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DESCRIPTION
SUSTAINED-RELEASE COMPOSITION~AND METHOD FOR PRODUCING THE

SAME

Technical Field
The present invention relates to a sustained—reléase

preparation of a physiologically active substance, a method

.for producing the same, and a use as a medicament and the

like.

Background Art

As a éon?entionai aft, for example, Japanese Patent No.
3116311 discloses a microspherical sustained—reiease
breparation comprised of a water—éoluble drug such as a
physiologically active peptide and a polylactic acid, and
és a method-for producing the same, there is described a

method which comprises dissolving a water-soluble drug such

as a physiologically active peptide ahd. a biodegradable

polymer in a ndxed solvent of a water-immiscible solvent
such as dichloromethane and a water-miscible solvent such
as ethanol, and adding the solution into water etc. to
produce an O/W emulsion, folléwed by 'subjecting to an in-
water drying ‘method to prepare a sustained-release
microcapsule. In addition, Japaﬁese Patent No. 3512408

discloses microspherical microparticles comprising of a
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water-soluble physiologically active peptide and a
polylactic acid or alcopolymer of lactic acid and glycolic
acid, wherein the releése'dynamic of the drug is controlled,
and as a method for preparing the microparticie, there is
described a method which comprises dissolving a polymer in
a volatile énd water-immiscible solvent, mixing a solution

separately  prepared by dissolving a water—soluble

-physiologically active peptide in water-miscible solvent

with the above polymer solution, and emulsifying the
resulting solution in an aqueous phase containing an

emulsifier, followed by . removing the solvent from the

obtained . O/W emulsion to . prepare the microspherical

‘microparticles. However, the drug content in each of the

sustained-release preparations is about 10% or about 0.1 to

5

o

' and a sustained-release preparation capable of
sustainably feleasing the drug over about two months is not
described.

Furthermore, Pharmaceutical Research; Vol. 19, No. 4
(April, 2002) discloses a microspherical sustained-release
preéaration comprised.of leuprolide acetate and polylactic
acid, and as a process for prepéring the preparation, there
is described a method whichlcomprises ndxing a methanol
soiution of leuprolide and a dichloromethane solution of
polylactic acid, and dispersing the solution in an agueous

solution of polyvinylalcohol,- followed by removing the
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organic solvent to prepare the microspherical sustained-
release preparation. The preparatidn has a characteristic
of,releasing the drug over a period of 180 to 240 days.

However, the drug release is small in amount ét the first

or second month from the early period of administration

after initial burst, and the preparation exhibits a typical

triphasic drug release.

Disclosure of Invention
The present invention is intended to provide a novel

composition containing a physiologically active substance

in high content and capable of achieving a stable releasing

rate over a long period of time by suppressing the initial
excessive release within one day after the administration
and obtaining a stable drug release in the onset part_Over
one day to about one month after the administration, and a
method for producing the same. | |

Also, the present invention is intended to provide a
sustained-release preparation which stabilizes blood drug
conéentration for a .long period by the above-described
stable drug release over a long period of time.

Furthermore, the present invention is intended to
provide a sustained-release preparation in which the voluﬁe_
or weight of the whole sustained-release preparation

required for per unit dose of the active ingredient is
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reduced by increasing a content of a physiologically active
substance in the preparétion to an elevated amount, that is,"
increasing the coﬁtent of the physiologically active
substance per ﬁnit volume of the sustained-release
preparation.

| Moreovér, the present invention is intended to provide

a sustained-release preparation in which a physical burden

.of patients supposed to be caused by administering a

preparation having a bulky unit volume such as pain at the
time of - administration and induration after the

administration is reduced by the preparation having an

elevated drug content mentioned above.

" In addition, the present invention can achieve af the
same time the conflicting objects of a reduction of a
physical burden at the time of adminiétration and a
reduction of-ambulatory burden by decreasihg administration.
frequency with the above—descfibed préparation in which
both a stable sustained release over a loﬁg period of time
and an elevation of drﬁg content are achieved ét the same
timé{

The present inventors have intensively investigated in
view of the above-mentioned circumstances, and as a result,
have found that a sustained-release preparation coﬁprised}
of a specific combination or a Specific composition and

obtained by a specific process for preparation keeps the
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initial excessive release within one ‘day after the
administration at extremely low level and exhibits ideal
drug-release characteristic features in the onset part from
one day to about one month after administfation to a
patient, and by Ausing “the present sustained-release
preparation, . an extremely stable blood drug level

transition can be achieved over a long period of time due

.to the inhibition of the initial excessive release within

one day after  the administration and long-term stable
release rate by ideal release dynamics in the onset part in

addition to unexpectedly, being able to incorporate a

'physiologically active substance at a high content.

‘As a result of a further study. based. on. fhese
knowledge, the inventors have <completed the ©present
invention;

That is; the present invention provides:
(1) A sustained—releasé composition in which a
physiologically active substance compriéed of a water-

soluble physiologically active peptide is substantially

uniformly dispersed in a microcapsule comprised of a lactic

acid polymer or a salt thereof, wherein said

physiologically active substance is contained in an amount
of 15 to 35 (weight/weight)% to the total microcapsules and .
weight-average molecular weight (Mw) of the lactic acid

polymer is about 11,000 to about 27,000;
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(2) The sustained-release composition according to
the above-mentioned (1), wherein the weight-average

molecular weight (Mw) of the lactic acid polymer is any one
selected from:

(i) aboqt 11,600 to about 20,000 and

(ii) about 19,000 to about 27,000;

(3) The sustained-release composition according to

-the above-mentioned (2) wherein the weight—average

molecular weight (Mw) of the lactic acid polymer is (i)
about. 11,600 to about 20,000, which comprises maintaining

an effective drug blood level over a period of about 60

'days to 130 days by in vivo release of the physiologically

actiﬁe substance from the sustained-release composition;

(4) The sustained-release composition according to
the above-mentioned (2) wherein =~ the weight—average
molecular weight (Mw) of the lactic acid polymer is (ii)
about 19,000 fo about 27,OOO,Awhich comprises maintaining
an effective drug blood level over a period of about 120
days to 400 days by in vivo release of the physiologically
active substance from.the sustained-release composition;

(5) The sustained-release composition according to
the above-mentioned (1), wherein the physiologically active
substance is a LH-RH derivative;

(6) The sustained-release cbmposition according to

the above-mentioned (1), wherein the physiologically active
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substance is é peptide of formula:
5—oxo—Pro—His—Trp—Ser—TYr-Y—Leu—Arg—PrQ—Z
wherein, Y represents DLeu, DAla, DTrp, DSer (tBu), D2Nal
or DHis (ImBzl) and Z represents NH-Cy;Hs or Gly—NHZL or a
salt thereof;

(7) The sustained-release composition acqording to

the above-mentioned (1), wherein the physiologically active

.substance is a peptide of formula:

54oxo—Pro—His—Trp—Ser—Tyr—DLeu—Leu;Arg—Pro—NH—Cﬁk,
or anAacetafe thereof;

(8) The sustained-release compbsition according to
the above-mentioned (1), which 1s characterized in that a
contént of the contained physiologically active subsﬁance
is 17 to 26 (weight/weight)$% to the total microcapsules;

(9) The sustained-release composition according to
the above-mentioned (1) which is obtained by dissolving the
lactic acid polymer or the salt thereof in a volatile
water-immiscible first solvent to preparevé first solution,
dissolving the physiologically active substance comprised
of fhe water—soluble.physiologicaliy active peptide in a
water-miscible second solvent to prepare a second solution,
mixing the  resultant first solution and the resultant
second solution to prepare a third solution in which the
lactic acid polymer or the salt thereof and the

physiologically active substance are uniformly dissolved,
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dispersing the resultant third  solution 1in a fourth
solution comprised of ah aqueous solution of an emulsifier
to prepare an O/W emuléion, and
removing the firsf solvent and the second solvent from the
generated microcapsule;

(10) The sustained-release composition according'the

above~mentioned (9), which is characterized in that a mixed

.solvent in which a watér—miscible third solvent is further

added to the ‘first solvent is .used as 'a solvent for
dissolving fhe lactic acid polymer or the salt thereof in
the preparation of the firs£ solution;

(11) The sustained-release composition according to
the'ébove—mentioned‘(9), thch is characterized in thét a
controlled temperature of the emulsifying step is adjusted
to about 15 to about 35°C in the step of removing the first
solvent and the secohd solvent from the microcapéule;

(12)° The sustained—releaée composition according the
above-mentioned (11), which is characterized in that the

temperature control of the emulsifying step is performed by

adjusting the temperature of the O/W emulsion to about 15

to 35°C;
(13) The sustained-release composition according to
the above-mentioned (9), wherein the respective

temperatures of the third solution and the fourth solution

in the preparation of the O/W emulsion are about 15 to



10

15

20

25

WO 2008/075762 . . PCT/JP2007/074617

about 35°C;

(14) The sustained-release compositibn according tq
the above-mentioned (9), which is characterized.in that the
step of removing fhe first‘solvent and the second solyent'
from the microcapsule is performed by an in—water.drying
method;

(15) The sustained-release composition according to

.the above-mentioned (9), wherein the first solvent is

dichloromethane;
(16) The sustained-release composition according to

the above-mentioned (9), wherein the second solvent and/or

" the third solvent is a lower alcohol;

'(17) The sustained-release composition accordiﬁg to
the above-mentioned (16), wherein the lower alcohol 1is
methanol, ethanol, or propanol;

| (18) The sustained-release composition according to
the above-mentioned (9), whichAis characterized in that a
volume ratio of the water-immiscible solvent and the water-
miscible solvent in the third solution is 35:65 to 55:45;

(19) The sustained-release composition accordiné to
the above-mentioned (9), which is_characterized in that a
polymer concentration in the first solution is about 33 to
45% by weight;

(20) The sustained-release composition according to

the above-mentioned (9), which is characterized in that a
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loading amount of the physiologically active substance in

‘the preparation of the ‘third solution is 17 to 50% by

weight;

(21): The sﬁstained—release composition éccording to
the above;mentioned (9), which is characterized in that a
content of fhe contained physiologically active substance
is 17 to 26 (weight/weight)$% to the total microqapsules;

(22) The sustained-release composition according to
the above-mentioned (21), whiéh is'characterized in that a
loading aﬁount of the physiologically active substance in

the preparation of the third solution is 19 to 38% by

'weight;

.(23) The sustained-release composition accordiﬁg to
the above-mentioned (21), which is characterized in that a
loading amount of the physiologically active substance in
the ‘preparation of the third solution is 20 to 23% by
weight; |
| (24) The sustained—release composition according to
the above-mentioned (1), which is characterized in that the
sustained-release composition further contains a fatty
acid;
(25) The sustained-release composition according to
the above-mentioned " (24), wherein the fatty acid is at
least one selected from stearic acid, benzoic .acid,

hydroxynaphthoic acid, and pamoic acid;
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(26) The sustained-release composition according to

the above-mentioned (24), whichvis éharactérized in that a

ratio of the fatty acid to the total microcapsules is about

0.01 to about 50% by weight;

(27) The sustaihed—release composition according to
the above-mentioned (24), which is characterized in that an

amount of the fatty acid to be added is 0.1 to 10 moles

-relative to one mole of the water-soluble physinogically

active peptide or the salt thereof;
(28) The sustained-release compoSition according to

the above-mentioned (1), - which is characterized by being

'easily—dispersible in a disperse medium;

‘(29) The sﬁstained—release composition according to
the abdve—mentioned (28), which is characterized by being
stable for 24 hours or more after dispersion in the
disperse medium;v

(30)° The sustained—releaée composition according to
the above-mentioned (2) wherein the' weight-average
molecular weight (Mw) of the lactic acid polymer is.(i)
about 11,0600 to aboﬁt 20,000, which is characterized in
that a ratio of the weight-average molecular weight (Mw) to
the number-average molecular weight (Mh) i1s more than 1.9;

(31) The sustained-release composition according to .
the above-mentioned (2) wherein the weight-average

molecular weight (Mw) of the lactic acid polymer is (ii)
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about 19;000 to about 27,000, which is characterized in

that a ratio of the weight—average molecular weight (Mw) to

the number-average molécular weight (Mn) is more than 1.5;
(32) The sustained-release composition according to

the above-mentioned (1), which is characterized in that the

. lactic acid polymer is polylactic acid or polylactide;

(33) The sustained-release composition according to

- the aboveQmentioned (1), which is characterized in that the

lactic acid polymer 1is poly-DL-lactic acid or poly-DL-
lactide;
(34) The sustained-release composition according to

the above-mentioned (1), which is characterized in that the

,lactic acid polymer is a lactic acid-glycolic acid polymer;

(35) The sustained-release composition according to
the above-mentioned (34), which is characterized in that a
composition ratio of lactic acid/glycolic acid in £he
lactic acid-glycolic acid polymér ié 60/40 to 99.9/0.1;

(36) The sustained-release éompoSiﬁion according to
the above-mentioned (1), wherein the lactic acid polymer is
a pélymer containing a polymer having a molecular weight of
5,000 or less whose content is about 5.0% by weight or
less;

(37) The sustained-~release composition according to.
the above-mentioned (1), wherein the lactic acid polymer is

a polymer containing a polymer having a molecular weight of
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3,000 or ‘less whose content is about 1.5% by weight or
less;

(38) The sustained-release composition according to
the above—mentionéd (1), whérein the lactic acid polymer is
a polYmer containing a polymer having a molecular weight of .
l,OOO or léss whose content is about 0.1% by weight or
less; |

(39) The sustained-release composition accofding to.

the above-mentioned (2) in which the weight-average

- molecular weight (Mw) of the lactic acid polymer 1is (i)

* . about 11,600 to about 20,000, wherein the weight-average

molecular weight (Mw) of the lactic acid polymer is 12,000

to 19,000;
(40) The sustained-release composition according to
the above-mentioned (2) in -which the weight-average

molecular weight (Mw) of the lactic acid polymer is (i)
about 11,600 to about 20,000, wherein the weight-average

molecular weight (Mw) of the lactic acid polymer is 13,000

to 18,000;"
(41) The sustained-release composition according to
the above-mentioned (2) in which the -~weight-average

molecular weight (Mw) of the lactic acid polymer is (ii)
about 19,000 to about 27,000, wherein the weight-average
molecular weight (Mw) of the lactic acid polymer is 19,500

to 26,500;
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(42)‘ A process for preparation of a sustained-release
composition of a microcépsule containing a physiologically
active substance at 15 to 35% by weight to the whole
microcapsules, coﬁprising steps of:

(i) dissolving a lactic acid polymer or a salt thereof in
a Volatile. water-immiscible first solvent to preparé a
first solution,

(ii) dissolving the physiologicaliy active substance
comprised of a water-soluble physiologically active peptide
in a. water-miscible second solvent to prepare a second
solution, |

(iii) mixing the resultant first solution and the

‘resultant second solution to prepare a third solution in

which the lactic acid polymer or the salt thereof and the

physiologically active substance are uniformly dissolved,

(iv) dispeising the resultani third solution in a fourth
solution’nomprised of an aqueons solution of a surfactant
to prepare an O/W emulsion, and

(v) removing the first solvent and the second solvent
from the'ndcrocapsule by an in-water drying method at a
controlled temperature of about 15 to about 35°C;

(43) The process according to the above-mentioned

(42), wherein the weight-average molecular weight (Mw) of
the lactic acid polymer is about 11,600 to about 20,000;

(44) The process according to the above-mentioned
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(42), wherein the weight-average molecular weight (Mw) of
the lactic acid polymer.is about 19,000 to'abqut'27,000;
(45) The process according to the above-mentioned
(42), which is characterizéd in thatua ﬁdked solvent in
which a water-miscible third solvent is further added to
thevfirst sblvent is used as a solvent for‘dissolving'the
lactic acid polymef or the salt thereof in the step (i);
(46) The process according to the above-mentioned
(42), which is characterized ih that the respective
temperatUreé of the third solution and the fourth solution

in the preparation of the O/W emulsion are adjusted to

“about 15 to about 35°C;

>(47) The process for the preparation of a sustained—
release'composition according to the above-mentioned (42),
which 1is éharacterized in that a fatty acid or a salt
thereof is fﬁrthér added to the first solution and/or the
second solution or the third soiution;

(48) The process for the preparatioﬁ of a sustained-
release composition according to the above-mentioned (42),
which is characterized in that a fatty acid or a salt
thereof is dissolved in the second solution;

(49) The process for the preparation of a sustained-
release composition according.to the above-mentioned (42),
which is characterized in that a loading amount of the

physiologically active substance in the preparation of the
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third solution is 17 to 50% by weight;

(50) The process for the prepération of a suStainedj
release composition according to the above-mentioned (42),
which is characterized in that a content of fhe contained
physiologically active  substance is 17 to 26
(weight/weight)% to the total microcapsules;

{51) The process for the preparation of a sustained-

.release composition according to the above-mentioned (50),

which is characterized in that a loading amount of the
physiologicélly active substance in the preparation of the
third solution is 19 to 38% by weight;

(52) The process for the preparation of a sustained-
releése composition according to the above-mentioned (50),
which is characterized in that a loading amount of the
physiologically active substance in the preparation of the
third solution is 20 to 23% by weight;

(53)° The process for the-preparation of a sustained-
release composition according to the abové—mentioned (42),
which is characterized by maintaining an effective drug
blood level over a period of about 60 days to 130 days by
in vivo release of the physiologically active substance
from the sustained-release composition;

(54) The process for the preparation of a sustained- .

release composition according to the abové—mentioned'(42),

which 1is characterized by maintaining an effective drug
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that area under the blood concentration-time curve (AUC) of
an active ingredientb' within 24 hours after the
administration calculated from the blood concentration is
3% to 30% of the Qhoie AUC;.

(58) The sustained—;elease composition according to
the‘ above—mentioned (2) in which the weight-average

molecular weight (Mw) of the lactic acid polymer 1is (i)

.about 11,600 to about 20,000, which is characterized in

that area under the blood concentration-time curve (AUC) of
an active ingredient for a period from 24 hours to one
month after the administration calculated from the blood

concentration is 40% to 80% of the whole AUC, and has an

_excellent sustained-release profile;

(59) The sustained-release .composition according to
the above-mentioned (2) in which the weight-average
molecular weight (Mw) of the lactic acid polymer is (i)
about 11;600 to about 20,000, which is characterized .in
that area under the blood concentration—time curve (AUC) of
an active ingredient for a period from one month to three
months after the administration is 10% to 35% of the whole
AUC, and has an excellent sustained-release profile;

(60) The sustained-release composition according to
the above-mentioned (2) in which the weight-average
molecular weight (Mw) of the lactic acid polymer is (ii)

about 19,000_ to about 27,000, which is characterized in
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blood level over a period of about 120 days to 400 days by
in vivo release of thé physiologiéally active substance
from the sustained—reléase composition;

(55). The sﬁstained—rélease composition according to
the above;mentioned (2) in which the weight-average
molécular wéight (Mw) of the lactic acid polymer is (i)

about 11,600 to about 20,000, which is characterized in

.that a ratio of a maximum blood concentration of an active

ingredient within 24 hours after the administration to an
average bloéd concentration of the active ingredient for a
period from 24 hours to one.month after the administration
is 2 to 50;

'(56) The sustained-release composition accordiﬁg to
the above-mentioned (2) in which the weight-average
molecular weight (Mw) of the lactic acidbpolymer is (1)
about 11,600‘ to about 20,000, which is characterized in
that a ratio of a maximum blooa cbncentration of an active
ingredient within 24 hours after the administration to an
average blood concentration of the active ingredient for a
period from one month to three months after the
administ}aﬁion_is 20 to 350;

(57) The sustained-release composition according to
the abovefmentioned (2) in which the weight-average
molecular weight (Mw) of the lactic acid polymer 1is (i)

about 11,600 to about 20,000, which is characterized in
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that a ratio of a ﬁaximum blood concentration of an active
ingredient within 24. hours after the administration to an
average blood concentration of the active ingredient for a
period from 24 hours to one month after the administration
is 10 to 90;

(61) AThe sustained-release composition according to

the above-mentioned = (2) in which the weight-average

-molecular weight (Mw) of the lactic acid polymer is (ii)

about 19,000 to about 27,000, which is characterized in
that a ratib of a blood maximum concentration of an active
ingredient within 24 hours after the administration to an
aﬁerage-biood concentration of the acti&e ingredient for a
peribd from one month to Six months after the
administration is 20 to 500;

(62) The sﬁstained—release composition according to

r

the above—méntioned ?2) in which the weight-average

Rals

molecular weight (Mw) of the lactic acid polymer is (ii)

about 19,000 to about 27,000, which is characterized in

- that area under the blood concentration-time curve (AUC) of

/

an active ingred;ent within 24 hours after the

administration calculated from the blood concentration is

1% to 20% of the whole AUC;

i
Y

(63)' The sustairied-release composition according to.

-the above-mentioned (2) in which the weight-average

molecular weight (Mw) of the lactic acid polymer is (ii)
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about 19,000 to about 27,000, which is characterized in
that area undef the blodd concentration—time curve (AUC) of
an active 1ingredient for a period from 24 hours to one
month after_the administration calculated from the blood
concentration is 10% to 50% of the whole AUC, and has an
excellent sﬁstained—release profile;

(64) The sustained-release composition according to

-the above-mentioned (2) in which the weight-average

molecular weight (Mw) of the lactic acid polymer is (ii)
about 19;000 to about 27,000, which is characterized in
that area under the blood concentration-time curve (AUC) of
an active ingredient for a period froﬁ one month to six
months after the administration is 40% to 90% of the whole
AUC, and has an'excellent sustained-release profile;

(65) A pharmaceutical composition comprising the
sustained-release composition according to the above-
mentioned (1);

(66) A prophylactic or therapeutic agent for prostate
cancer, prostatic  hyperplasia, endometriosis, uterine
fibroid, uterine fibroma, pfedocious puberty, dysmenorrhea,
or breast cancer, or a contraceptive agent, comprising the
sustained-release composition according to the above-
mentioned (1);

{(67) A prophylactic agent for premenopausal breast

cancer postoperative recurrence, comprising the sustained-
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release cbmposition according to the above-mentioned (1);
(68) A method fdr preventing or 'treating prostate
cancer, prostatic hyperplasia, endometriosis, - uterine
fibroid, uterine fibroma, precocious puberty, dysmenorrhea,
or breast cancer, or a method of contraception, comprising
administeriﬁg an effective amount'of the sustained-release

composition according to the above-mentioned (l)to a

-mammal;

(69) A method _for preventing premenopausal breast
cancer pOsfoperative recurrence, comprising administering
an effective amount of the sustainéd—release composition
according to the above-mentioned (1) to a mammal;

.(70) The method according to the above-mentioned (68)
or (69), characterized in that the sustained-release
composition is prepared by the method according to any one
of the above;mentioned (42) to (54); |

(71) Use of the sustained-release composition
according to the above-mentioned (1) for the manufacture of
a prophylactic or therapeutic agent for prostate cancer,
prostatic hyperplasia, endometriosis, wuterine fibroid,
uterine fibroma, precocious puberty, dysmenorrhea or breast
cancer, or a contraceptive agent;

(72) Use of the sustained-release composition .
according to the above-mentioned (i) for the manufacture of

a prophylactic agent for premenopausal breast cancer
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postoperative recurrence; and the like.

Brief Description of Drawings

Fig. 1 is a graph showing each transition of blood
drug level whenithe microcapsule powder prepared in Example
1 and Comparative Example 1 is respectively subcutaneoﬁsly

administered to a rat. The numerical value of the

~horizontal axis shows time, and the numerical value of the

longitudinal axis shows a blood concentration.

Fig. 2 1is a graph showing each transition of blood
drug level when the microcapsule powder prepared in
Examples 1, 2, 3, and 4 1is respecti&ely subcutaneously

administered to a rat. The numerical value of the

horizontal axis shows time, and the numerical wvalue of the

longitudinal axis shows a blood concentration.
Fig. 3 is a graph showing Cmax calculated from each

blood drug level transition when the microcapsule powder

'prepared in Example 1, Example 2, Example 3, Example 4,

Example 5 and Example 6 is respectively subcutaneously

admihistered to a rat. The numerical value of the

"horizontal axis shows the temperature at an emulsification,

and the numerical value of the longitudinal axis shows Cmax.
Fig. 4 1is a graph showing “area under the blood
concentration-time curve (AUC) for 24 hours after the

administration calculated from each blood drug level
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transitioh when the microcapsule powder prepared in
Examples 1, 2, 3, V4, 5, and' 6 is respectively
subcutaneously.édministered to a rat. The numerical value
of the horizontél axis shows the temperature at an
emulsification, and the numerical value of the longitudinal
axis shows AUC.

Fig. 5 is a graph showing AUC for a period from 4th

.weeks to 13th weeks after the administration calculated

from each blood drug level transition when the microcapsule
powder preéared in Examples 1, 2, 3, 4, 5, and 6 1is
respectively subcutaneously administered to a rat. The
numerical value of the horizontal. axis shows - the
température at”an emulsification, aﬁd the numerical value
of the'longitudinal axis shows AUC.

Fig. 6 1is a graph showing each blood drug level
transition when the microcapsule powder prepared‘iniExample
5 and Example 6 is respecfively subcutaneously administered
to a rat. The numerical.value of the horiiontal axis shows
time, and the numerical value of the longitudinal axis
shows a blood concentration.

Fig. 7 is a graph showing each dispersion time when
the microcapsule powder prepared 'in Example 6 and
Comparative Example 1 1is respectively suspended into a .
dispersion medium. The horizontal axis shows the

experimenter (total 3), and the numerical . value of the
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longitudihal axis shows the time for dispersion.

Fig. 8 1is a graph showing each blood ~drug level
transiﬁion»when the microcapsule powder prepared in Example
7 and Comparative'Example 4 is respectively subcutaneouslyv
administered to a rat.  The numerical value of the
horizontal éxis shows time, and the numerical value of the
longitudinal éxis shows the blood concentration.

Fig. 9 1is a graph showing each blood drug level
transition when the microcapsule powder prepared in
Examples é and 10, and Comparative - Example 5 is
respectively subcutaneously administered to a rat. The
numerical value of the horizontal axis shows time, and the
numerical value of the longitudinal axis shows the blood

concentration.

Best Mode for Carrying Out the Invention

While the water-soluble physiologically active peptide
to be used 1in the present invention vis not limited
particularly as long as it is pharmacologically useful, for
example, a physiologically active peptide having a
molecular weight of about 300 to about 40,000, preferably,
about 400 to about 30,000, more preferably, about 500 to
about 20,000 is suitable.

The physiologically active 'peptide includes, for

example, luteinizing hormone-releasing hormone (LH-RH),
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insulin, 4somatostatin, growth hormone, growth hormone
releasing hormone (GH—RH), prolactin, - erythropoietin,
adrenal cortical hormone, melanocyte-stimulating hormone,
thyroid-hormone feleasing hormone, thyroid-stimulating
hormone, luteinizing hormone, follicle-stimulating hormone,
vasopressin; oxytocin, calcitonin, gastrin, secretin,

pancreozymin, cholecystokinin, angiotensin, human placental

. lactogen, human °~ chorionic gonadotropin, enkephalin,

endorphin, kyotorphin, tuftsin, thymopoietin, thymosin,
thymothymulin,‘thymic humoral factor, blood thymic factor,
tumor necrosis factor, colony-inducing factor, motilin,
dynorphin, bombesin, neurotensin, caefulein, bradykinin,
atrial natriuretic factor, nerve growth factor, cell growth
factor, neurotrophic factor, and peptides having an
antagonistic action against endothelin, and derivaﬁives
thereof, and further includes the fragments thereof or the
derivatives of the fragments and the like.

The physiologically active substance to be used in the
present invention may be as it is, or a pharmaceutically
acceptable salt thereof.

Examples of such a salt include, in the case that the
physiologically active substance has a basic group such as
an amino group, a salt with an inofganic acid (referred to

also as an inorganic free acid) (e.g., carbonic acid,

bicarbonic acid, hydrochloric -acid, sulfuric acid, nitric
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acid, boric acid, etc.), an organic acid (referred to also
as an organic free acid) (e.g., succinic acid, acetic acid,
propionic acid, trifluorocacetic acid, etc.) or the like.
Examples of fhe salt include, in  the case that the
physiologically -active substance has an acidic group such
as a carbcxyl group, a salt with an inorganic base

(referred to also as an inorganic free base) (e.g.,

-alkaline metal such as sodium and potassium, alkaline earth

metal such as calcium and magnesium, etc.), an organic base
treferred tc also as an orgahic free base) (e.g., organic
amines such as triethylamine, basic amino acids such as
arginine, etc.) or the like. Moreover,.the physiologically
actiﬁe peptide may form a metal complex compound (e.g., a
copper complex, a zinc complex, etc.).

A preferred example of the physiologically active
peptide includes an LH-RH derivative that is useful for a
hormone ' dependent disease, especially, sex hormone
dependent disease such as sex hormone .dependent cancer
(e.g., 'prostatic cancer, uterus cancer, breast cancer,

hypophyseal tumor, etc.), benign prostatic hypertrophy,

endometriosis, uterine fibroid, precocious puberty,
dysmenorrhea, . amenorrhea, premenstrual syndrome,
multilocular ovarian syndrome and the like, and |

contraception (or infertility in the case of utilizing a

rebound effect after the drug withdrawal) and premenopausal
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breast caﬁeer postoperative recurrence, and a salt thereof.
Furthermere, the example includes aﬁ LH-RH derivative that
is -effective for a benign or malignant tumor that is
independent‘from eex_hormone but susceptible to LH-RH, or
the salt thereof.

A‘speeific example of the LH-RH derivatives or the

salt thereof includes, for example, Treatment with GnRH

-analogs: Controversies and perspectives [issued by The

Parthenon Publishing Group Ltd., 1996] and a peptide
described-in JP-A 3-503165, Jp-A 3-101695, JP-A 7-97334,
JP-A 8-259460, and the like.

Examples of the LH-RH derivative include a LH-RH
agonist or a LH-RH antagonist. As the LH-RH antagonist,
for exémple, a physiologically active peptide represented
by a general formula [I}: |
X-D2Nal—D4ClPhe—D3Pal—Ser—A—B—Leu—C—Pro—DAlaNH2
wherein, X represents N (4H-furoyl)Gly er NAc, A represents
a residue selected from NMeTyr, Tyr; Aph (Atz), and
NMeAph (Atz), B represents a residue selected from DLys (Nic),
DCit, DLys (AzaglyNic), DLys (AzaglyFur), DhArg (Ets),
DAph (Atz), and DhCi, and C represents Lys(Nisp), Arg, or
hArg(Et,;), or a salt thereof is used.

- As the LH-RH agonist, for example, a physiologically .
active peptide represented by a general formula [I1]:

5-oxo-Pro-His-Trp-Ser-Tyr-Y-Leu-Arg-Pro-2



10 -

15

20

25

WO 2008/075762 . PCT/JP2007/074617

28

wherein, Y represents a residue selected from DLeu, DAla,
DTrp, DSer(tBu), D2Nal.and DHis(Imle), and Z represents
NH-C,Hs or Gly-NH;, or the salt thereof is used. In
particular, a pepfide in which Y is DLeu and Z is NH-C,Hs
(that is, Peptide A represented by 5-oxo-Pro-His-Trp-Ser-
Tyr—DLeu-Leﬁ—Arg-Pro-NH—Cﬁﬁ: leuprorelin) or a salt
thereof (e.g., acetate) is suitable. |

Those peptides can be prepaﬁed by a method described
in the foregoing references or the publications or
analogous méthods thereof.

The abbreviations used herein represent the following:
Abbreviation: Name
N(4H§—furoyl)Gly: N-tetrahydrofuroylglycine residue
NAc: N—acetyl group
D2Nal: D-3-(2-naphthyl)alanine residue
D4ClPhe: D—3—(4—chloro)phenylalanine residue
D3Pal: D—3—(3—pyridyl)alaﬁine residue
NMeTyr: N-methyltyrosine residue

Aph (Atz) : N-[5'"-(3'~-amino-1'H-1"',2"',4"'~

'triazolyl)]phenylalanine residue

NMeAph (Atz) : " N-methyl-[5'-(3'-amino-1'H-1',2"',4"'~
triazolyl)]phenylalanine residue

DLys (Nic): D-(e-N-nicotinoyl)lysine residue

Dcit: D-citrulline residue

DLys (AzaglyNic): D-(azaglycylnicotinoyl)lysine residue
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DLys(Azaginur): D-(azaglycylfuranyl)lysine residue
DhArg(Eté): D—(N,N'—diethyl)homoarginine residue
DAph (Atz) : D-N-[5'-(3"-amino-1'H-1"',2'",4"'-

triazolyl) ]phenylalanine residue

DhCi: D-homocitrulline residue

Lys (Nisp) : (e-N-isopropyl)lysine residue
hArg (Ety) : (N,N'-diethyl)homoarginine residue

Otherwise, an amino acid, when designated as an
abbreviation, is based on an abbreviation by IUPAC-IUB
Commission en Biochemical Nomenclature (European Journal of
Biochemistry, Vol. 138, pages 9 to 37, 1984) or a common
abbreviation in the:art, and when an amino acid can have
optieal isomers, unless otherwise specified, it represents
an L form.

The lactic acid polymer to be used 1in the present
invention (hereinafter, occasienaliy abbreviated as lactic
acid polymer ef the present invention) includes a polymer
consisting only of lactic acid, or a copolymer of lactic
acid and other monomer (e.g., glycolic acid, etc.). The
lactic acid polymer includes polylactic acid or polylactide.
As the copolymer of lactic acid-glycolic acid, those having
a composition ratio of lactic acid/glycolic acid of 60/40
to 99.9/0.1 <can be used. In the sustained—felease_
preparation of the present invention, polylactic acid or.

polylactide is preferred, especially, poly-DL-lactic acid
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or poly—DL—laétide is preferred.

Furthermore, the weight—averagé molééular. weight of
the lactic acid polymer used in the sustained-release
preparation of the present invention 1is usually about
11,000 to about 27,000, preferably, about 11,600 to about
20,000 or about 19,000 to about 27,000. 1In particular; in

the sustained-release preparation in which the release of

-the physiologically active substance in vivo from the

preparation can maintain an effective drug blood
concentratién for a period from about 60 days to 130 days,
about 11,600 to about 20,000 is preferable, about 12,000 to
about 19,000 is more preferable,.and abéut,l3,000 to about
18,000 is further more preferable. On the other hand, in
the sustained-release preparation in which the release of
the physiologically active substance in vivo from the
preparation  can maintain an effective drug blood
éoncentration for a period from about 120 days to 400 days,
about 19,000 to about 27,000 is preferable; about 19,500 to

about 26,500 is more preferable, and about 20,000 to about

'26,000 is further more preferable.

When the weight-average molecular weight (Mw) of the
lactic acid polymer is about 11,600 to about 20,000, it is
preferable that a ratio of the Wéight—average molecular
weight (Mw) to the number-average molecular weight (Mn) is

more than 1.9. When the weight-average molecular weight
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(Mw) of the lactic acid polymer is abéut 19,000 to about
27,000, it is preferablé that a ratib of the weight-average
molecular weight (Mw) to the number-average molecular
weight (Mn) 1is ﬁore than 1.5. Here, a weight-average
molecular weight (Mw) and a number-average molecular weight
(Mn) can bé measured by a gel permeation chromatogréphy
(GEC) .

In addition; the lactic acid polymer to be used in the
sustained-release preparation in which the release of the
physiologicélly active substance in vivo from the
preparation can maintain an effective drug blood
concentration for a period from.about 120 days to 400 days
is a polymer wherein, usually, a content of a polymer
having'a molecular weight of 5,000 or less is about 5% by

weight or less, preferably, a content of a polymer having a

‘-molecular weight of 5,000 or less is about 5% by weight or

less and a content of a polymer having a molecular weight

of 3,000 or less is about 1.5% by weight or less, further

preferably, a cbntent of a polymer having a molecular

weight of 5,000 or less is about 5% by weight or less, a
content of a polymer having a molecular weight of 3,000 or
less is about 1.5% by weight or less and a content of a
polymer having a molecular weight of 1,000 or less is about
0.1% by weight or less.

A lactic acid polymer having a high-molecular weight
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to be a faw material of the lactic acid polymer of the
present invention may be commerciaily available or those
polymerized by a known method, and the weight-average
molecular weight is usuall? about 11,000 to about 27,000,
preferably, abéut 11,600 to about 20,000 or about 19,000 to
about 27,000.

The known polymerization method includes, for example,

.a method of polycondensing lactic acid and glycolic acid if

necessary, for example, a method by _ring—opening
polymeriZation of lactide, and if necessary, together with
glycolide with using a catalyst such as Lewis acid such as
diethyl zinc, triethyl aluminum and tinvoctylate, or metal
salf, a method by ring-opening polymerization of lactide
further in the presence of a hydroxycarboxylic acid
derivative whose carboxyl group is protected, in the above—
described method (e.qg., International Publication WO
00/35990, and the like), in addition to a method by ring-
opening polymerization wherein a catalet is added to
lactide under heating (e.g., J. Med. Chem, 16, 897 (1973))
and, for example, a .method of copolymerizingblactide and
glycolide.

Examples of the polymerization form include a bulk
polymerization wherein lactide and the like is melted to be
subjected to a polymerization, a solution polymerization

wherein lactide and the like is dissolved in an appropriate
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solvent tb be subjected to a polymerizaion. Among them, it
is preferable in induétrial proddction “that a polymer
obtained by a solution polymerization is used as a raw
material of a lacfic acid polymer of the presént invention.

Examples of the solvent for dissolving lactide in the
solution polymerization include aromatic hydrocarbons such

as benzene, toluene and xylene, and dekalin,

~dimethylformamide and the like.

For hydrolyzing the lactic acid polymer having high-
molecular weight obtained as described above, a hydrolysis
method known per se is used, for example, the lactic acid
polymer having a high-molecular weight ﬁay be dissolved in
an éppropriate solvent and then, react with adding water
and if hecessary, an acid.

Examples of the solvent for dissolving the lactic acid
polymer havihg a high-molecular weight include a solvent
that can dissolve the lactic acid polymer with an amount of
10-fold weight or less of the polymer,.and specifically
include a halogenated hydrocarbons such as chloroform and
dichloromethane, aromatic hyercatbons such as toluene, o-
xylene, m-xylene and p-xylene, and cyclic ethers such as
tetrahydrofuran, acetone, N,N-dimethylformamide and the
like. Additionally, in the polymerization of a lactic acid
polymer having a high-molecular Weight, when a solvent

available for hydrolysis of a -lactic acid polymer having a
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high—moleéular weight is used, operations of the
polymerization and the hydrolysis can be performed
continuously without isolation of the polymerized 1lactic
acid polymér haviﬁg a high-molecular weight.

The amount of the solvent to be used for dissolving
the lactic.acid polymer having a high-molecular weight is

generally 0.1 to 100 times, preferably 1 to 10 times to the

- lactic acid polymer as a solute.

The additive amount of water is generally 0.001 to 1-

fold weight, preferably 0.01 to 0.1-fold weight to the

~lactic acid polymer having a high-molecular weight.

The acid to be added if neceésary, includes an
inorgénic acid such as hydrochloric acid, sulfuric acid,
and nitric acid, and an organic acid such as lactic acid,
acetic acid, trifluoroacetic acid, and preferably a léctic
acid.

The'additivé amount of the acid is generaliy 0 to 10-
fold weight, and preferably 0.1 to l—foid weight to the
lactic acid polymer.having a high-molecular weight.

The temperature of the hydrolysis reaction is
generally O to.150°C, preferably 20 to 80°C.

The time of the hydrolysis reaction may vary depending
on the weight-average molecular weight of the lactic acid.
polymer having a high-molecular Weight and the reaction

temperature, and 1s generally 10 minutes to 100 hours, and
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preferably 1 to 20 hours.

'The termination time of the hydrolysis treatment is
determined based on the weight-average molecular Weight of
the hydrolysis prdduct. That is, sampling is appropriately

performed during the hydrolysis treatment, the weight-

average molecular weight of the hydrolysis product in the

sample is measured by a gel permeation chromatography (GPC)

.and, if it is confirmed that the molecular weight is in the

targeted numeric range, the hydrolysis treatment 1is
terminated.

As a method for precipitating the targeted lactic acid
polymer from the solution containing thé hydrolysisvproduct
obtained by subjecting the lactic acid polymer having a
high—molecular weight to hydrolysis as described above, a
method contactiﬁg the sQlution containing the hydroiysis
product with a solvent that can precipitate the targeted
lactic acid polymer contained thefein, and the like are
exemplified.

Examples of a preferable embodiment of the solution
containihg hydrolysis product include, for example, a
solution in which about 10 to 50 wt% of the lactic acid
polymer having a weight—average molecular weight of 15,000
to 50,000, preferably 15,000 to 30,000, more preferably.
17,000 to 26,000, especially preferably 17,500 to 25,500 is

dissolved in a solvent capable of dissolving the lactie
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acid polYmer having a high-molecular weight such as
halogenated hydrocarbbns such ‘as chloroform and
dichloromethane, aromatic hydrocarbons such as toluene, o-
xylene, m—xylene,.and p-xylene, and cyclic ethers such as
tetrahydrofurén, acetone, N;N—dimethylformamide. When the
sustained—rélease preparation of the present invention ddes

not contain hydroxynaphthoic acid, a solution in which

-about 10 to 50wt% of the lactic acid polymer having a

weight-average " molecular weight of 15,000 to 50,000,

‘preferably 15,000 to 40,000 is dissolved, and the like are

exemplified.

Examples of the solvent capable of precipitating the
targéted lactic acid polymer contained 1in the solution
contaiﬁing hydrolysis product include, for . example,

alcohols such as methanol and ethanol, chain-ethers such as

.isopropyl eﬁher, aliphatic hydrocarbons such as hexane,

water and the like.

The amount to be used of the soivent capable of
precipitating the targeted lactic acid polymer is generglly
0.1 to 100-fold weight, preferably, 1 to lo—fold weight to
the solvent in the solution containing hydrolysis product.

The preferable specific example o0f the combination of
kind and amount to be used of such solvent includes én,
embodiment wherein isopropyl ether as a solvent for

reducing the solubility is used with an amount of 2 to 10-
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fold weight to the dichloromethane.in terms of the solution
containing hydrolysis pfoduct whereih 1 to'5—fold weight of
dichloromethane is used as a solvent to the solute. |
When the sol&ent capable of precipitating the targeted
lactic acid polymer as a solute is contacted with the
solution coﬁtaining'hydrolysis product, the temperaturé of

the solvent is generally -20 to 60°C, preferably, 0 to 40°C,

-and the temperature of the solution containing hydrolysis

product is generally 0 to 40°C, preferably 10 to 30°C.

Examplés of the métﬁod for contacting the solvent and
the solution containing hydrolysis product include a method
of adding the solution containing hydrélysis product into
the éolvent at one time, a method of adding dropwise the
solution containing hydrolysis product to the solvent, a
method of adding the solvent to the solution .containing
hydrolysis' éroduct at one time, or a method of adding
dropwise the solvent to the solution containing hydrolysis
product.

The lactic acid polymer of the present invention
obtained as described above is preferable as a Dbase
éubstrate for a sustained-release preparation because the
amount of terminal carboxyl groups is in a preferable range

as a base substrate for a sustained-release preparation.

w In the sustained-release preparation of the present

invention, a fatty acid can be added into the microcapsule
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of the suétained—release preparation so that the blood drug
concentration 1is ideaiized in an onset part within a
certain period froﬁ'the early stage on the administration
to a patient and a water;soluble physiologically active
peptide as an active ingredient can be stably sustained-
released ovér.a more longer period of time.

The fatty acid to be used in the present invention

.means a carboxylic acid that has a chain structure of

straight chain or alkyl group having side chain and has one
carboxyl group, as well as benzoic acid, hydroxynaphthoic-
acid, and pamoic acid. = The carboxylic acid that has a
chain structure of straight chain or alkyl group having
sidé chain is preferably those having four or more carbons,
and specifically includes butyric acid, valeric acid,
caproic acid, enanthic acid, caprylic acid, pelargonic acid,
capric acid,‘undecylic acid, lauric acid, tridecylic acid,
myristic‘ acid, pentadecylic acid, palmitic acid,
heptadecylic acid, stearic acid, noﬁadecanoic acid,
arachidic acid, isocrotonic acid, undecylenic acid, oleic
acid, elaidic acid, sorbic acid, linoleic acid, 1lionlenic
acid, arachidonic acid, and the 1like. Stearic acid,
benzoic acid, hydroxynaphthoic acid, pamoic acid and the
like are more preferred.

While the additive amount of the fatty acid may vary

depending on the kind of fatty acid, the kind of water-
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soluble physiological active peptide and additive amount
thereof, the period of sustained reiease,'and the like, it
is O.l.to 10 moles, preferably 0.2 to 5 moles, further more
preferably 0.25 fo 2 moles, especially preferably 0.5 to
1.5 moles, to 1 mole of the water-soluble physiologically
active peptide or a salt thereof.

Moreover, the weight ratio of the fatty .acid to the

-whole microcapsule is about 0.01 to about 50% by weight,

preferably about 0.1 to about 25% by weight, further more

"preferably about 2 to 10% by weight.

While the weight ratio of the water-soluble
physiologically active peptide in the'composition of the
preéent invention may vary depending on the kind of the
physiologically active peptide, the desired pharmacological
effect, duration of the effect, and the like, it is ébout
15 to about 35% by weight, preferably, about 16 to about
30% by weight, more preferably about 17 to about 26% by
weight, further more preferably about 17.to about 23% by
weight, and most preferably about 18 to about 22% by weight
to the whole microcapsule (the content of the
physiologically active substance in the microcapsule).

While the weight ratio of the physiologically active
substance in the composition of the present invention may
;ary depending on the kind of physiologically active

substance, the desired pharmacological effect, duration of
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the effect, and the like, it is, in the sustained-release

composition containing fhe physiologically‘active substance

or a salt thereof and the lactic acid polymer or a salt

thereof, about O;OOl to about 50% by weight, preferably
e

about 0.02 to about 40% by weight, more preferably about

0.1 to about 30% by weight, and most preferably about 14 to

about 24% by weight relative to the sum of the composition,

-and in the case of non-peptidic physiologically active

substance or the salt thereof, the weight ratio is about
0.01 to abéut 80% by weight, and preferably about 0.1 to
about 50% by weight.

The form of the sustained—releasevcomposition herein
is, but not limited to, preferably a form of fine particles,
especially preferably a form of microsphere (reférred to
also as a microcapsule in the case of the sustained—reiease
composition éontaining the lactic acid polymer). Moreover,
the microsphere herein indicates an injectable spherical
fine particle.that can be dispersed in é solution. The
form can be confirmed through observation by, for example,
a scanning electron microscope.

A method for éroducing the sustained-release
composition (for example, a microcapsule) containing the
present physiologically active substance or a salt thereof

and the present lactic acid polymer or a salt thereof will

be exemplified below.
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In the following production process, where appropriate,
a drug retaining agent (é.g.,-gelatin, salicylic acid and
the like) may be added‘by a method known per se.

In the presént methéd, firstly, the ‘lactic acid
polymer of the present invention {(hereinafter, referred to
alsd as a biodegfadable polymer of the present invention)

or a salt thereof is dissolved in a volatile water-

immiscible first solvent to prepare a first solution. The

solvent wused as the above—described first solvent has
preferably é boiling point of 100°C or lower.

As the first solvent, for example, a halogenated
hydrocarbon (e.qg., dichloromethane, chloroform,
dichioroethane, trichloroethane, carbon tetrachloride; and
the like), ethers (e.g., diethyl ether, diisopropyl ether,
and the 1like), a fatty ester (e.g., ethyl acetate, butyl
acetate, and‘ the 1like), an aromatic hydrocarbon (e.g.,
benzene, 'toluene, xylene, and fhe like) are used. Among
them, a halogenated Thydrocarbon is "preferable, and
dichloromethane is especially suitable. Moreover, they may
be mixed to use at an.appropriate ratio.

The concentration of the biodegradable polymer of the
present invgntion in an organic solvent solution may vary
depending on the molecular weight of the biodegradable
polymer of the present invention and the kind of the

organic solvent, but, for example,. when dichloromethane is



10

15

20

25

WO 2008/075762 o : PCT/JP2007/074617

42

used as an organic solvent, the concentration is generally
selected from about 0;5 to  about 70% by weight, more
preferably about 1 to ébout 60% by weight, and especially
preferably about 33 to abouﬁ 45% by weight.

Then, the physiologiqally active substance comprised
of the water~soluble physiologically active peptidé is

dissolved in a water-miscible second solvent to prepare a

.second solution. The water-miscible solvent used as the

above second solvent is miscible with water at a constant

rate, and preferably‘has a boiling point of 100°C or lower.
As the second solvent, for example, lower alcohols

(e;é., - methanol, ethanol, propanol, and the like),

‘acetonitrile, acetone, tetrahydrofuran and the 1like are

used. Among them, a lower alcohol is preferable, and
methanol and ethanol are especially suitable. 1In addition,
théy may be mixed to use at an appropriate ratio.

Furthermore, as a solvent-to dissolve the lactic acid
polymer or a salt thereof in preparing thé first solution,
in addition to the;'use of the first solvent, a water-
miscible third solvent can be added thereto. In this case,
the third solvent can be: selected from the same solvent as
the second solvent.

Subsequently, the resultant first solution and the

second solution are mixed to preparé a third solution. The

‘resultant third solution is preferably a solution wherein
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the lactic acid polymer or a salt thereof and the
physiologically active substance are uniformly dissolved,
and additionally, in the next step, the lactic acid polymer
or a salt thereof and the physiologically active substance
are not deposited during the  process of "removing the
solvent from the solution.

In this case, the physiologically active substance 1is

-to be added so thatvthe physiologically active substance is

contained with the amount of 15 to 35 (weight/weight)$% to

the whole microcapsule (content of the physiologically

active substance in microcapsule). Therefore, the loading

amount Qf drug such as physiologically active substance is
abodt 17 to aboutISO% by weight, preferably about 18 to
about 43% by weight, more preferably about 19 to about 38%
by weight, further more preferabiy about 19 to about 25% by
wéight,mand most preferably about 20 to about 23% by weight.

Herg;n{; the loading amount is a calculated rate of the

“added amount of physiologically active substance to the

total additive amount of each component comprising the

mictocapsule in , the .preparation. On the other hand, the

‘éntrapment ratio of the drug such as physiologically active

substagce is about 75% by weight or more, preferably about
80% by weight or more,fmore preferably about 82% by weight
or more, further mbr%wpreferably about 85% by weight or

more, and’ most preferably about 89% by weight or more.
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Herein, the entrapment ratio i1s a calculated rate of the
drug incorporated into microcapsule‘to the added amount of
the physiologically active substance.

The volume ratio of the above water-immiscibile
solvent and water-miscible solvent (including the thifd
sblvent in fhe case that the third solvent is.added to the

first solvent) to be used in the step preparing the third

. solution is generally 35:65 to 55:45.

Then, the resultant third solution is dispersed into a
fourth 36lﬁtion comprised of aqueous solution of an
emulsifier to prepare the O (o0oil phase)/W (water phase) -
emulsion, and then microcapsule is prepéred by removing the
abové—mentioned first and second solvents. When a third
solvent is added to the first solvent, the third solvent is
simultaneously removed at this 'step. In this case,. the
water phase>volume is generally selected from about 1 to
about 10,000 timeé, more preferably about 5 to about 5,000
times, and especially preferably about 10 to about 2,000
times of the oil phase volume.

The emulsifier .contained in the above water phase
generally may be any emulsifier which can form a stable O/W
emulsion. Specifically, for example, anionic surfactants
(e.g., sodium  oleate, sodium stearate, sodium iauryl,
sulfate, and the like), nonionic surfactants (e.g.,

polyoxyethylene sorbitan fatty ester [Tween 80, Tween 60;
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Atlas Péwder Co. Ltd], polyoxyethylene castor oil
derivatives [HCO-60, HCC—SO, Nikko Chemicals Co. Ltd] , and
the like), polyvinylpyrrolidone, polyvinyl alcohol,
carboxymethylcellﬁlose, lecithin, gelatin, and hyaluronic
acid are used. One kind or some of these may be used alone
or 1in combination. The concentration upon use is

preferably in the range of about 0.01 to 10% by weight, and

-more preferably in the range of about 0.05 to about 5% by

weilght.

An ‘osﬁo—regulator may be added to the above water
phase. Said osmo-regulator may be any one which shows an
osmotic pressure in aqueous solution.

AExamples of the osmo-regulators include, for example,
polyvalent alcohols, monovalent alcohols, monosaccharides,
disaccharides, oligosaccharide and amino acids. or
derivatives thereof.

For  the above polyvalent alcohols, for example,
trivalent alcohols such as glycerin, penﬁavalent alcohols
such as arabitol, xylitol, and adonitol, hexavalent
alcohols such as mannitél, sorbitol and dulcitol are_used.
Among them, hexavalent alcohols is preferable, and mannitol
is especially suitable.

The above monovalent alcohols include, for example, .
methanol, ethanol, and isopropyl élcohol, and among them,

ethanol is preferable.
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For.the above monosaccharides, for example, pentoses
such as arabinose, xylose, riboée and 2-deoxyribose,
hexoses such as glucose, fructose, galactose, mannose,
sorbose, rhamnose' and fucose are used, and among them,
hexoses are preferable.

For fhe above oligosaccharide, for example,

trisaccharide such as maltotriose and raffinose,

- tetrasaccharide such as stachyose are used, and among them,

trisaccharide is preferable.

As  the derivatives of the monosaccharide,
disaccharides and oligosaccharide mentiéned above, for
example, glucosamine, galactosamine, | glucuronic acid,
galaéturonic acid and the like are used.

As the above amino acids, any one can be used as long
as it 1is L-form. For example, glycine, leucine, arginine
and the like are exemplified. Among them, L-arginine is
preferable.

These osmo—regulatqrs may be used élone or with a
mixture.

These osmo-regulators are used at a concentration that
makes the osmotic preséure of outer water phase about 1/50
to about .5 times, preferably about 1/25 to about 3 times of
the osmotic pressure of a physiblogical saline. When
mannitol is used as the osmo—reguiator, the concentration

is preferably 0.5 to 1.5%.
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As the method for removing. the first and second
solvents (including a third solvent{ when third solvent is
added to the first solvent; the same is applied
hereinafter), a ﬁethod known per se or analogous method
thereto is used. The examples of the method include a
method for. evaporating an organic solvent under ambient

pressure or with gradually reducing pressure with stirring

by a propeller type stirrer, magnetic stirrer or the like,

and a method "for evaporating an organic solvent with
regulating ﬁacuum using rotary evaporator, and the like.
Especially, an in-water drying method wherein the solvent
is removed with stirring wunder ambient pressure 1is
preférable.

In the sustained-release preparation of the present
invention, the control temperaturé of the emulsification
process in which the first and second solvents are removed
may be ‘adjusted in order to idealize the blood drug
concentration of a maintenance part in oﬂe month or later

after the administration to patients, and stably and

‘sustainably ~ release . the water-soluble physiologically

active peptide as an active ingredient.

The control temperature of the emulsificationrprocess
in which, the first and second solvents are removed can be
adjusted to, for example, about 5 to 50°C. Further, it is

preferably adjusted to about 15 to 35°C, especially about
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15 to 306C. In this case, the method for controlling
temperature includes a.nethod of adjustiﬁg the above O/W
emulsion to -the above temperature, and a method of
preparing an emuision by mixing the third and fourth
solutions adjusted to the above temperature, as well as a
method of .placing‘ all processes of the emulsification
process in an environment set at the control temperature.

The microcapsule thus obtained is collected by

centrifugation or filtration, and then washed repeatedly

with distiiled water several times to remove the free
physiologically active substance, emulsifier and the like
which are adhered to the surface of micfocapsule, and then
the -microcapsule is re-dispersed into distilled water
before 1yophilized.

During the preparation process, an agglutinétion
inhibitor may be added to prevent agglutination of the
particles. The agglutination inhibitor includes, for
example, a water-soluble polysaccharide Such as mannitol,
lactose, glucose, and starches (e.g., corn starch), amino
acids such as glyéine, and .proteins' such as fibrin and
collagen. Among them, mannitol is suitable.

The additive aﬁount of the agglutination inhibitor
sﬁch as mannitol is generally 0 to about 24% by weight to .
the whole microcapsule.

In addition, after lyophilization, where necessary,
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o
the microcapsules may be heated under reduced pressure and
the condition of not causing a mutual fusion of
microcapsules, to femove water and the organic solvents in
microcapsules. If is pfeferable_to heat at a temperature
around or slightly higher than the intermediate point glass
transition femperature of biodegradable polymer determined

by a differential scanning calorimeter under the conditions

-of temperature increasing speed of 10 to 20°C per minute.

It is more preferable to heat at a temperature around the
intermediate point glass transition temperature of
biodegradable polymer br,within the rangé of temperature
higher by about 30°C than the intermédiate point glass
transition temperature. Especially, whén a lactic acid-
glycolic acid polymer is used as a biodegradable polymer,
heating 1is qonducted preferably at temperatures lying
within the rénge from around the intermediate point glass
transition temperature to a temperature higher than the
intermediate point glass transition temperature by 10°C,
further preferably at temperatures lying within the range
from around the intermediate ©point glass transition
temperature to a temperature higher than the intermediate
point glass transition temperature by 5°C.

Although the heating time may vary depending on the
amount of microcapsules and the like, it is generally about

12 hours to 168 hours, preferably about 24 hours to 120
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hours, eépecially preferably about 48 hours to 96 hours

after the microcapsule itself reached the predetermined

temperature.

The heating method is not especially limited as long
as a set of microcapsules can be uniformly heated.
As the heat-drying method, for example, a method of

heat-drying in thermostat bath, fluidized bath, moving bath

-or kiln, and a method of heat-drying by microwave. Among

them, the method of heat-drying in thermostat bath is
preferable.

In the production of the sustained-release preparation
containing a fatty acid of the present invention, it can be
prepéred by adding a fatty acid to the first solution that
is a pdlymer solution and/or the second solution that is a
physiologically active peptide solution or the third
solution that is a mixed solution thereof.

A  method for preparing the sustained-release
preparation containing a fatty acid-.of the present
invention is exemplified below.

In the'method, first, the lactic acid polymer of the
present invention or a salt thereof is dissolved in a
volatile and water-immiscible first solvent to prepare a
first solution. In the solvent used as the above first .
solvent, preferably the boiling poiht is 100°C or lower.

The first solvent includes, for example, halogenated
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hydrocarbbns (e.qg., dichloromethane, chloroform,
dichloroethane, trichloroethane, cafbon tetrachloride, and

the like), ethers (e.g., ethyl ether, isopropyl ether, and

 the like), fatty esters (e.g., ethyl acetate, butyl acetate,

and the 1like), aromatic '~ hydrocarbons (e.g., benzene,
toluene, xylene, and the 1like). Among them, halogenated

hydrocarbons are preferable, and especially dichloromethane

. is suitable. They may be mixed to use at an appropriate

ratio.

The'coﬁcentration of the biodegradable polymer of the
present invention in the organic solvent solution may vary
depending on the molecular weight of the biodegradable
polymer of the present invention and the kind of organic
solvent, and for example, when dichloromethane is used as
an organic solvent, the concentration is selected geneially
from about 0.5 to about 70% by weight, more preferably
about 1 to about 60% by weight, especially preferably about
33 to about 45% by weight. |

When the’fatty_acid is added to the first solution
that is a polymer solutidn,'the fatty acid is added to the

first solvent after the biodegradable polymer is dissolved

into the first solvent or when the biodegradable polymer is

dissolved into the first solvent. At this time, if the
fatty acid is dissolved when the third solution described

below 1is prepared, the fatty acid does not need to be
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completély dissolved at this step, but a solubilizing agent
can be used to dissolverthe fatty acid as appropriate. The
solubilizing agent is not especially limited as long as if
can be used as thé first sélvent-or as the second solvent
that is a solvent for a physiologically active peptide, and
lower alcohols to  be used as the second solvent are

preferred, and methanol and ethanol are particularly

.preferred. In addition, it may be heated to dissolve the

fatty acid.

Thern, fhe physiologically active substance comprised
of a water-soluble physiologically active peptide is
dissolved in a water-miscible second sdlvent to prepare a
second solution. _The solvent used as above second solvent
is miscible with water at a constant rate, and the boiling
point is preferably 100°C or lower.

vAs the second solvent, for. example, lower alcohols
(e.qg., methaﬁol, ethanol, propanol, and the like),
acetonitrile, acetone, tetrahydrofuran, énd the like are
used. Among them, lower alcohols are preferable, and
especially methanol or ethanol is suitable. Further, they
may be mixed to use at an appropriate ratio.

In addition, as a solvent for dissolving the lactic
acid polymer or a sait thereof.in'the preparation of the
first sclution, in addition to the use of the first solvent,

further a water-miscible third solvent can be added thereto.
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In this éase, the third solvent may be selected from the
same solvents.as the seéond solvents.

When the fatty acid is added to the second solution
which is a solutibn of physiologicaliy active peptide, the
fatty acid is added to the second ‘solvent after the

phyéiologically active peptide is dissolved in the second

solvent or when the physiologically active peptide 1is

.dissolved in the second solvent. At this time, if the

fatty acid is dissolved when the third solution described
below is’ pfepared, the fatty acid does not need to be
completely dissolved at this step, but a solubilizing agent
can be used to dissolve the fatty acid és appropriate. The
solubilizing agent is not limited as long as it can be used
as the first solvent or as the second solvent. In addition,
it may be heated to dissolve the fatty acid.

Subsequéntly, the obtained first and second solutions
are mixed to prepare the third solution. It is“desirable
that the third solution obtained here a solution wherein

the lactic acid polymer or a salt thereof and the

'physiologically active substances are uniformly dissolved,

and additionally, in the next step, the lactic acid polymer
or a salt thereof and the physiologiéally active substance
are not deposited during the process of removing the
solvent from the solution. Further, when a fatty acid is

added, it is desirable that the fatty acid is uniformly
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dissolved; and further in the next step, it is not
precipitated.

In this case, the physiologically active substance is
to be added so thét the phyéiologically active substance is
contained with the amount of 15 to 35 (weight/weight)$% to
the whole‘ﬁicrocapsule (a content of the physiologically

active substance in microcapsule). Therefore, the loading

~amount of drug as a physiologically active substance is

about 17 to about 50 % by weight, preferably about 18 to
about 43 % by weight, more preferably about 19 to about

38 % by weight, further more preferably about 19 to about

oe

25_ by weight, most preferably about.20 to about 22% by
weight. A loading amount is a calculated rate of the added
amount of the physiologically active substance to the total
additive amount of each component comprising microcapsule
in the pfeparation. The entrapment ratio of drug such as

physiolodgically active substance is about 75 % by weight or

more, preferably about 80 3% by weighﬁ or more, more

-preferably about 82 % by weight or more, further more

preferably about 85 % by weight or more, most preferably'
about 89% by weight or more. Herein,»the entrapment ratio
is a calculated rate of the drug incorporated into
microcapsule to the additive amount of the physiologically
active substance.

The volume ratio of the above water—-immiscible solvent
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and watef—miscible solvent (including the third solvent
when the third solvent is added to the first solvent) to be
used in the step of preparing the fhird solution is
generally 35:65 té 55:45,

When a fatty acid is added to the third solution which
is a solutibn of physiologically active peptide, the fatty

acid 1s added to the third solution when the first and

~sepond solutions are mixed or after the first and second

solutions are mixed. At this timé, a solubilizing agent
can be used to dissolve the fatty acid as appropriate. The
solubilizing agent is not limited as long as it can be used
as the first solvent or as the second'solvent, and lower
alcohols' used as the second solvent are preferred, and
methanol and ethanol are particularly preferred. In
addition, the solvent may be heated to dissolve the fatty
acid.

As mentioned above, the fatty acid can be added at any
step in the process for preparing the first solution and/or
the second solution or for preparing the third solution
that is a mixed solution thereof. The timing of the
addition of the fatty acid is not limited as long as the
fatty acid is dissolved in an o0il phase at the time when
the third solution is emulsified into the fourth solution .
to form an emulsion, and it is determined depending on the

kind of the fatty acid and the kind of the solvent used in
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each‘ step becauéé the solvent to dissolve may vary
depending on the kind of the fatty aéid. The fatty acid is
preferably;added to a solvent having a high-solubility of
the fatty acid uséd because if the fatty acid is added to a
solvent having a low-solubility, a solubiliziﬁg agent may
be needed, énd there is a possibility that a ratio of the

first and second solvents is influenced. When a stearic

~acid is used as fatty acid, it is preferable to add to the

second solvent and  heat to dissolve together the
physiologicélly‘active peptide.

Then, the resultant third solution 1s dispersed into a
fourth solution comprised of an aqueéus solution of an
emuléifier to prepare the O (oil phase)/W (water phase)
emulsioh, and microcapsule is prepared by removing the
above-mentioned first solvent and second solvent. When a
third solvent is added to the first solvent or a
solubilizZing agent is used to dissolve the fatty acid, the
third solvent or the solubilizing agent is simultaneously
removed at this step. In this step, the water phase volume
is generally selected from about‘l to about 10,000 times,
more preferably about 5 to about 5,000 times, especially
preferably about 10 to about 2,000 times of an oil phase
voiume.

For the emulsifier contained in the above water phase,

the same emulsifier as those exemplified in the above
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sustained;release preparation not containing the fatty acid
can be used.

In addition, an osmo-regulator may be added to the
above water phasé. The osmo—regulator may be any osmo-
regulator which shows an osmotic pressure in the water
solution thereof, and the same osmo-regulator as those

exemplified in the above sustained-release preparation not

.containing the fatty acid can be used.

As a method for removing the first and second solvent
(including a third solvent or a solubilizing agent, when
third solvent is added to the first solvent or solubilizing
agent 1s used to dissolve the fatty .acid; .the same 1is
applied hereinafter), a method known per se or an analogous
method thereto is used. For example, an example of the
method includes a method of evaporating organic soivent
under ambient pressure or with gradually reducing pressure
as stirring using a propeller type stirrer orAa magnetic
stirrer, or a method of evaporating organic solvent by
regulating vacuum degree with rotary evaporator. In
particular, an in-water drying method wherein a solvent is
removed with stirring under ambient pressure is preferable.

The control temperature of the emulsification process
in which the first and second solvents are removed can be
adjusted to, for example, about 5 to 50°C. Further, it is

preferable to adjust to about 15 to 35°C. 1In this case, a
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method fér controlling temperature includes a method of
adjusting the above O/W.emulsion to the above temperature,
and a method of preparing an emulsion by mixing the thifd
and fourth solutiéns adjusted to the above temperature, as
well as a method of placing all processes of the
emulsification process in an environment set at the control
temperature.

The microcapsule thus obtained is collected by
centrifugation or filtration, and then washed repeatedly
with <diStiiled water several times to remove the free
physiologically active substance, emulsifier and the like
which is adhered to the surface of thé microcapsule, and
then the mic#ocapsule is re-dispersed into distilled water
before lyophilized.

During the preparation process, an agglutinétion
inhibitor méy be added to prevent agglutination of the
particles. The agglutination inhibitor includes, for
example, a water-soluble polysaccharides éuch as mannitol,
lactose, glucose, and starches (e.g., corn starch), amino
acids such as glycine, and protéins such as fibrin and
collagen. BAmong them, mannitol is suitable.

The additive amount of the agglutination inhibitor

‘such as mannitol is generally 0 to about 24% by weight to

the whole microcapsule.

In addition, after lyophilization, where appropriate,
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the microéapsules may be heated under reduced pressure and
the condition of not causing ia mutual fusion of
microcapsules, to remove water and the organic solvents in
microcapsules. .It is preferable to heating at a
temperature around or slightly higher than the intermediate
point glass‘transition temperature of biodegradable polYmer

determined by a differential scanning calorimeter under the

.condition of temperature increasing speed of 10 to 20°C per

'

minute. It is more preferable to heat at a temperature
around the intermediate point glass transition temperature
of biodegradable polymer or within the rahge of temperature
higher by about 30°C than the intermédiate point glass
transition temperature. Especially; when a lactic acid-
glycolié acid polymer is used as a biodegradable polymer,
heating is conducted preferably at temperatures iying
within the rénge from around the intermediate point glass
transition temperaturé to a temperature higher than the
intermediate point glass transition temperatufe by 10°C,

further more preferably at temperatures lying within the

‘"range from around the intermediate point glass transition

temperature to a temperature higher than the intermediate
point glass transition temperature by 5°C.

Although the heating time may vary depending on the
amount of microcapsule, it is genérally about 12 hours to

168 hours, preferably about 24 hours to 120 hours,
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especially preferably about 48 hours to 96 hours after the
microcapsule itself reaéhed the predétermined temperature.
The heating method is not especially limited as long
as a set of microéapsules can be uniformly heated.
As the heat-drying method, for example, a.method of
heat-drying.in thermostat bath, fluidized bath, moving bath,

or kiln, and a method of heat-drying by microwave. Among

-them, the method of heat-drying in thermoétat bath 1is

preferable.
The sustained-release preparation of the presént

invention obtained by the above preparation methods can be

obtained as a preparation in which a physiologically active

subsfance comprised of a water-soluble physiologically
active'peptide is substantially uniformly dispersed in a
microcapsule comprised of a lactic acid polymer or aisalt
thereof. Hérein, the "substéntially uniformly dispersed"”
means thét a water-soluble physiologically active peptide
is substantially uniformly dispersed in ﬁhe biodegradable
polymer. For example, it includes, but not limited to, a-
microcapsule hardened. by removing organic solvent using in-
water drying method from a microcapsule generated by
subjecting to an emulsification process with the state that
the physiologically active peptidé and thé bibdegradable_
polymer are fully dissolved in the 'organic solvent.

Thereby, the suppression of initial excessive release of
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the physiologically active peptide after administration and

a stable drug release in onset part can be achieved,

.additionally a sustained-release of a physiologically

active substance can also be achieved at drug levels in the
effective blood concentration for a period from about 60 to
400 days after the administration.

As the sustained-release preparation of the present

-invention obtained by the above preparing method contains

15 to 35 ° (weight/weight)$% of a water-soluble
physiologically active peptide per wunit weight of the
preparation, the content of the physiologically .active
substance in the preparation is higher contained than the
convéntional preparation. As the result, the rate of

content of the physiologically active peptide per unit

“volume of a microcapsule can be elevated to 15 to 35

(weight/weight)%, the volume or weight of the whole
sustained-release preparation néeded per unit dose of an
effective ingredient can be reduced. Théreby, a physical
burden of patients such as pain at administration and
induration after administration which is considered as the
result of the administration of a preéaration having large
unit volume can be reduced.

The sustained-release coﬁpoéition of thev present
invention may be in from of microsphere,'microcapsule, and

microparticle, and microcapsule is suitable.



10

15

20

25

- WO 2008/075762 ’ ' PCT/JP2007/074617

62

The sustained release composition of the present
invention can be adminietered as itself or formulated as a
starting material into any of various dosage forms such as
an intramuscular; subcutaneous or organ injection or
implantation formulation, a nasal, rectal and intrauterine
mucosal fofmulationy an oral formulation (e.g., a solid

dosage form such as capsule (e.g., hard capsule and soft

.capsule, and the like), granule and powder, or a liquid

formulation such as a syrup, an emulsion, a suspension, and
fhe like) aﬁd the like.

For example, when the sustained-release composition of
the present invention is formulated .into -an injection
formﬁlation, ‘it can Dbe formulated into an aqueous
suspension together with a dispersing agent (e.g.,
surfactant such as Tween 80 and HCO-60, polysaccharidevsuch
as .sodium hyaluronate, carboxymefhyl cellulose, sodium
arginate, and the like), a preservative (e.é.,
methyiparaben, propylparaben, and the like), an 1isotonic
agent (e.g., sodium chloride, mannitol, sorbitol, glucose,
proline, and the 1like), or into an oil suspension by
dispersing together with a vegetable, o0il such as sesame
0oil and corn o0il to obtain a practically utilizable
sustained release injection formulation.

When the sustained-release preparatiOn of the present

invention 1s dispersed into- a dispersion medium then
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administered as an aqueous suspension, 1t has excellent
easy dispersibility against the diépersidn medium and 1is
stable for a period of 24 hours or more after dispersing.
Thereby, an operativity | related with preparing at
administration on medical site can be better. "

A particulate diameter of the sustainedfreléase

composition of the present invention, when used as a

. suspending injection formulation, is any diameter within

range satisfying the diSpersibility and needle permeability,
for example, a mean particulaté'diameter is about 0.1 to
300 yum, preferably about 0.5 to 150 pm, more preferably
about 1 to 100 um. |

A method of making the sustained-release composition
of the present invention to a sterile preparation includes,
but_ not limited to, a method of .making all prepéring
proceés to be sterilé, a méthod of sterilizing by gémma—ray,
and a method of adding an antiseptic agent.

The sustained-release composition .of the present
invention is low toxicity, thus it can be used in a mammal
(e.g., human, cattle, .pig, dog,‘cat, mouse, rat, and rabbit,
ant the like) as a safe medicine.

While a dose of the sustained-release composition of
the present invention may vary depending on the type and
content of a physiologically active substance as a main

ingredient, the dosage form, the duration of the release of
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a physiolbgically active substance, the target disease, and
the target animal, it hay be an effective amount of the
physiologically active substance. A single dose of the
physiologically aétive subsfance as a main ingredient, for
example when the sustained release preparation is a 6-month
preparation; can be appropriately selected from preferably

about 0.01 to 10 mg/kg weight per an adult, more preferably

.about 0.05 to 5 mg/kg weight per an adult.

The single dose of the sustained-release composition
can be apprbpriately selected from preferably a range from
about 0.05 to 50 mg/kg weight pre an adult, more preferably
a range from about 0.1 to 30 mg/kg weight pre an adult.

A frequency of administration can be appropriately
selected depending on the type and content of a
physiologically active substance as a main ingredient; the
dosage form, the duration of the release of a
physiologically active substance, the target diseasé, and
the target animal, such as once per several weeks, once a
month, once per several months (e.g., 3, 4, or 6 months,
and the like).

The sustained-release preparation of the present
invention can suppress an excessive release of the water-
soluble physiologically active peptide within 1 day after
the administration, and stabilize the blood drug

concentration in patient body over the long-term by the
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stable reiease of the drug in an onset part for a period
from 1 day to about 1 ménth after the administration. As a
reéult, the release of the physiologically active substance
can be maintained at the effective blood drug concentration
for a peiiod from about 60 to 400 days after the
administration.

That is, when the sustained-release preparation of the

-present invention is administered, for example applying to

an experimental animal such as rat and the like, the ratio
of a ma#imuﬁ blood concentration of the activé ingredients
within 24 houfs after the administration to the average
blood concentration of the active ingredients from 24 hours
to Ii month after the administration is 2 to 90, and the
ratio of the maximum blood concentration of active
ingredients within 24 hours after the administration té the
average blood concentration of the active ingredients from
1 month after the administration to the sustained-release
period the preparation predetermines 1is 20 to 500. Area
under the blood concentration-time curve (AUC) of the
active ingredient within 24 hours after the administration
calculated from the blood concentration is 1 to 30% of the
total AUC, and AUC of the active ingredient from 24 hours
to 1 month after the administration calculated from the .

blood concentration is 10 to 80% of the total AUC, and AUC

~of the active ingredient -from 1 month after the
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administration to the sustained-release period the

Apreparation predetermines is 10 to 90% of the total AUC.

In particular, when the sustained-release preparation
of the present in&ention using a lactic acid polymer which
the weight-average molecular weight (Mw) is about 11,600 to
about 20,0d0 is administered to a patient, the releasé of

the physiologically active substance from the sustained-

- release composition 1in vivo can be maintained at the

effeqtive blood drug concentration for a period from about
60 to 130 déys. In this case, for example, as applying to
an experimental animal such as rat and the like, the fatio
of the maximum blood concentration of fhe ~active
ingrédients within 24 hours after the administration to the
averagé blood concentration of the active ingredients from
24 hours to 1 month after the administrétion is 2 té 50,
and the ratio of the maximum blood concentration of the
active ingredients within 24 hours after the administration
to the average blood concentration .of the active
ingredients from 1 month to 3 months after 'the
administration is 20 to 350. AUC of the active ingredient
within 24 hours after the administration calculated from
the blood concentration is 3 to 30% of the total AUC, and
AUC of the active ingredient from 24 hours to 1 month after .
the administration calculated fromvthe blood concentration

is 40 to. 80% of the total AUC, and AUC of the active
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ingredienf from 1 month to 3 months after the
administration is 10 to 35% of the total AUC.

When the sustained-release preparation of the present
invention using é lactic acid polymer which the weight-
average molecular weight (Mw) 1is about 19;000 to about
27,000 is administered to a patient, the release of the

physiologically active substance from the sustained-release

- composition in vivo can be maintained at the effective

~blood drug concentration for a period from about 120 to 400

days. Ink this case, for example, as applying to an
experimental animal such as rat and the like, the ratio of
the maximum blood concentration of the active ingredients
within 24 hours after the administration to the average
blood concentration of the active.ingredients from 24 hours
to 1 month after the administration 1is 10 to 90, and the
ratio of the maximum blood concentfation of the active
ingredients withiﬁ 24 hours after the administration to the
average blood concentration of the active.ingredients from
1 month to 6 months after the administration is 20 to 500.
AUC of the active ingredient within 24 hours after the
administration calculated from the blood concentration is 1
to 20% of the total AUC, and AUC of the active ingredient
from 24 hours to 1 month after the administration
calculated from the blood concentration is 10 to 50% of the

total AUC, and AUC of the active ingredient from 1 month to
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6 months éfter the administration is 40 to 90% of the total
AUC.

A release property of a drug in the sustained-release
composition of the present invention 1is influenced by a
loading amount of the drug on preparing, additives such as
stearic acid, several above described conditions such as

other preparing conditions or a formulation. Therefore, an

.ideal blood concentration pattern corresponding to the

intended sustained-release period can be selected by
regulating | them as appropriate. Particularly, the
regulation of the loading amount of a drug in preparing or
the additives such as stearic acid enable a control of a
releése rate on onset part (from 24 hours to 1 month after
administration) aﬁd thus a sustained~release preparation
showing an ideal blood concentration pattern can be
prepared.

.While a sustained-release composition of the present
invention can be used as a prophylactic/fherapeutic agent
against various diseases depending on ‘the type of the
physiologically active substance contained therein, for
example, when the physiologically active substance is an
LH-RH derivative, it can be used as a
prophylactic/therapeutic agent against a hormone-dependent

disease, especially a sex hormone dependent disease such as

'a sex hormone dependent cancer (e.g., prostate cancer,
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uterine cencer, breast cancer, and pituitary tumor, etc.),
prostatic hyperplasia, endometrioeis, uterine fibroid,
precocious puberty, dysmenorrhea, amenorrhea, premenstrual
syndrome, and multilocular ovarian syndrome, a prophylactic
agent against premenopausal breast cancer ~postoperative
recurrence,' a prophylactic/therapeutic agent against a

disease such as Alzheimer disease or immunodeficiency, and

.a contraceptive agent (or when a rebound effect after the

drug withdrawal is used, a prophylactic/therapeutic agent
against a iﬁfertility) and the like. In addition, it can -
be used as a prophylactic/therapeutic agent against a
benign or malignant tumor which is sex hormone independent
but is LH-RH sensitive.

Therefore, an administration of an effective dose of
the present therapeutic/prophylactic agent to mammale can
prevent/treat a sex hormone dependent diseases such as a
hormone dependent disease, especially sex hormone dependent
cancer (e.g., prostate cancer, uterine' cancer, breast
cancer, and pituitary tumor, etc.), prostatic hyperplasia,
endometriosis, uterine fibrpid, precocious puberty,
dysmenorrhea, amenorrhea, premenstrual syndrome, and
multilocular ovarian syndrome and the like, and can prevent
conception, furthermore can prevent a premenopausal breast

cancer postoperative recurrence.
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The .present invention is further described with
referring to the following Examples and vComparative
Examples, which are not intended to restrict the invention.
Examples

The weight-average molecular weight and the content of
each polymér in the following Examples and Comparative

Examples are a polystyrene-reduced weight-average molecular

.weight measured by gel-permeation chromatography (GPC)

'using a monodispersed polystyrene as a reference substance

and a cohtént of each polymer calculated from:them. All
measurements are performed with a high-speed GPC apparatus
(HLC-8120GPC; Tosoh Corporation), using>SuperH4000 X 2 and
SuperHZOOO (both Tosoh Corporation) as a column, and

tetrahydrofuran as a mobile phase at a flow rate of 0.6

mL/min. The detection is conducted based on the

differential refractive index.

A measuring method of a blood drug level includes the
following methods. For leuprorelin acetéte, for example,
leuprorelin acetate and 125I-labeled leuprorelin acetate in
a serum sample are .competitively reacted with é rabbiﬁ
anti-leuprorelin acetate serum. A goat anti-rabbit y-
globulin serum solution as a second antibody and a normal
rabbit serum Solution are added to the produced conjugate
and reacted, and centrifuged fdllowed' by measuring a

radioactivity of the precipitate. Leuprorelin acetate
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concentration in the serum sample is obtained from a
calibration curve produced at the same time.
In addition, "leuprorelin acetate" is referred to as

"TAP-144" in the Figures.

Example 1

A solution of 3.83 g of DL-lactic acid polymer

. (weight-average molecular weight: 14,300) in 6.4 g of

dichloromethane was added to a solution prepared by adding
4.56 g of ﬁethanol to 0.96 g of freeze-dried powder of
leuprorelin acetate, dissolving the powder with warming at
about 50°C and then cooling ‘to room temperature (25°C), and
disp-ersed to prepare the o0il phase (0O phase). At this
point,'the loading amount of the drug is 20%. After the O
phase was cooled to about 15°C, the solution was poured
into 0.8 L of an aqueous solution of 0.1% (w/w) polyvinyl
alcohol (EG-40, Nippon Synthetic Chemical Industry Co.,

Ltd.) pre-adjusted to about 15°C, and was émulsified with a
homomixer (Tokushu Kika Kogyo Corporation) to prepare O/W
emulsion (turbine rotation frequency; about 7,000 rpm).

This O/W emulsion was in-water dried for about 3 hours, and
sieved through a sieve having an opening of 75 um, then,

the microcapsules were precipitated and collected using a.
centrifuge (CR5DL; Hitachi, Ltd.; rotation frequency: about

2,500 rpm). The collected microcapsules were re-dispersed
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in distilled water. The microcapsules were precipitated
and collected by repeating the same centrifuge operation,
and then re—disperéed in a small amount of water, and said
mixture was recovered in an.eggpiant—shaped flask together
with 0.507 g of mannitol and frozen, then freeze-dried with
a freeze dfier (DF-01H, ULVAC) to obtain the.mixed poWder

of the leuprorelin-containing microcapsules and mannitol

. (hereinafter referred to as "microcapsule powder").

The content of leuprorelin acetate in the obtained
microcapsule powder was 15.3%, and the yield was about 63%.

From the results, it was found that the content of

leuprorelin acetate in the microcapsule was 18.0%. The
term "the content of leuprorelin acetate in the

- microcapsule" as referred herein means a calculated rate in

which the value calculated by multiplying the total of the
charged weight of each raw material (leuprorelin acetate,
lactic acid polymer and mannitol) by the yield (heréinafter
referred to as "obtained amount"), followéd by multiplying
by "the content of leuprorelin acetate ‘in the microcapsule
powder" is divided by the value calculated by subtracting
the amount of mannitol from the obtained amount, that is,
it means the value calculated by the following forﬁula:
Content (%) of leuprorelin acetate in the microcapsule

= [Total (g) of the charged weight of each raw

materiallx([Yield (%)]x[Content (%) of leuprorelin acetate
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in the nﬁcrocapsule powder]/[[ Total (g) of the charged
weight of each raw Jnaterial]x[Yield (%$)]1-[Amount (g) of
mannitol]]

wherein, - [Total kg) of thé charged weight of each raw
materiallx[Yield (%)]=[Obtained amount (g)],

and corresponds to the content of leuprorelin acetate as

the physiologically active substance to the whole

.microcapsule (the same is applied hereinafter).

Example 2
The microcapsule powder was obtained in the same
manner as Example 1 excepting that the temperature after

the oil phase (O phase) was prepared and the temperature of

©0.1% (w/w) aqueous solution of polyvinyl alcohol (EG-40,

Nippon Synthetic Chemical Industry Co., Ltd.) were adjﬁsted
to about 20°C.

The - confent of leuprorelin acetate in the obtained
microcapsule powder was 15.1%, and the yieid was about 64%.
From the results, it was found that the content of-

leuprorelin'acetate in the microcapsule was 17.8%.

Example 3
The microcapsule powder was obtained in the same
manner as Example 1 excepting that the temperature after

the oil phase (O phase) was prepared and the temperature of
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0.1% (w/W) aqueous solution of polyvinyl alcohol (EG-40,
Nippon Synthetic Chemicél Industry Cb., Ltd.) were adjustéd
to about 25°C.

The content .of leuprorelin acetate in the obtained
microcapsule powder was 1413%, and the yield was about 64%.
From the fesults,' it was found that the content of

leuprorelin acetate in the microcapsule was 16.8%.

Example 4

The - microcapsule powder was obtained in - the same
manner as Example 1 excepting that the temperature after
the o0il phase (O phase) was prepared and the temperature of
0.1% (w/w) aqueous solution of polyvinyl alcohol (EG-40,
Nippon Synthetic Chemical Industry Co., Ltd.) were adjusted
to about 30°C.

The content of leuprorelin acetate 1in ﬁhe obtained
microcapsule powder was 13;4%, and the yield was about 67%.
From the results, it was found that ‘the content of

leuprorelin acetate in the microcapsule was 15.6%.

Example 5

A solution of 119.5 g of DL-lactic acid polymer
(weight-average molecular weight: 14,100) in 200 g of
dichloromethane was adjusted to 30 °C, and this solution

was added to a solution which 142.5 g of methanol was added
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to 30.0 gvof leuprorelin acetate, dissolved with warming at
about 40°C and then cooied to room ﬁemperature (25°C), and
said mixture was dispersed ‘to prepare the o0il phase (O
phase). At this point, thé loading amount of the drug is
20%. Then, after the O phase was cooled to about 15°C, the
solution wés poured into 25 L of an aqueous solution of

0.1% (w/w) polyvinyl alcohol (EG-40, Nippon Synthetic

.Chemical Industry Co., Ltd.) pre-adjusted to about 15°C,

and was emulsified with HOMOMIC LINE FLOW (Tokushu Kika
Kogyo Corpération) to prepare the O/W emulsion (turbine
rotation frequency: about 7,000 rpm, and circulating pump
rotation frequency: abouﬁ 2,000 rpm.).. This O/W emulsion
was in-water dried for about 3 hours, and sieved through a
sieve having an opening of 75 um, then, the microcapsules
were continuously precipitated with a centrifuge (H-600S;
Kokusan Enshinki; rotation frequency: about 2,000 rpm, and
flow rate: about 600 ml/min) and collected. The collected
microcapsules were re-dispersed in a Small amount of
distilled water, and sieved through a sieve having an
opening of 90 um, then, 21.1 g of mannitol was added and
freeze—dfied with freeze drier (DFM-05A~S, ULVAC) to obtain
the microcapsule powder. The content of leuprorelin
acetate in the obtained microcapsule powder waé 15%, and
the yield was about 55%. From the results, it was found

that the content of leuprorelin acetate in the microcapsule
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was 18.1%.

Example 6
A solution of 119.5 g of DL-lactic acid polymer (the’
weight-average molecular weight: 14,100) in 200 g of

dichloromethane was adjusted to 30 °C, and this solution

was added into a solution which 142.5 g of methanol was

.added to 30.0 g of leuprorelin acetate, dissolved with

warming at about 40°C and then cooled to room temperature
(25°C), and'said mixture was dispersed to prepare the oil
phase (O phase). At this point, the loading amount of the
drug is 20%. Then, after the O phase was cooled to about
20°C; the solution was péured into 25 L of an aqueous
solution of 0.1% (w/w) polyvinyl alcohol (EG-40, Nippon
Synthetic Chemical Industry Co., Ltd.) pre—adjusted to
about 20°C, 'and waé emulsified with HOMOMIC LINE FLOW
(Tokushu = Kika Kogyo Corporation) to prépare the O/W
emulsion (turbine rotation frequency: aboﬁt 7,000 rpm, and
circulating pump rotation frequency: about 2,000 rpm.).
This O/W emulsion was.in—water_dried for about 3 hours, and
sieved through a sieve having an opening of 75 um, then,
thé microcapsules were continuously  precipitated with a
centrifuge (H-600S; Kokusan Enshinki; rotation frequency: .
about 2,000 rpm, and the flow rate: about 600 ml/min) and

collected. The collected microcapsules were re-dispersed
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in a smali amount of distilled water, and sieved through a
sieve having an bpeningrof 95 um, then, 17.2 g of mannitol
was added and freeze-dried with freeze drier (DFM-05A-5S,
ULVAC) to obtain fhe microcapsule powder. The content of
leuprorelin acetate in the obtained microcapsule powder was

16.0%, and‘the yield was about 76%. From the results} it

was found that the content of leuprorelin acetate in the

-microcapsule was 18.5%.

Comparative‘Example 1

To 0.87 g of leuprorelin acetate, 1 g of distilled
water was added to dissolve. To this sblution was added a
solution of 7.65 g of DL-lactic acid polymer (weight-
averagé molecular weight: 13,900) in 12.8 g of

dichloromethane, and 1lightly dispersed by the hand, then

"primarily emulsified with Polytron (Kinematica) for about

30 seconds to prepare the W/O emulsioﬁ (rotation frequency:
about 1,000 rpm). At this point, the loading amount of the
drug is 10%. Then, after this W/0O emulsion was cooled to
about 15°C, the solution was éoured into 1.6 L of an
aqueous solution of 0.1% (w/w) polyvinyl alcohol (EG-40,
Nippon Synthetic Chemical Industry Co., Ltd.) pre-adjusted

to about 15°C, and secondarily emulsified with a homomixer 

(Tokushu Kika Kogyo Corporation) to prepare the W/O/W

emulsion (turbine rotation frequency: about 7,000 rpm).
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This W/O/W emulsion was in-water dried for about 3 hours,
and sieved through a siéve having anvopening of 75 um, then,
the microcapsules werevprecipitated and collected using a
centrifuge (CR5DL; Hitachi, Ltd.; rotation frequency: about
2,500 rpm). The collected microcapsules were re-dispersed
in a smallA amount of distilled water, added 0.9 g of

mannitol and freeze-dried with freeze drier (DF-01H, ULVAC)

.to obtain the microcapsule powder.

The content of leuprorelin acetate in the obtained
microcapsule powder was 7.7%, and the yield was about 62%.
From the results} it was found that the content of

leuprorelin acetate in the microcapsule was 9.1%.

Comparative Example 2

A solution of 3.83 g of DL-lactic acid polymer
(weight—averége molecular weight: 13,900) in 6.4v g of
dichloromethane was added to a solution which 7.79 g of
methanol was added to 1.64 g of the freezé-dried powder of

leuprorelin acetate, dissolved with warming at about 50°C

.and then cooled to- room temperature (25°C), and said

mixture was dispersed to prepare the oil phase (0O phase).
At this point, the loading amount of the drug is 30%. Then,
the O phase was poured into 0.8 L of an aqueous solution of
0.1% (w/w) polyvinyl alcohol (EG-40, Nippon Synthetic

Chemical Industry Co., Ltd.) pre-adjusted to about 15°C,
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and was emulsified with a homomixer (Tokushu Kika Kogyo
Corporation) to prepare.the O/W emulsion (turbine rotation
frequency: about 7,000 rpm). This O/W emulsion was in-
water dried for about 3 hours, and sieved through a sieve
heving an opening of 75 pm, then, the microcapsules were

precipitated and collected with centrifuge (CR5DL; Hitaehi,

Ltd.; rotation frequency: about 2,500 rpm). The collected

-microcapsules were re-dispersed in distilled water. The

ﬁicrocapsules were precipitated and collected by repeating
the same'ceﬁtrifuge operation to collect them, and then re-
dispersed in a emall amount of water, and said mixture was
recovered in an eggplant-shaped flask tegether with 0.578 ¢
of ﬁmnnitol and frozen, then freeze-dried with a freeze
drief (DF-01H, ULVAC) to obtain the microcapsule powder.

The content of leuprorelin acetate in the obtained

'microcapsule’powder was 16.8%, and the yield was about 74%.

From the results, i1t was found that the content of

leuprorelin acetate in the microcapsule was 19.3%.

Comparative Example 3.

A solution of 3.83 g of DL-lactic acid polymer
(weight-average molecular weight: 14.300) in 6.4 g of
dichloromethane was added into a solution prepared by .
adding 9.80 g of methanol to 2.06 g of the freeze-dried

powder of leuprorelin acetate, dissolving the powder with
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warming ét about 50°C and cooling to room temperature
(25°C), and dispersed tb prepare thé oil phase (O phase).
At this point, the loading amount of the drug is‘35%. Then,
the O phase was péured into 0.8 L of an aqueous solution of
0.1% (w/w) polyvinyl alcohol (EG-40, Nippon Synthetic
Chemical Iﬁdustry Co., Ltd.) pre-adjusted to about 15%L

and was emulsified with a homomixer (Tokushu Kika Kogyo

. Corporation) to prepare the O/W emulsion (turbine rotation

frequency: about 7,000 rpm). This O/W emulsion was in-
water dried for about 3‘hours, and sieved through a sieve
having an opening of 75 pum, then, the microcapsules were
precipitated and collected using a icentrifuge (CR5DL;
Hitaéhi, Ltd.; rotation frequency: about 2,500 rpm). The
collected microcapsules were re-dispersed into distilled
water. The microcapsules were precipitated by the
centrifuge operation to collect them, and then re-dispersed
into a 'small amount of water, and said mixture was
recovered in an eggplant-shaped flask togefher with 0.623 g
of mannitol and frozeh, then freeze-dried with a freeze
drier (DF-01H, ULVAC).to obtain the microcapsule péwder.
The content of leuprorelin acetate in the obtained
microcapsule powder was 15.0%, and the yield was about 73%.
From the results, it was found that the content of .

leuprorelin acetate in the microcapsule was 17.3%.
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Experiment Example 1

Each 29 mg of thé microcapsule powder prepared in
Example 1 or 34 mg of the microcapsuie powder prepared in
Comparative Exampie 1 was‘.suspended in about 0.4 mL of
dispersal vehicle, and subcutaneously administered to a rat
(4.5 mg doée calculated as leuprorelin acetate), then the

leuprorelin acetate concentration in the serum was measured.

.The transition of blood concentration within 24 hours and

up‘to 13 weeks after the administration is shown in Fig. 1.
The calculafed results of the maximum concentration (Cmax)
and area under the blood concentration-time curve (AUC)
within 24 Hours.after the administratioh and AUC (of onset
part) from 24 hours to one month after the administration
are shown in Table 1. As shown in Fig. 1 and Table 1, Cmax
and AUC within 24 hours after the administration in Exémple
1l are lower[ and the blood concentration and AUC of onset
part are higher than those in Comparative Example 1. That
is, a preparation using the O/W method bcan provide the
suppression of the excessive drug release within 24 hours
after the administration, and result in the great
improvement of the transition of blood concentration on

onset part.

Table 1
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Within 24 hours after|From 24 hours to
the administration one month after
: ' the administration
Cmax AUC AUC
[ng/mL] | [ng week/mL] [ng week/mL]
Example 1 1115.5 4.0 23.1
Comparative 211.9 5.1 3.2
Example 1

ExperimentvExample 2

Each entrapment ratio of leuprorelin acetate in the
prepared 1in Example 1, Comparative
Example 2, or Comparative Egample 3 was calculated. The
results éré shown in Table 2. The term "a entrapment ratio
of leuprorelin acetate" -as herein referred means a rate
calculated by dividing "a content of leﬁprorelin acetate in
the' microcapsule” by "a loading amount of leuprorelin
acetate". As showﬁ in Table 2, the entrapment ratio was
greatly reduced in the Comparative Examples whereiﬁ the

loading amount was 30% or more.

Table 2
Example 1 Comparative Comparative
Example 2 Example 3.
loading amount of |20 30 35
leuprorelin
acetate [%]
entrapment ratio | 90.0 64.3 49.4
of leuprorelin
acetate [%]
Experiment Example 3
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Each 29 mg of the microcapsule powder prepared ‘in
Example 1, 30 mg of the ndcrocapsﬁle powder prepared in
Example 2, 32 mg of the microcapsule powder prepared- in
Example 3, or 34 mg of the ﬁicrocapsule powder prepared in
Example 4 was suspended in about 0.4 mL of ‘the dispersal
vehicle, and subcutaneously administered to a rat (4.5.mg

dose calculated as leuprorelin acetate), then the

.leuprorelin acetate concentration in the serum was measured.

The transition of blood concentration within 24 hours and
up to 13 weeks after the administration is shown in Fig. 2.
The result of the relationship between the emulsification
temperature and Cmax -within 24 .hours after the
admihistratioﬁ is shown in Fig. 3, the result of the
relationship between the emulsification temperature and AUC
within 24 hours after the administration is shown in Fig. 4,
and the result of the relationship between the
emulsifiéation temperature and AUC of the maintenance part
(4 weeks or later after the administration) is shown in Fig.
5. As shown in Figs. 2, 3, and 4, Cmax and AUC within 24
hours after the administration was reduced depending on the
emulsification temperature. That is, the raise the
emulsification temperature can provide the suppression of
initial excessive drug release after administration.

Further, as shown in Figs. 2 and 5, the blood concentration

level and AUC of the maintenance part were increased
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depending.on the emulsification temperature. That is, the
raise the emulsification temperature can provide the
improvement of the transition of blood concentration on the

maintenance part.

Experiment Example 4

Each 32 mg .of the microcapsule powder prepared in
.Example 5 or 28 mg of the microcapsule powder prepared in
Example 6 was suspended in about 0.4 mL of the dispersal
vehicle, and subcutaneously administered to a rat (4.5 mg
dose calculated as leuprorelin ecetate), then the
leuprorelin acetate concentration in the serum was measured.
The transition of blood concentration up to 13 weeks after
the administration is shown in Fig. 6. The result of the
relationship between the emulsification temperaturev and
Cmax within 24 hours after the administration is shown in
Fig. 3, the result of the relationship between the
emulsification temperature and AUC withih 24 hours after
the administration is shown in Fig. 4, and the result of
the relationship between the emulsification temperature and
AUC of the maintenance part (4 weeks or later after the
administration) is shown in Fig. 5. As shown in Figs. 3, 4,
and 6, Cmax and AUC within 24 hours after the
administration was reduced dependihg on the emulsification

temperature. That 1s, the raise the emulsification
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temperatuie can provide the initial excessive drug release
after the administratioﬁ. Further, as shown in Figé. 5 and
6, the blood concentration level and AUC of the maintenance
part was increésed depending on the emulsification
temperature. That 1is, the &raise the emulsification
temperature. can provide‘ the dimprovement of the blood

concentration transition on the maintenance part.

Experiment Example 5

Each .microcapsule powder (45 mg calculated as
leuprorelin acetate) prepared in Example 6 or Comparative
Example 1 and the dispersing solvent A(l mL volume) was
mixed, and lightly dispersed by the hand to homogeneously
disperse. The time from the mixing was initiated until the
mixture was uniformly dispersed was measured, respecti%ely.
The result is shown in Fig. 7. The mixture of Example 6
was dispersed in a shorter time than that of Comparative

Example 1.

Comparative Example 4.

To 2.4 g of leuprorelin acetate, 11.4 ‘g of methanol
was added to dissolve with warming at about 40°C, then this
solution was adjﬁsted to 30°C.  To this solution, a . .
solution of 9.6 g of DL-lactic acidlpolymér (weight—éverage

molecular weight: 21,700) in 16.8 g of dichloromethane was
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added, and dispersed to prepare a homogeneous oil phase (O

phase). At this point, the loading'amount of the drug is
20%. Then, the O phase was poured into 2 L of an aqueous

solution of 0.1% (w/w) polyvinyl alcohol (EG-40, Nippon
Synthetic Chemical Industry Co., Ltd.) pre-adjusted to

about 18°C, and was emulsified with a homomixer (Tokﬁshu

Kika Kogyo Corporation) to prepare the O/W emulsion

. {turbine rotation freguency: about 7,000 rpm). This O/W

emulsion was in-water dried for about 3 hours, and sieved
through a éieve having 'an opening of 75 um, then, the
microcapsules were precipitated and collected with a
centrifuge (CR5DL; Hitachi, Ltd.; rotation frequency: about
3,000 rpm). Distilled water was added to the microcapsules
to wash, then, the mixture was re—-centrifuged to
precipitate the microcapsules. After the supernatant was
removed, 1.27 g of mannitol was added to this mixture to
disperée'in a small amount of distilled water, and said
mixture was recovered in an eggplant—shaped flask. This
dispersion was frozen, and freeze-dried with a freeze drier
(DF-01H, ULVAC) to obtain the microcapsule powder.

The content: of leuprorelin acetate in the obtained
microcapsule powder was 15.3%, and the yield was about 65%.
From the results, it was " found that the content of
leuprorelin acefate in the Inicrodapsule‘ was 17.9%. The

term "the content of leuprorelin acetate in the
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microcapsﬁle" as referred herein means a calculated rate in
which the value calculaféd by multiplying’the total of the
charged weight of each raw material (leuprorelin acetate,
lactic acid polymer and manﬁitol) by the yield (hereinafter
referred to as "obtained amount"), followed by multiplying
by "the content of leuprorelin acetate in the microcapéule

powder" is divided by the value calculated by subtracting

.the amount of mannitol from the obtained amount, and

corresponds to the content of leuprorelin acetate as the
physiologically active substance to the whole microcapsule

(same is applied hereinafter).

Compérative Example 5
To 1.2 g of leuprorelin écetate, 5.7 g of methanol was

added to dissolve with warming at about 40°C, then.this

solution was adjusted to 30°C. To this solution, a
solution of 4.8 g of DL-lactic acid polymer (weight-average

molecular weight: 26,100)‘in 8.4 g of diéhloromethane was

added, and to blend with stirring to prepare a homogeneous

oil phase (O phase). . At this point, the loading amount of

the drug is 19%. Then, the O phase was poured into 1 L of
an aqueous solution of 0.1% (w/w) polyvinyl alcohol (EG-40,

Nippon Synthetic Chemical Industry'Co., Ltd.) pre-adjusted
to about 18°C, and was emulsified With a homomixer (Tokushu

Kika Kogyo Corporation) to prepare the O/W emulsion
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(turbine rotation frequency: about 7,000 rpm). The O/W
emulsion was in-water dfied for aboﬁt 3 hours, and sieved
through a sieve having an opening of 75 um, then, the
microdapsules were precipitated and collected with a
centrifuge (CR5DL; Hitachi, Ltd.; rotation frequency: about
3,000 rpm).' Distilled water was added to the microcapsules

to wash, then, said mixture was re-centrifuged to

- precipitate the microcapsules. After the supernatant was

removed, 0.635 g of mannitol was added to this mixture to
disperse in a small amount of distilled water, and said

mixture was recovered in. an eggplant-shaped flask. This

dispersion was frozen, and freeze-dried with a freeze drier

(bF—OlH; ULVAC) to obtain the microcapsule powder.

The content of leuprorelin acetate in the obtained
microcapsule powder was 14.7%, and the yield was about‘54%.
From the résults, it was found that the content of

leuprorelin acetate in the microcapsule was 17.9%.

Comparative Example 6

To 1.35 g of leuprorelin acetate, 6.41 g of methanol
was added to dissolve with warming at about 40°C, then this
solution was adjusted to 30°C. To this solution, a
solution of 4.65 g of DL-lactic acid polymer (weight-
average molecular weight: 21,700) in 8.14 g of

dichloromethane was added, and to blend with stirring to
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prepare avhomogeneous 0il phase (O phase). At this point,
the loading amount of the drug is 22.5%. Then, the O phase
was poured into 1 L of an agqueous solution of O.l%.(w/w)
polyvinyl _alcohoi (EG—40; Nippon Synthetic Chemical
Industry Co., Ltd.) pre-adjusted to about 18°C, and was
emulsified | with a homomixer (Tokushu Kika Kogyo

Corporation) to prepare a O/W emulsion (turbine rotation

. frequency: about 7,000 rpm). The O/W emulsion was in-water

dried for about 3 hours, and sieved through a sieve having
an opening of 75 um, then, the microcapsules were
precipitated and collected with a centrifuge (CR5DL;
Hitachi, Ltd.; rotation frequency: ébout 3,000 rpm).
Distilled water was added to the ﬁdcrocapsules to wash,
then the mixture was centrifuged again to precipitate the
microcapsules. After the supernatant was removed, 0.635 g
of 'mannitol was added thereto, and the mixture was
dispersed in a small amounﬁ of distilled water. The
dispersion was recovered in an eggplant—shéped flask. This
dispefsion'wés frozen, and freeze~dried with a freeze drier
(DF-01H, ULVAC) to obtain the'microcapsule powder.

The content of leuprorelin acetate in the obtained
microcapsule powder was 16.8%, and the yield was about 55%.
From the results, it was found that the content of

leuprorelin acetate in the microcapsule was 20.3%.
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Example 7

To 1.14 g of leﬁprorelin acétate and 0.269 g of
stearic acid, 5.7 g of methanol was added to dissolve with
warming at about 40°C, then this solution was adjusted to
30°C. To this solution, a solution of 4.53 g of DL—laétic
acid polymér (weight-average molecular weight: 21,700) in

7.93 g of dichloromethane was added, and to blend with

.stirring to prepare a homogeneous oil phase (O phase). At

this point, the loading amount of the drug is 19%. Then,
the O phasé was poured into 1 L of an aqueous solution of
0.1% (w/w) polyvinyl alcohol (EG-40, Nippon Synthetic
Chemiéal Industry Co., Ltd.) pre—adjuéted to about 18°C,
and was emulsified with a homomixer (Tokushu Kika Kogyo
Corporation) to prepare the O/W emulsion (turbine rotation
frequency: about 7,000 rpm). This O/W emulsion waé in-
water dried for about 3 hours, and sieved through a sieve
having an openiné of 75 uym, then, the microcapsules were
precipitated and collected with a cehtrifuge (CR5DL;
Hitachi, Ltd.; rotation freqﬁency: about 3,000 rpm).
Distilled water' was .added to »the microcapsules to wash,
then, said mixture was re-centrifuged to precipitate the
microcapsules. After the supernatant was removed, 0.635 g
of mannitol was added to this mixture to dispersé in a .
small amount of distilled water,‘ and said mixture was

recovered in an eggplant-shaped flask. This dispersion was
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frozen, énd freeze-dried with a freeze drier (DF-01H,
ULVAC) to obtain the miérocapsule poWder.

The content of leuprorelin acetate in the obtained
microcapsule powdér was 15.4%, and the yield was about 57%.

From the results, it was found that the content of

leuprorelin acetate in the microcapsule was 18.5%. The
term "the content of leuprorelin acetate = in the

.microcapsule” as herein referred means a calculated rate in

which the value calculated by multiplying the total of the
charged Weiéht of each raw material (leuprorelin acetate,
lactic acid polymer, stearic acid and mannitol) by the
yield (hereinafter referred to as ﬁobtained amount"),
follbwed by multiplying by "the content of leuprorelin
acetate in the microcapsule powder" 1s divided by the value
calculated by subtracting the amount of mannitol froh the
obtained ambunt, and corresponds to the content of
leuprorelin acetate as the physiologically active substance

to the whole microcapsule (the same is applied hereinafter);

Example 8

To 1.14 g of leuprorelin acetate and 0.269 g of
stearic acid, 5.7 g of methanol was added to dissolve with
warming at about 40°C, then this solution was adjusted to.

30°C. To this solution, a solution of 4.53 g of DL-lactic

acid polymer (weight-average molecular weight: 26,100) in
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7.93 g of dichloromethane was added, and to blend with
stirring to prepare a hbmogeneous 0il phase (O phase). At
this point, thevloading amounf of the drug is 19%. Then,
the O phase was péured into 1 L of an aqueous solution of
0.1% (w/w) polyvinyl alcohol (EG-40, Nippon Synthetic
Chemical Industry Co., Ltd.) pre-adjusted to about 18°C,

and was emulsified with a homomixer (Tokushu Kika Kogyo

-Corporation) to prepare the O/W emulsion (turbine rotation

frequency: about 7,000 rpm). This O/W emulsion was in-
water dried‘for about 3 hours, and sieved through a sieve
haviﬁg an opening of 75 .pm, then, the microcapsules were
precipitated and- collected with a centrifuge (CRLHDL;
Hitaéhi, Ltd.; rotation frequency: about 3,000 rpm).
Distilled water was added to the microcapsules to wash,
then said mixture was recentrifuged to precipitate the
microcapsuleé. After the supernatant was removed, 0.635 g
of mannitol was added to this mixture to disperse in a
small amount of distilled water, and éaid mixtﬁre was
recovered in an eggplant-shaped flask. This dispersion was
frozen, and freeze-dried with a <freeze drier (DF-01H,
ULVAC) to obtain the microcapsule powder.

The content of leuprorelin acetate in the obtained
microcapsule powder was 14.7%, and the yield was about 56%.
From the results, it was found that the content of

leuprorelin acetate in the microcapsule was 17.8%.
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Example 9

To 1.29 g of leuprorelin acetate and 0.3025 g of
stearic acid, 6.413 g of ﬁethanol was added to dissolve
with warming at about 40°C, then this solution was adjusted

to 30°C. To this solution, a solution of 4.347 g of.DL—

lactic acid polymer (weight-average molecular weight:

.21,700) in 7.608 g of dichloromethane was added, and to

bleﬁd with stirring to prepare a homogeneous oil phase (O
phase) . 'Af this point, the loadihg amount of the drug is
21.7%. Then, the O phase. was poured into 1 L of an agueous
solution of 0.1% (w/w) polyvinyl alcdhol ({EG-40, Nippon
Synthetic Chemical Industry Co., Ltd.) pre-adjusted to
about 18°C, and was emulsified with a homomixer (Tokushu
Kika Kogyo Corporation) to prepare . the O/W emuision
(turbine rotation frequency: about 7,000 zrpm). This O/W
emulsion was in-water dried for about 3 hours, and sieved
through a sieve having an opening of 75 pm, then, the
microcapsules were precipitated and <collected with a

centrifuge (CR5DL; Hitachi, Ltd.; rotation frequenéy: about

3,000 rpm). Distilled water was added to the microcapsules
to wash, then, salid mixture was re-centrifuged to
precipitate the microcapsules. After the supernatant was

removed, 0.635 g of mannitol was added to this mixture to

disperse in a small amount of distilled water, and said
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mixture was recovered in an eggplant-shaped flask. This

dispersion was frozen, and freeze-dried with a freeze drier

'(DF—OlH, ULVAC) to obtain the microcapsule powder.

The content of leuprorelin acetate in the obtained
microcapsule powder was 17.1%, and the yield was about 58%.
From the results, it was found that the content of

leuprorelin acetate in the microcapsule was 20.5%.

Example 10

To 1.29 g of leuprorelin acetate and 0.3025 g of
stearic acid, 6.413 g of methanol was added to dissolve
with warming at ébout 40°C, then this sdlution was adjusted
to 30°C, To this solution, a solution of 4.347 g of DL-
lactic acid polymer (weight-average molecular weight:
26,100) in 7.608 g of dichloromethane was added, and to
blend with sfirring to prepare a homogeneous oil phase (O
phase). At this point, the loading amount of the drug is
21.7%. Then, the O phase was poured into 1 L of an agueous
solution of 0.1% (w/w) polyvinyl alcohol (EG-40, ' Nippon
Synthetic Chemical Industry Co., Ltd.) pre-adjusted to
about lé°C, and was emulsified with a homomixer (Tokushu
Kika Kogyo Corporation) to prepare the O/W emulsion
(turbine rotation frequency: about 7,000 rpm) . This O/W
emulsion was in-water dried for about 3 hours, and sieved

through a sieve having an opening of 75 pm, then, the
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microcapsﬁles were precipitated  and collected with a
centrifuge (CR5DL; Hitaéhi, Ltd.; rotation'frequency: about
3,000 rpm). Distilled water was added to the microcapsules
to wash, then,‘ said migture was re-centrifuged to
precipitate the microcapsules. After the supernatant was
removed, 0.635 g of mannitol was added to this mixture to

disperse in a small amount of distilled water, and said

.mixture was recovered in an eggplant-shaped flask. This

dispersion was frozen, and freeze-dried with a_freeze drier
(DF—OlH,'ULVAC)‘to obtain the microcapsule powder.

The content of leuprorelin acetate in the obtained
microcapsule powder was 15.2%, and the Yield was about 59%.

From the results, it was found that the content of

leuprorelin acetate in the microcapsule was 18.2%.

Example 11

To 1.35 g of leuprorelin acetate and 0.07§ g of
stearic acid (0.25-fold mole of leuprorelin acetate), 6.4 g
of methanocl was added to dissolve with warming at about
40°C, then this solutioﬁ was adjusted to 30°C. To this
solution, a solution of 4.57 g of DL-lactic acid polymer
(weight-average molecular weight: 21,800) in 8.0 g of
dichloromethane was added, and to blend with stirring to
prepare a homogeneous o0il phase (Onbhase)} At this point,

the loading amount of the drug is 22.5%. Then, the O phase
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was pouréd into 1 L of an aqueous solution of 0.1% (w/w)
polyvinYl alcohol (EG-40, Nippoﬁ Synthetic Chemical

Industry Co., Ltd.) pre-adjusted to .about 18°C, and was

" emulsified with a homomixer (Tokushu  Kika Kogyo

Corporation) to prepare the O/W emulsion (turbine rotation
frequency: about 7,000 rpm). This O/W emulsion was in-

water dried for about 3 hours, and sieved through a sieve

.having an opening of 75 pm, theﬁ, the microcapsules were

précipitated and collected with a centrifuge (CRSDL;
Hitachi, - Lfd.; rotation frequency: about 3,000 rpm).
Distilledeater was added to the microcapsules to wash,
then, said mixture was re—centrifugedlto precipitate the
micrbcapsules. After the supernatant was removed, 0.635 g
of mannitol was added to this mixture to disperse in a
small amount Qf distilled water, and said mixtureA was
recovered in an eggplant-shaped flask. This dispersion wasv
frozen, ‘and freeze-dried with a fréeze drier (DF-01H,
ULVAC) to obtain the microcapsule powder.

The - content of leuprorelin acetate in the obtained
microcapsulé powder was 18.1%, and the yield was about 68%.
Frqm the results, it was found that the content of

leuprorelin acetate in the microcapsule was 21.1%.

Example 12

To 1.35 g of leuprorelin acetate and 0.157 g of
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stearic aeid (0.5-fold mole of leuprorelin acetate), 6.4 g
of methanol was added to dissolve'with warming at about
40°C, then this solution was adjusted to 30°C. To this
solution, a solurion of 4.5 g of DL-lactic acid polymer
(weight-average molecular weight: 21,800) 4in 7.9 g of
dichloromethane was added, and to blend with stirring to

prepare a homogeneous oil phase (O phase). At this point,

- the loading amount of the drug is 22.5%. Then, the O phase

was poured into 1 L of an aqueous solution of 0.1% (w/w)
polyvinyl ‘alcohol (EG-40, Nippon Synthetic Chemical
Industry Co., Ltd.) pre-adjusted to about 18°C, and was
emulsified with a homomixer (Tokushu Kika Kogyo
Corperation) to prepare the O/W emulsion (turbine rotation
frequeﬁcy:vabout 7,000 rpm). This O/W emulsion was in-

water dried for about 3 hours, and sieved through a sieve

"having an opening of 75 wum, then; the microcapsules were

precipitated and collected with a centrifuge (CR5DL;
Hitachi, -‘Ltd.; rotation frequency: abeut 3,000 rpm).
Distilled water was added to the microcapsules to wash,
then, the said mixture Was re-centrifuged to precipitate
the microcapsules. ~ After the supernatant was removed,
0.635 g of mannitol was added to this mixture to disperse
in a small amount of distilled water, and said mixture was

recovered in an eggplant-shaped flask. This dispersion was

frozen, and freeze-dried with a freeze drier (DF-01H,
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ULVAC) to obtaiﬁ the microcapsule powder.

The content of léuprorelin acetate in the obtained
microcapsule powder was 17.5%, and the yield was about 56%.
From the results, it was found that the content of

leuprorelin acetate in the microcapsule was 21.1%.

Example 13

To 1.35 g of leuprorelin acetate and 0.315 g of

stearic acid (1-fold mole of leuprorelin acetate), 6.4 g of

methanol'waé added to dissolve with warming at about 40°C,
then this solution was adjusted to 30°C. To this solution,
a soluﬁion of 4.34 g of DL-lactic acid polymer (weight-
averége molecular weight: 21,800) in 7.6 g of
dichloromethane was added, and to blend with stirring to
prepare a homogeneous oil phase (0O phase). At this point,
the loading amount of the drug is 22.5%. Then, the O phase
was poured into 1 L of an aqueous solution of 0.1% (w/w)
polyvinyl alcohol (EG-40, Nippon Syﬁthefic Chemical
Industry Co., Ltd.) pre-adjusted to about 18°C, and_was
emulsified with a. homomixer (Tokushu Kika Kogyo
Corporation) to prepare the O/W emulsion (turbine rotation
frequency: about 7,000 rpm). This O/W emulsion was in-
water dried for about 3 hours, and sieved through a sieve
having an opening‘of 75 um, then; the microcapsules were

precipitated and <collected with a centrifuge (CR5DL;
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Hitachi, Ltd.; rotation frequency: about 3,000 «rpm).
Distilled water was added to the ﬁdcrocapsules to wash,
then, said mixture was re-centrifuged to precipitate the

microcapsules. After the supernatant was removed, 0.635 g

-of mannitol was added to‘ this mixture to disperse in a

small amount 'of distilled water, and said mixture was

recovered in an eggplant-shaped flask. This dispersion was

.frozen, and freeze-dried with a freeze drier (DF-01H,

ULVAC) to obtain the microcapsule powder.

The céntent of leuprorelin acetate in the obtained
microcapsule powder.was 16.7%, and the yield was about 52%.
From the results, it was found thét the content of

leuprorelin acetate in the microcapsule was 20.5%.

Example 14

To 1.35 g of leuprorelin acetate and 0.471 g of
stearic acid (l1.5-fold mole of leuprorelin acetate), 6.4 g
of methanol was added to dissolve with Warming at about
40°C, then this solution was adjusted to 30°C. - To this
solution, a solution.of 4.19 g of DL-lactic acid polymer
(weight-average molecular weight: 21,800) in 7.34 g of
dichloromethane was added, and to blend with stirring to
prepare a homogeneous oil phase (O”phase). At this point,
the loading amount of the drug is 22.5%. Then, the O phase

was poured into 1 L of an aqueous solution of 0.1% (w/w)
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polyvinyl‘ alcohol (EG-40, Nippon Synthetic  Chemical
Industry Co., Ltd.) pré—adjusted tb about 18°C, and. was
emulsified with a homomixer - (Tokushu Kika Kogyo
Corporation) to pfepare the O/W emﬁlsion (turbine rotation
frequency: about 7,000 rpm). This O/W emulsion was in-
water dried for about 3 hours, and sieved through a sieve

having an opening of 75 upm, then} the microcapsules were

-precipitated and collected with a '~ centrifuge (CR5DL;

Hitachi, Ltd.; rotation frequency: about 3,000 rpm).
Distilled wéter was added to the microcapsules to wash,
then, said mixture was re-centrifuged to precipitate the
microcapsules. After the supernatant wés removed, 0.635 g
of fnannitol was added to this mixture to disperse in a
small amount of distilled water, ‘and said mixture was
recovered in an eggplant-shaped flask. This dispersioﬁ was
frozen, and' freeze—dried with a freeze drier (DF-01H,
ULVAC) to obtain the mic;ocapéulg‘pbwder,.

The content héfi:léﬁbforélin‘Gaéétaté .iﬁ the obﬁained
microcapsule powder was 17.1%, and the.yield was about 73%.
From the results, it was found that the content of

leuprorelin acetate in the microcapsule was 19.7%.

Example 15
To 1.23 g of leuprorelin acetate and 0.287 g of

stearic acid (1-fold mole of leuprorelin acetate), 5.8 g of
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methanol Was added to dissolve with warming at about 40°C,
then this solution was édjusted to 30°C. To this solution,
a solution of 4.49 g of DL-lactic acid polymer (weight-
average moleculér weight: 21,800) in 7.9 g of
dichloromethane was added, and to blend with'stirring to
prepare a homogeneous o0il phase (0O phase). At this point,

the loading amount of the drug is 20.5%. Then, the O phase

-was poured into 1 L of an aqueous solution of 0.1% (w/w)

polyyinyl alcohol (EG-40, Nippon Synthetic Chemical
Industry' Co., Ltd.) pre-adjusted to about 18°C; and was
emulsified with a homomixer (Tokushﬁ Kika Kogyo
Corporation) to prepare the O/W emulsion (turbine rotation
freqﬁency: about 7,000 rpm). This O/W emulsion was in-
Water dried for about 3 hours, and sieved through a sieve

having an opening of 75 pum, then, the microcapsules were

_.precipitatéd :and collgcted‘ with a ~ centrifuge (CR5DL; -

- Hitachi, Ltd.; rotation frequéncy{ "about 3,000 rpm).

Distilled water was added to the ndcrocépsules to wash,
then, said mixture was re-centrifuged to precipitate_the
microcapsulesf After. the supernatant was rembved, 0.635 g
of mannitol was added to this mixture to disperse in a
small amount of distilled water, ahd said mixture was
recovered in an eggplant-shaped flask. This dispersion was .
frozen, and freeze-dried with a freeze drier (DF-01H,

ULVAC) to obtain the microcapsule powder.
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The content of leuprorelin acetate in the obtained
microcapsule powder was 15.8%} and the yield was about 66%.
From the - results, it was found that the content of

leuprorelin acetate in the microcapsule was 18.5%.

Example 16

To 1.29 g of leuprorelin acetate and 0.300 g of

.stearic acid (l-fold mole of leuprorelin acetate), 6.1 g of

methanol was added to dissolve with warming at about 40°C,
then this solution was adjusted to 30°C. To this solution,
a solution of 4.42 g of DL-lactic acid polymer (weight-
average molecular weight: _ 21,800)‘ in 7.7 g of
dichioromethane was added, and to blend with stirring to

preparé a homogeneous oil phase (O phase). At this point,

: thetloading_amount of}the dr@gvi$_21.5%;71Thén,"the'O phaée

Wasfpbufed into 1 L of aﬁ‘aqueous solution of’O.l%'(w/w) 

polyvinyl alcohol (EG-40, Nippon  Synthetic Chemical

Industry Co., Ltd.) pre-adjusted to aboﬁt 18°C, and was
emulsified with a homomixer (Tokushu Kika Kogyo
Corporation) to prepare the O/W emulsion (turbine rotation
frequency: about 7,000 rpm). This O/W emulsion was in-
water dried for about 3 hours, and sieved through a sieve
having an opening of 75 um, then,che microcapsules were
precipitated and collected with a céntrifuge {CR5DL;

Hitachi, Ltd.; rotation frequency: about 3,000 rpm).
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Distilled.water was added to the microcapsules to wash,
then, said mixture wasrre—centrifuged to precipitate the
microcapsules; After the supernatant was removed, 0.635 g
of mannitol was added to this mixture to disperse in a
small amount of distilled water, and said mixture was
recovered iﬁ an eggplant-shaped flask. This dispersion'was

frozen, and freeze-dried with a freeze drier (DF-01H,

- ULVAC) to obtain the microcapsule powder.

The content of leuprorelin acetate in the obtained
microcapsule powder was 15.9%, and the yield was about 56%.
From the results, it was found that the content of

leuprorelin acetate in the microcapsule was 19.2%.

"Exampléﬂij

“To '1.41 .g of leuprorelin acétate“and"0.328_ g of

stearic aéid’(l—fold mole of leuprorelin acetate), 6.7 g of

methanol was added to dissolve with warming at about 40°C,

then this solution was adjusted to 30°C. To this solution,

a -solution of 4.27 g of DL-lactic acid polymer (weight-
average molecular .weight:  21,800) in 7.5 g of
dichloromethane was added, and to blend with stirring to
prepare a homogeneous oil phase (O phase). At this point,
the loading amount of the drug is 23.5%. Then, the O phase
was poured into 1 L of an aqueous solution of 0.1% (w/w)

polyvinyl alcohol (EG-40, Nippon  Synthetic Chemical
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Industry .Co., Ltd.) pre~-adjusted to about 18°C, and was
emulsified with a -homomixer (Tokushu Kika Kogyo
Cbrporation) to prepare the O/W emulsion (turbine rotation
frequency: about 7,000 rpmj. This O/W emulsion was in-
water dried for about 3 hours, and sieved through a sieve

having an opening of 75 pm, then, the microcapsules were

precipitated and collected with a centrifuge (CR5DL;

.Hitachi, Ltd.; rotation frequency: about 3,000 rpm).

Distilled water was added to the microcapsules to wash,
then, said mixture was re-centrifuged to precipitate the
microcapsules. After the supernatant was removed, 0.635 g

of mannitol was added to this mixture to disperse in a

'vvsmalif_amount'_Qf._distilled water, —and. said;,mixture -waé

'recoveréd_in an eggplant—éhaped:flask; This dispersion was

frozen, and .freeze—dried with a freeze drier (DFQOlH,
ULVAC) to obtain the microcapsule powder.

The " content of leuprorelin-.acétate in the obtained
microcapsule powder was 17.0%, and the yield was about 71%.
From the results, it was found "that the content of

leupforélin acetate in the microcapsule was 19.6%.

Example 18
To 1.47 g of leuprorelin acetate and 0.342 g of
stearic acid (1-fold mole of leuprdrelin acetate), 7.0 g of

methanol was added to dissolve with warming at about 40°C,
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then this'solution was adjusted to 30°C. To this solution,
a solution of 4.20 g éf DL-lactic acid polymer (weight-
average molecular weight: 21,800) in 7.4 g of
dichloromethane wés added, and to blend with stirring to
prepare a homogeneous oil phase (O phase). At this point,
the loading amount of the drug is 24.5%. Then, the O phase

was poured into 1 L of an aqueous solution of 0.1% (w/w) of

.polyvinyl alcohol (EG-40, Nippon Synthetic Chemical

Industry Co., ©Ltd.) pre-adjusted to about 18°C, and was
emulsified with a homomixer (Tokushu Kika Kogyo

Corporation) to prepare the O/W emulsion (turbine rotation

.frquency:.about_7,000 ipm). f This3O7W*emulsion wasuinf

” watef,dried for about 3 hours, and sieved through a sieve

héving:an opening of.75 pm, thén,'the.microéapsules were
precibitated and collected with a‘ centrifuge (CR5DL;
Hitachi, Ltd.; rotation frequency: about 3,000 rpm).
Distilled water was added to the microcapsules to wash,
then, said mixture was re—centrifﬁged td precipitate the
microcapsules. After the supernatant was removed, 0.635 g

of mannitol was added to this mixture to disperse in a

small amount of distilled water, and said mixture was

recovered in an eggplant-shaped flask. This dispersion was
frozen, and freeze-dried with a freeze drier (DF-01H,
ULVAC) to obtain the microcapsule powder.

The content of leuprorelin acetate in the obtained
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microcapsule powder was 16.3%, and the yield was about 77%.
From the results, it was found that the content of

leuprorelin acetate in the microcapsule was 18.6%.

Example 19
To 33.75 g of leuprorelin acetate and 7.56 g of

stearic acid (l-fold mole of leuprorelin acetate), 160.33 g

-of methanol was added to dissolve with warming at about

40°C,  then this solution was adjusted to 30°C. To this

solution, a solution of 108.68 g of DL-lactic acid polymer

1(Weight—aVéfage"molecular weight: '21,800) in 190.2 g of

dichloromethane was'édded, aﬁd to bleﬁd with stirring to
prepére a homogeneous oil phése (O phase). At this poiﬂt,
the loading amount of the drug is 22.5%.. Then, after the O
phase was adjusted to about 30°C, the O phase was poured
into 25 L of an agueous solution of 0.1% (w/w) polyvinyl
alcohol (EG-40, Nippon Synthetic Chemical Industry Co.,
Ltd.) pre-adjusted to about 18°C, and was emulsified with a
HOMOMIC LINE FLOW (Tokushu Kika Kogyo Corporation)» to
prepare.the O/W emulsion (turbine rotation frequency: about
7,000 rpm, and the circulating ‘pump rotation frequency:
about 2,000 rpm.): This O/W emulsion was in-water dried
for about 3 hours, and sieved thrbugh a sieve having an.

opening of 75 pm, then, the microcépsules'were continuously

precipitated with a centrifuge (H-600S; Kokusan Enshinki;
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rotation.'frequency: about 2,000 rpm, and the flow rate:
about 600 ml/min) énd | collected. - The collected
microcapsules wére re-dispersed in a small. amount of
distilled water, ‘and sieved through a sieve having an
opening of 90 um, then, 17.2 g of mannitol was added and
freeze—dried with freeze drier (DFM-05A-S, ULVAC) to obtain

the microcapsule powder. The content of leuprorelin

_acetate in the obtained microcapsule powder was 18.2%, and

the yield was about 80%. From the results, it was found
that the content of leuprorelin acetate in the microcapsule

was 20.9%.

Example 20 |

To 30.0 g of leuprorelin acetate and 6.725 g of
stearic acid (1-fold mole of leuprorelin acetaté), 142.5 g
of methanol was added to dissolve with warming at about
40°C, then this solution was adjusted to 30°C. To this
solution, a solution of 113.28 g of DL-laétic acid polymer
(weight-average molecular weight: 21,800) in 198.23 g of
dichloromethane was added, and to blend with stirring to
prepare a homogeneous o0il phase (O phase). At this point,
the loading amount of the drug is 20.0%. Then, after the O
phase was adjusted to about 30°C,'the O phase was poured.
into 25 L‘of an aqueous solution of 0.1% (w/w) polyvinyl

alcohol (EG-40, Nippon Synthetic Chemical Industry Co.,
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Ltd.) pre;adjusted to about 18°C, and was emulsified with a
HOMOMIC LINE FLOW (Tokushu Kika Kogyo 'Corporation) to
prepare the O/W‘emulsion (turbine rotation frequency: about
7,000 rpm, and the circuléting pump rotation frequency:
about 2,000 rpm.). fhis O/W emulsion was in-water dried
for about 3 hours, and sieved through a sieve having an

opening of 75 um, then, the microcapsules were continuously

.precipitated with a centrifuge (H-600S; Kokusan Enshinki;

rotation frequency: about 2,000 rpm; and the flow rate:
about 7600  ml/min) and collected. The : Collectea
microcapsules were re—diépefsed in a small amount of
distilled water, and sieved through' é sieve having an
opeﬁing of 90 pm, then, 17.2 g of ménnitol was added and
freeze-dried with freeze drier (DFM—OSA—S, ULVAC) to obtain
the microcapsule powder. The content of leuprorelin

acetate in the obtained microcapsule powder was 16.6%, and

"the yield was about 80%. From the results, it was found

that the content of leuprorelin acetate in the microcapsule

was 19.0%.

Example 21

To 22.68 g of leuprorelin aéetate and 5.08 g of
stearic acid (l1-fold mole of leuprérelin acetate), 107.7 g
of methanol was added fo dissolve with warming at about

40°C, then this solution was adjusted to 30°C. To this
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solution,.a solution of 80.24 g of DL-lactic acid polymer
(weight-average moleculér welight: 26)100)' in 140.4 g of
dichloromethane was added, and to‘blend with stirring to
prepare a homogenéous oil phase (O phasej. At this point,
the loading amount of the drug is 21.0%. Then, after the O
phase was édjusted to about 30§C, the O phase was poﬁred

into 18 L of an aqueous solution of 0.1% (w/w) polyvinyl

~alcohol (EG-40, Nippon Synthetic Chemical Industry Co.,

Ltd.) pre-adjusted to about 18°C, and was emulsified with a
HOMOMIC 'LINE FLOW (Tokushu Kika Kogyo Coippration) to
prepare the O/W emulsion (turbine rotation frequency: about
\7,000 rpm, and the circulating pump fotation frequency:
about 2,000 rpm.). . This O/W emulsion was in-water dried
for about 3 houré, and sieved through a sieve having an
opening of 75 um, then, the microcapsules were continuously
precipitated with a centrifuge (H—6OOS;YKokusan Enshinki;
rotation ' frequency: about 2,000 rpm, and the flow ratef
about 600 ml/min) and collected. | The collected
microcapsules were -re-dispersed in a small amount of
distilled water, and sieved through a: sieve having an-
opening of 90 um, then, 13.3 g of mannitol was added and.
freeze-dried with freeze drier (DFM-05A-S, ULVAC) to obtain
the microcapsule powder. The content of leuprorelin
acetate in the obtained microcapsule powder was 16.5%, and

the yield was about 73%. From the results, it was found
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that the content of leuprorelin acetate in the microcapsule

was 19.4%.

Example 22
To 31.5 g of leuprorelin acetate, 130.08 g of methanol
was added to dissolve with warming at about 40°C, then this

solution was adjusted to 30°C.  To this solution, a

.SOlution of_11l.44 g of DL-lactic -acid polymer (weight-

average molecular weight: 26,300) and 7.06 g of stearic

‘acid (l*fold mole of leuprorelin acetate) in the mixture of

195.0 g of dichloromethane and 19.50 g of methanol was

.added, and to blend with.stirring to prepare a homogeneous

oil phase (O phase). At this point,_the.loading amount of
the drug is 21.0%. After the O phase was adjusted to about
3C°C, the O phase Qas poured into 25 L of én‘ aqﬁeous
solution of 0.1% (w/w) polyvinyl alcohol (EG-40, Nippon
Synthetic¢ Chemical Industry Co;, Ltd.) pre-adjusted to
about 18°C, and was emulsified with a HOMOMIC LINE FLOW
(Tokushu Kika Kogyo Corporation) to prepare the O/W
emulsion (turbine rotation frequency: about 7,000 rpm; and
the circulating pump rotation frequency: about 2,000 rpm.).
This O/W emulsion was in-water dried for about 3 hours, and
sieved through a sieve having an 6pening of 75 um, then, .
the microcapsules were continuodsly precipitated with a

centrifuge (H-600S; Kokusan Enshinki; rotation f£frequency:
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about 2,000 rpm, and the flow rate: about 600 ml/min) and
collected. The collecfed microcapéules were re-dispersed
in a small amount of distilled water, and sieved through a
sieve having an oéening»of 90 pm, then, 17.2 g of mannitol

was added and freeze-dried with freeze drier (DFM-05A-S,

"ULVAC) to obtain the microcapsule powder. The content of

leuprorelin acetate in the obtained microcapsule powder was

-17.5%, and the yield was about 78%. From thé’results, it

was found that the content of leuprorelin acetate in the

microcapsule was 20.2%.

Example 23

.To 33.75 g of ‘leuprorelin acetate, 141.31 g of
methandl was added to dissolve with warming a£ about 40°C,
thén this solution was adjusted to 30°C. To this solufion,
a solution of 108.68 g of DL-lactic acid polymer (weight-
average molecular weight: 22,100) and 7.56 g of stearic

acid (l1-fold mole of leuprorelin acetate) in the mixture of

- 190.2 g of dichloromethane and 19.02 g of methanol was

added, and to blend with stirring to prepare a homogeneous
0il phase (O phase). At this point, the loading amount of
the drug is 22.5%. After the O phase was adjusted to about
30°C, the O phase was poured into 25 L of an aqueous.
solution of 0.1% (w/w) polyvinyl. alcohdl (EG-40, Nippon

Synthetic Chemical Industry <Co., Ltd.) pre-adjusted to
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about 185C, and was emulsified with a HOMOMIC LINE FLOW
(Tokushu Kika Kogyo Corporation)‘ to prepare the O/W'
emulsion (turbine rotation frequency: about 7,000 rpm, and
the circulating pﬁmp rotation frequency: about 2,000 rpm.).
This O/W emulsion was in-water dried for about 3 hours, and

sieved through a sieve having an opening of 75.um, then,

-the microCapsules were »continuously precipitated with"a'

-centrifuge (H-600S; Kokusan Enshinki; rotation frequency:

about 2,000 rpm, and the flow rate: about 600 ml/min) and
collected.v The collected microcapsules were re-dispersed
in a small amount of distilled water, and sieved through a
sieve having an opening of 90 um, then,.17.2 g of ménnitol
was added and freeze-dried with freeze drier (DFM-05A-S,
ULVAC) to obtain the microcapsule powder. The content of
leuprorelin acetate in the obtained microcapsule powder was
18.4%, and the yield was about 77%. From the results, it
was found that the content of leuprorelin acetate in the

microcapsule was 21.2%.

Example 24

To 30 g of leuprorelin acetate, 122.68 g‘of methanol
was added to dissolve with warming at about 40°C, then this
solution was adjusted to 30°C. To this scolution, a.
solution of 113.28 g of DL-lactic acid polymer (weight-

average molecular weight: 22,100) and 6.725 g of stearic
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acid (l—fbld mole of leuprorelin acetate) in the mixture of
198.2 g of dichloromethane and 19.82 g of methan@l was
added, and mixed with stirring to prepare a homogeneous o0il
phase (O phase). ‘At this point, the loading amount of the

drug is 20%. After the O phase was adjusted to about 30°C,

the O phase was poured into 25 L of an aqueous sblutioh of

'0.1% (w/w) polyvinyl alcohol (EG-40, Nippon Syhthetic

-Chemical Industry Co., Ltd.) pre-adjusted to about 18°C,

and was emulsified with a HOMOMIC LINE FLOW (Tokushu Kika
Kogyo Corpération) to prepare an O/W emulsion (turbine
rotation frequency: about 7,000 rpm, and the circulating
pump rotation frequency: about 2,000‘ rpm) . This O/W
emuléion was in-water dried for about 3 hours, and sieved
throughv a sieve having ah opening of 75 u m, then, the
microcapsules were continuously precipitated with a
centrifuge (H—GOOS; Kokusan Enshinki; rotation frequency:
about 2,000' rpm; the flow rate: about 600 ml/min). and
collected. The collected microcapsuleé were dispersed
again in a small amount of distilled water, and sieved
through a sieveAhaving an opening of 90 pm. Then, 19.9 g of
mannitol was added thereto, and freeze-dried with freeze
drier (DFM-05A-S, ULVAC) to obtain the micrécapsule powder.
The content of leuprorelin acetate in the obtained
microcapsule powder was 15.4%, and the yiéld was about 66%.

From the results, it was found that the content of
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leuprorelin acetate in the microcapsule was 18.7%.

Example 25

To 1.35 g éf leuprorelin .acetaté and 0.907 g of
stearic acid»(3ffold mole gf leuprorelin acetate)lwas added
6.4 g-of methanol to disSOlvé with warming at abbut 40°C,»

then this solution was adjusted to 30°C. To this solution

.was added a solution of 3.74 g of DL-lactic acid polymer

(weight-average molecular weight: 21,800) in 6.5 g of
dichloromethane, and mixed with stirring to prepare a

homogeneous o0il phase (O phase). At this point, the

loading amount of the drug is 22.5%. This O phase was

pouréd into 1 L of an aqueous solution of 0.1% (w/w)
polyvinyl alcohol (EG-40, Nippoh Synthetic  Chemical ‘
Industry Co., Ltd.) pre-adjusted to about 18°C, and. was
emulsified with a ﬁomomixer (Tokushu Kika Kogyo
Corpération) to prepare an O/W emulsion (turbine rotation
frequency: about 7,000 rpm). The O/W emuléion was in-water
dried for about 3 hours, and sieved through a sieve having
an opening Qf 75 u m, then, the miérocapsules were
precipitated and collected with a centrifuge (CR5DL;
Hitachi, Ltd.; rotation frequency: about 3,000 rpm). To
the microcapsules was added distilled water to wash, and
was centrifuged agaiﬁ to precipitéte. After removing the

supernatant, 0.635 g of mannitol was added thereto, and the
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mixture was dispersed with a small amount of distilled
water. The dispersion was recovered in an eggplant-shaped
flask. This dispersion was frozen, and  freeze-dried with a

freeze drier (DF-01H, ULVAC) to obtain the microcapsule

"powder. The content of leuprorelin acetate in the obtained

AN

" microcapsule powder was 9.6%, and the yield‘was about 44%.

From the results, it was found that +the content of

- leuprorelin acetate in the microcapsule was 12.2%.

Example 26

To 1.35 g of leuprorelin acetate and 1.513 g of
stearic acid (5-fold mole of leuproreliﬁ acetate) was added
6.4.g of methanol to dissolve with warming at about 40°C,
then this solution was adjusted to 30°C. To this solution
was added a solution of 3.14 g of DL-lactic acid poiymer
(weight—averége molecular weight: 21,800) in 5.5 g of
dichloromethane, and mixed with stirring to prepare a
homogeneous 0il phase (O phase). At .this point, the
loading amount of the drug is 22.5%. This O phase was
poured into 1 L of. an aqueous solution of 0.1% (w/w)
polyvinyl alcohol (EG-40, Nippon Synthetic Chemical
Industry Co., Ltd.) pre-adjusted to about .18°C, and was
emulsified with a homomixer  (Tokushu Kika Kogyo .
Corporation) to prepare an O/W emulsion (turbine rotation

frequency:_about 7,000 rpm). The O/W emulsion was in-water
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dried for‘about 3 hours, and sieved through a sieve having
an opening of 75 u m, then, the microcapsules were
precipitated and collected with a centrifuge (CR5DL;
Hitachi, Ltd.; rétation frequency: about 3,000 rpm). To
the micfocapsules was added distilled water to wash, and
was centrifﬁged again to precipitate. After removing>the

supernatant, 0.635 g of mannitol was added thereto, and the

-mixture was dispersed with 'a small amount of. distilled

wate;. The dispersion was recovered in an eggplant-shaped
flask. ’Thié dispersion was frozen,‘and freeze-dried with a
freeze drier (DF-01H, ULVAC) to obtain the ﬁicrocapsule
powder. The content of leuprorelin aceﬁate in the obtained
micfocapsule powder was 5.3%, and the yield was about 53%.
From the results, it was found that the content of

leuprorelin acetate in the microcapsule was 6.5%.

Experiment Example 6

Each 59 mg of the microcapsule powder prepared in
Comparative Example 4 or 59 mg of the microcapsule powder
prepared in Example 7 - was suspended in about 0.4 mL of the
dispersal vehicle, and subcutaneously administered to a rat
{9 mg dose calculated as leuprorelin acetate), then the
leuprorelin acetate concentrations in the serum were.
measured. The transition of blood concentration is shown

in Fig. 8. For the period from 1 week to 10 weeks after
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the admihistration, the blood concentration level of
Example 7 was greatlyi higher thah that of Comparative
Example 2. That is, an addition of stearic acid can result
in the improvemenﬁ of the release rate of the drug, and can
provide the improvement of the blood conﬁentration lévels
on onset part (from 24 hougs to 1 montﬁ after -the

administration) and maintenance part (1 month or later

.after the administration).

Experiment Example 7

Each 61 mg of the microcapsule powder prepared in
Comparative . Example 5, 61 mg of the lﬁiérocapsule powder
prepéred in Example 8, or 59 mg of the microcapsule powder
prepared in Example 10 was suspended in about 0.4 mL of the
diépersal vehicle, and subcutaneously administered to a rat
(9 mg dose calculated as leuprorelin acetate), then the
leuprorelin acetate concentrations in the serum were
measured. The transition of blood conceﬁtration is shown
in Fig. 9. 1In the period 4 weeks after the administrat;on,
the blood concentration level of Example 8 and Example 10
was greatly higher than that of Comparative Example 3.
Additionally, in the hollow-section in second day after the
administration observed in Example 8, Example 10 maintained .
the high level, and showed more favorablg blood

concentration pattern. That 1is, a control of an additive
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amount of stearic acid and a loading dose of the drug can

provide the control of the release rate on onset part (from

24 hours to 1 month after the administration) and the

achievement of the ideal blood concentration pattefn.

Experiment Example 8

The entrapment ratios of leuprorelin acetate in the

-microcapsule powders prepared in Example 15, Example 16,

Example 13, Example 17 and Example 18 were calculated,
respectively. The results are shown in Table 3. The term

"a entrapment ratio of .leuprorelin acetate”™ as herein
referred means a rate calculated by dividing "a content of
leupiorelin acetate in the microcapsule”™ by "a loading
amount of leuprorelin acetate". As shown in Table 3, a
slightly decreasing tendency of the entrapment‘ratid was

observed after the loading amount exceeded 23.5%.

Table 3

| Example |Example |Example |Example |Example
15 16 13 17 18

Mole ratio
of added
stearic
acid to
leuprorelin
acetate

Loading

amount Qf 20.5 21.5 22 .5 23.5 24.5
leuprorelin - -

acetate [%]
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entrapment
ratio of 1 502 189.3 91.0 83.7 76.1
leuprorelin '
acetate [%]

Experiment Example 9
The entrapment ratios of leuprorelin acetate in the
microcapsule powders prepared in Comparative Example 4,

Example 11, Example 12, Example 13, Example 14, Example 25

. and Example 26 were calculated, respectively. The results

are shown in Table 4. A decreasing tendency of entrapment
ratio was observed after the mole ratio of the added

stearic acid to leuprorelin acetate exceeded 1.5.

Table 4

Comparati | Examp | Examp |Examp | Examp | Examp | Examp
ve le 11 |le 12 |le 13 |1le 14 |le 25 |1le 26
'Example 4 '

Mole 0 0.25 0.5 1.0 1.5 3.0 5.0
ratio of .

added
stearic
acid to
leuprorel
in
acetate

Loading | 22.5 22.5 22.5 22.5 22.5 22.5 22.5
amount of -

leuprorel
in
acetate

(3]

Entrapmen | 90.4 93.6 93.9 91.0. 87.6 54.1 28.8
t ratio
of
leuprorel
in
acetate

[%]
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Expériment Example 10
59 mg of the microcapsule powdef prepared in
Comparative Example 4, 54.mg of the ndcrocapsﬁle powder
pfepared in Comparative Example 6, 50 mg of the
microcapsule powder prepared in Example 19, 54 mg of the
ﬁicrocapsule powder prepared in Example 20 and 55 mg of the
- microcapsule powder prepared in Example 21 were suspended
in about 0.4 ﬁL of dispersal vehicle, respectively, and
subcﬁtaneouély administered fo a rat (9 mg dose as
leuprorelin acetate, respectively), then the leuprorelin
acetate concentrations in _the serum were measured. The
results of the maximum blood level (Cmax) and AUC within 24
hours after the administration, AUC from 24-hour to one
month after the administration (onset part) and serum
concentratidn of the Sixth month after the administration
are shown in Tablé 5. As seen from Table 5, the
preparation of Examples 19, 20 and 21 wherein the loading
amount of the drug is about 20 to 22.5% and stearic acid is
contained had a high blood level and AUC for the onset ﬁart,
compared to the preparation of.Comparative Examples 4 and 6
wherein the loading amount of the drug is about 20 to 22.5%
and stearic acid is not contained. On the other.hand, the
drug was detected from blood even at 6 months after the

administration, and it is confirmed that the drug is being
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released over a 1long period of} time. That 1is, the
transition of blood‘leVel in onset part could be improved
significantly by containing stearic acid.

Table 5

within 24 Thours | 24-hour to one | sixth month
after the | month after | after the
.} administration the administration
: administration
Cmax AUC | AUC serum
[ng/mL] [ng [ng week/mL] concentration
week/mL] [ng/mL]
| Comparative | 49.07 0.67 1.71 1.02
Example 4
Comparative |129.97 |[1.56 2.30 1.17
Example 6 _ . )
Example 19 220.65 | 3.48 15.01 : 0.39
Example 20 132.63 |1.95 7.06 0.84
Example 21 268.50 |4.43 19.77 0.35

Industrial Applicability

The sustained-release composition of .the present
invention can contain a high content of a physiélogically
actiVe substance and suppress the initial excessive release
thereof and enable a long-term stable releaée rate.

‘That 1is, the suppression of the initial excessive
release of the physiologicaily active peptide and the
stable release of the drug on onset part after
administration can be achieved, additionally, the
sustained-release composition of the present invention can
stably sustainedfreleasé the physiologically active
substance for a long period from about 60 to 400 days after

the administration at the effective blood concentration.
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Additionally, sinée- a‘ content of a physiologically
active substaﬁce in the preparation 'is higher than that of
the conventional preparatibn, a volume and,weight of wholé
sustained-release preparatibn needed per unit dose of the
active ingredient can be reduced. Thereby, . the physical
burden can'be relieVed in‘patients such as a pain at the

time of administration and an induration after

administration considered due to administration of a

preparation having a large unit volume.
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CLAIMS
1. A sustained-release composition - in which a
phyéiologically active. substance -comprised of a .water—
soluble physiélogically acfive peptide 'is substantially
uniformly dispersed in a microcapSule'comprised_of.a-lactic'
acié polymef.or a salt thereof, wherein avphysiologicélly

active substance is contained in an amount of 15 to 35

u(weight/weight)% to the total microcapsules, and weight-

average molecular weight (Mw) of the'lactic acid polymer is
about 11,000 to about 27,000.

2. The sustained-release composition according to claim 1,

‘wherein._the weight-average molecular weight (Mw) of the

lactic acid polymer is any one selected from:

(i) about 11,600 to about 20,000 and

(ii) about 19,000 to about 27,000.
3., The sustained-release composition accordiﬁg to claim 2
wherein the weight-average moiecular weight (Mw) of the
lactic acid polymer is (i) about 11,600 to about 20,000,
which comprises maintaining an effective drug blood level
oveﬁ a period of about 60 days to 130 days by in vivé
release of the physiologically active substance from the
sustained-release composition.

4. The sustained-release composition according to claim 2

wherein the weight-average molecular weight (Mw) of the

lactic acid polymer is (ii) about 19,000 to about 27,000,
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which comprises maintaining an effective drug blood level
over a period of about 120 days to 400 days by in vivo
release -of the physiologically active substance from the
sustained-release composition.

5. The sustained—releése'oomoosition according to claim 1,
whérein the physiologically active substance is a LH-RH

derivative.

. 6. The sustained-reiease composition according to claim 1,

wherein the physiologically active substance is a peptide
of formula:

5—oxo—Pro—His—Trp—Ser—TYr—Y—Leu—Arg—Pro—Z

wherein, Y.répfesents DLeu, DAla, DTrp; DSer (tBu), D2Nal

or DHis (ImBzl) and Z represents NH-C;Hs or Gly-NH;, or a

‘salt thereof.

7. The'sustained—reLeaée composition according to claim 1,
wherein the physio}ogioally active substance is a peptide
of formula:
5-0xo-Pro-His-Trp-Ser-Tyr-DLeu-Leu-Arg-Pro-NH-C,Hjs

or an acetate thereof.

8. The sustained-release composition according to claim 1,
characterized in that .a content of the contained
physiologically active substance is 17 to 26
(weight/weight)$% to tﬁe total microcapsules.

9. The sustained-release oomposition according to claim 1

which is obtained by'diobolving the lactic acid polymer or
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the salt. thereof in a volatile. water-immiscible first
solvent to prepare a first solution,v

dissolving the physiologically active substance compfised
of the water—solﬁble physiolégically active peptide in a
water-miscible second solvent to prepare a second solution,
mixing the. resultant first solution and the resultant

second solution to prepare a third solution in which the

-lactic acid polymer or the salt thereof and the

physiologically active substance are uniformly dissolved,
dispersing ‘the resultant third solution in a fourth
solution comprised of an aqueous solution of an emulsifier
to prepare an O/W emulsion, and

remdﬁing the first soivent and the second solvent from the
generatéd microcapsule.

10. The sﬁstained—release composition according claim 9,
characterized in that a mixed solvent in which a water-
miscible third solvent is further added to the first
solvent is used as a solvent for dissolving the lactic acid
polymer or the salt thereof in the preparation of the first
solution.

11. The sustained-release composition according to claim 9,
characterized in that a controlled temperature of the
emulsifying step is adjusted to about 15 to about 35°C in .
the step of removing the first solvent and the second

solvent from the microcapsule.
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12. The Sustained—release composition according claim 11,
characterized in thatv the temperéture control of the
emulsifying step is performed by adjusting the temperaﬁure
of the O/W emulsién to about 15 to 35°C.

13.‘The sustained-release composition according to claim 9,
wherein the.respective temperatures of the third.solutibn

and the fourth solution in the preparation of the O/W

-emulsion are about 15 to about 35°C.

14. The sustained-release composition according to claim 9,
characterizéd in that thei step of removing the first
solvent and the second solvent.from the microcapsule 1is
performed by an in-water drying method.

15. The sustained-release composition according to claim 9,
wherein the first solvent is dichloromethane.

16. The sustained-release composition according to claim 9,

"'wherein the Second solvent and/or the third solvent is a

lower alcohol.

17. The sustained-release composition acéording to claim
16, wherein the lower  alcohol is methanbl, ethanol, or
propanol.

18. The sustained-release composition according to claim 9,
characterized in that a volume ratio of the water-
immiscible solvent and the water-miscible solvent in the
third solution is 35:65 to 55:45.

19. The sustained-release compositioh according to claim 9,
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characterized in that a polymer concentration in the first
solution is about 33 tov45% by weight.
20. The suétained—release composition according to claim 9,
characterized iﬁ that a loading amount of the
physioldgically active substance in the preparation of the
third solution is 17 to 50% by weight.

21. The sustained-release composition according to claim 9,

. characterized in that a content of the contained

physiologically active substance is 17 to 26
(weight/Weight)% to the total microcapsules.

22, .The sustained-release composition according to claim
21, characterizedv in that a loadiﬁg amount of the
physiologically active substance in the preparation of the
third solution is 19 to 38% by weight.

23. The sustained-release composition according to élaim
21, characterized in that a loading amount of the
physiologically active substance in the preparation of the
third solution is 20 to 23% by weight.

24. The sustained-release composition according to claim 1,
characterized in that the sustained—releaSe composition
further contains a fatty acid.

25. The sustained-release composition according to claim
24, wherein the fatty acid is at least one selected from.
stearic acid, benzoic acid, hydfoxynaphthoic acid, and

pamoic acid.
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26. The Sustained-release composition according to claim
24, characterized in thét a fatio of the fatty acid to the
total microcapsules is about 0.01 to about 50% by weight.

27.  The sustainea—release composition according to ciaim
24, characterized in that an amount of the fatty acid to be
added is O.i to 10 moles :elative to one mole of the water-

soluble physiologically active peptide or the salt thereof;

.28. The sustained-release composition according to claim 1,

which is characterized by being easily dispersible in a
disperse medium.

29. The sustained-release composition according to claim
28, which is characterized by being stable for 24 hours or
moreAafter dispersion in the disperse medium.

30. The sustained-release composition according to claim 2
wherein the weight—average molecular weight (Mw) of- the
lactic acid polymer is (i) about 11,600 to about 20,000,
which 1is’ characteriéed in that a ratio of the weight-
average molecular weight (Mw) to thé number-average
molecular weight (Mn) is more than 1.9.

31. The sustained—release composition according to claim 2
wherein the weight-average molecular weight (Mw) of the
lactic acid polymer is (ii) about 19,000 to about 27,000,
which is characterized in that a ratio of the weight-
average molecular weight (Mw) to the number-average

molecular weight (Mn) is more than 1.5.
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sustained~release composition according to claim 1,

characterized in that the lactic acid polymer is polylactic

acid or

33. The

characterized in that the lactic acid polymer is

polylactide.
sustained-release composition according to claim 1,

poly-DL-

lactic acid or poly=DL-lactide.

34. The

sustained-release composition according to claim 1,

.characterized in that the lactic acid polymer is a lactic

acid-glycolic acid polymer.

35. The sustained-release composition according to claim

34, characterized in that a composition ratio of lactic

acid/glycolic acid in the lactic acid-glycolic acid polymer

is 60/40 to 99.9/0.1.

36. The

wherein
polymer

content

37. The

wherein

polymef

content
38. The
wherein
polymer

content

sustained-release composition according to claim 1,
the lactic acid polymer is a polymer containing a
havihg a molecular weight of 5,000 or less whose
is about 5.0% by weight or less.

sustained-release composition according to claim 1,
the lactic acid polymer is a polymer containing a
having a molecular weight of 3,000 or less whose
is about 1.5% by weight or less.

sustained-release composition ‘according to claim 1,
the lactic acid polymer is a polymer containing a .
having a molecular weight‘of 1,000 or less whose

is about 0.1% by weight or less.
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39. The éustained-release composition according to claim 2
in which the weight—avérage molecuiar weight (Mw) of the
lactic acid polymer is (i) about 11,600 to about 20,000,
wherein the weigﬁt—average molecular “weight (Mw) of the
lactic acid polymer is 12,000 to i9,000.

40. The suétained—release composition according to claim 2

in which the weight-average molecular weight (Mw) of the

-lactic acid polymer is (i) about 11,600 to about 20,000,

wherein the weight-average molecular weight (Mw) of the
lactic adid‘polymer is 13,000 to 18,000.
41. The sustained-release composition according to claim 2
in which the weight-average molecular Weight (Mw) Qf the
lacticlacid polymer is (ii) about 19,000 to about 27,000,
wherein the weight-average molecular weiéht (Mw) of the
lactic acid polymer is 19,500 to 26,500.
42. A procéss for preparation of a sustained-release
composition of a microcapsule containing a physiologically
active substance at 15 to 35%. by weight to the whole
microcapsules, comprising steps of:

(i) dissclving a lactic acid polymer or a salt thereof in
a volatile water-immiscible first solvent to prepare a
first solution,

(ii) dissolving the physiologibally active substance
comprised of a water-soluble physidlogically active peptide

in a water-miscible second solvent to prepare a second
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solution,v
(iii) mixing the résultant fifst solution and the
resultant second solution to prepare a third solution in
which the lactic écid polymer or the salt thereof and the
physiologically active substance are uniformly dissolved,
(iv) dispérsing the resultant third solution in a foﬁrth

solution comprised of an aqueous solution of a surfactant

-to prepare an O/W emulsion, and

(v) removing the first solvent and the second solvent
from the'nﬁcrocapsule by an in-water drying method at a
controlled temperature of about 15 to about 35°C.

43. The process according to claim 42,‘wherein the weight-
averége molecular weight (Mw) of the lactic acid pdlymer is
about 11,600 to about 20,000.

44, The process according to claim 42, wherein the weight-
avefage moleéular weight (Mw) of the lactic acid polymer is
about 19,000 to about 27,000.

45. The process according to claim 42,.characterized in
that a mixed solvent in which a water-miscible third
solvent is further added to the first solvent is usedias a
solvent for dissolving the lactic acid polymer or the salt
thereof in the step (i).

46. The process according to claim 42, characterized in .
that the respective temperatures of the third solution and

the fourth solution in the preparation of the O/W emulsion
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are adjusﬁed to about 15 to about 35°C.

47. The process for thé preparationvof a sustained-release
composition according to claim 42, which is characterized
in that a fatty acid or a salt thereof is further added to
the first solution and/or the second solution or the third
solution.

48. The process for the preparation of a sustained-release

-composition according to claim 42, which is characterized

in that a fatty acid or a salt thereof is dissolved in the
second solution.

49. The process for the preparation of a sustained-release

composition according to claim 42, which is characterized

in that a loading amount of the physiologically active
substanée in the preparation of the third solution is 17 to
50% by weight.

50. The proéess for the preparation of a sustained-release

composition according to claim 42, which is characterized

-in that a content of the contained physioclogically active

substance 1is 17 to 26 (weight/weight)% to the total
microcapsules.

51. The process fof the preparation of a sustained-release
composition according to claim 50, which is characterized
in that a loading amount of the physiologically active
substance in the préparation of the third solution is 19 to

38% by weight.
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52. The process for the preparation of a sustained-release
composition according tb claim 50, which is characterized
in that a loading amount of the physiologically active
substance in the preparation of the third solution is 20 to
23% by weight.

53. The prbcess for the preparation of a sustained-release

composition according to claim 42, which is characterized

by maintaining an effective drug blood level over a period

of about 60 days to 130 days by in vivo release of the

physiologically active substance from the sustained-release

composition.
. 54. The process for the preparation of a sustained-release
composition according to claim 42, which is characterized

by maiﬁtaining an'effective drug blood level over a period
of about 120 days to 400 days by in vivo release of the
physiologicaily active substance from the sustained-release
composition. |

55. The sustained-release composition accbrding to claim 2
in which the weight-average molecular weight (Mw) of the
lactic acid polymer_is (i) about 11,600 to about 20}000,
which is characterized in that a ratio of a maximum blood
concentration of an active ingredient within 24 hours after
the administration to an average blood concentration of the
active ingredient for a périod from 24 hours to one month

after the administration is 2 to 50.
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56. The Sustained—release composition according to claim 2
in which the weight—avérage molecuiar weight (Mw) of the
lactic acid polymer is (i) about 11,600 to about 20,000,
which is characterized in that a ratio of a maximum blood
concentration of an active ingredient within 24 hours after
the administration to an average blood concentration of the

active ingredient for a period from one month to three

-months after the administration is 20 to 350.

57. The sustained-release composition according to claim 2
in which'tﬁe.weight—average molecular weight (Mw) of the
lactic acid polymer is (i) about 11,600 to about 20,000,
which  1s characterized in that areé under the Dblood
concéntration-time curve (AUC) of an active ingredient
within 24 hours after the administration calculated from
the blood concentration is 3% to 30% of the Qhole AUC.

58. The sustained-release composition according to claim 2
in which the weight-average molecular weightv(Mw) of the
lactic acid polymer is (i) about 11,600‘to about 20,000,
which 1s characterized in that area .under the Dblood
concentration-time curve (AUC) of an active ingredient for
a period from 24 hours to one month after the
administration calculated from the blood concentration is
40% to 80% of the whole AUC, ‘and  has an excellent .
sustained-release profile.

59. The sustained-release composition according to claim 2
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in which'the weight-average molecular weight (Mw) of the
lactic acid polymer is (i) about 11,600 to about 20,000,
which is characterized in that area under the blood
concentration—timé curve (AUC) of an active ingredient for
a period from one month to three months after the
administration is 10% to 35% of the whole AUC, and haé an

excellent sustained-release profile.

. 60. The sustained-release composition according to claim 2

in which the weight-average molecular weight (Mw) of the
lactic'aCid.polymer is (ii) about 19,000 to about 27,000,
which is characterized in that a ratio of a maximum blood
concentration of an active ingredient within 24 hours after
the édministration to an average blood concentration of the
active>ingredient for a period from 24 hours to one month
after the administration is 10 to 90.

61l. The sustained—release composition according to claim 2
in which the weight-average molecular weight (Mw) of the
lactic acid polymer isb(ii) about 19,000.to about 27,000,
which is characterized in that a ratio of a blood maximum
concentration of an active ihgredient within 24 hours after
the administration to an average blood concentration of the
active ingredient for a period from one month to six months
after the administration is 20 to 500.

62. The sustained-release composiﬁion according to claim 2

in which the weight-average molecular weight (Mw) of the
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lactic acid polymer is (ii) about 19,000 to about 27,000,
which 1is characterized in that érea under the blood
concentration-time curve (AUC) of an active ingredient
within 24 hours éfter the administration calculated from
the blood concentration is 1% to 20% of the whole AUC.

63. The suétainéd—release composition according to claim 2

in which the weight-average molecular weight (Mw) of the

-lactic acid polymer is (ii) about 19,000 to about 27,000,

which is characterized in that area under the blood
concentration-time curve (AUC) of an active ingredient for

a period from 24 "hours to one month after the

administration calculated from the bloéd concentration is.
10% Ato 50% of the whole AUC, and has an excellent

sustained-release profile.

64. The sustained-release composition according to cléim 2

in which thé weight—éverage molecular weight (Mw) of the

lactic acid polymer is (ii) about 19,000 to about 27,000,

which 1is characterized by that area ﬁnder the Dblood
concentration-time curve (AUC) of an active ingredient for

a period from one. month to six months after the

administration is 40% to 90% of the whole AUC, and has an

excellent sustained-release profile.

65. A pharmaceutical composition cbmprising the sustained-
release composition according to claim 1.

66. A prophylactic or therapeutic agent for prostate
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cancei, 4prostatic hyperplasia, . endometriosis, uterine
fibroid, uterine fibromé, precociousvpuberty, dysmenorrhea,
or breast cancer, or a contraceptive agent, comprising the
sustained—releasebcomposition according to claim 1.

67. A prophylactic agent for premenopausal breast cancer

postoperative recurrence, comprising the sustained-release

composition according to claim 1.

.68. A method for preventing or treating prostate cancer,

prostatic hyperplasia, endometriosis, wuterine fibroid,
uterine fibroma, precocious puberty, dysmenorrhea, or
breast cancer, or a method of contraception, comprising

administering an effective amount of the sustained-release

~composition according to claim 1 to a mammal.

69. A method for preventing premenopausal breast cancer
postoperative recurrence, comprising administering an
effective amount of ﬁhe sustained-release composition
accérding to claim 1 to a mammal.

70. The method according to claim 68 or claim 69,
characterized in that the sustained-release composition is
prépared by the method according to any one of claims 42 to
54.

71. Use of the sustained-release composition according to
claim 1 for the manufacture of a prophylactic or
therapeutic agent for prostate cancer, prostatic

hyperplasia, endometriosis, uterine fibroid, uterine
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fibroma, precocious puberty, dysmenorrhea or breast cancer,
or a contraceptive agenﬁ.

72. Use of the sustained-release composition according to
ciahn 1 for the ﬁmnufacture of a prophylactic agent for

premenopausal breast cancer postoperative recurrence.



