aspirine, l'indomé-
thacine, l'éthenzamide, l'ibuprofène et le diclofénac
sodium.

12. Préparation à libération contrôlée selon l'une quel-
conque des revendications 8 à 11, dans laquelle le
taux de dissolution du médicament peu soluble
dans du suc intestinal artificiel (seconde solution,
pH 6,8) est d'au moins 99 % en 30 minutes.

13. Préparation à libération contrôlée selon l'une quel-
conque des revendications 8 à 12, dans laquelle le
taux de dissolution du médicament peu soluble
dans du suc intestinal artificiel (seconde solution,
pH 6,8) est d'au moins 95 % en 15 minutes.

14. Procédé de préparation d'une préparation à libéra-
tion contrôlée, qui comprend l'hybridation des agré-
gats de microparticules sphériques d'un alginate de
métal polyvalent selon la revendication 1 avec un
médicament peu soluble.

15. Procédé selon la revendication 14, dans lequel l'hy-
bridation comprend le mélange des agrégats de mi-
croparticules sphériques de l'alginate de métal po-
lyvalent avec le médicament peu soluble dans un
système sec ou un système humide.

16. Procédé selon la revendication 14 ou 15, dans le-
quel l'agrégat de microparticules sphériques de l'al-
ginate de métal polyvalent est constitué d'alginate
de calcium.
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