1 DESCRI PTI ON METHOD FOR PREPARI NG M CROSPHERE 5 TECHNI CAL FI ELD The
present invention relates to an inproved nethod for prepar gy

m crosphere by an in-water drying nmethod, nore particularl ”WMMQIWHM
invention relates to a nmethod for preparation of mcrosphere from

enul si on wherein an organi c phase cont aihing an 10 organic sol veRt**havi ng a
boiling point lower than that of water and a hardly-water-sol uble polyner

is enmul sified in an agueous phase by an in-water drying net '
conprises using an apparatus equi pped wth a gas separ ationl Mﬂmmmmﬂw
supplying the emul sion to be suly 9 p pvBigr drying to ong_side

sai d gas separation 15 rrenbrane?bg%g;grfgt |P:13 I\(;?fﬁt he organi c sol &M to the

ot her side of said gas separation nmenbrane, by which the organic sol vent
can effectively be renoved, particularly said process being able to be

carried out in a closefpsUiB'PORNPRRPATENISMICROSPERES preparation of
m crosphere on an industrial scale. 20 BACKGROUND ART So-cal l ed "an

in-water drying method" is known as one of the nethods for preparation of
m crosphere, which conprises dispersing an organic phase prepared by

di ss®l vi ng pECaNICAMIELDSOl ubl e polymer in 25 a water-inmm sci bl e organic
sol vent having a boiling point |ower than that of water in an aqueous

phase to prepar e e pid¥ditmvenitiosi felated tndntihepeaedemethodfong t he
organi c solvent (cf., for exanple, JP-B-56-
preparation of microsphere by an in-water drying method, more
particularly, the present invention relates to a method for preparation of
microsphere from an emulsion wherein an organic phase containing an
10 organic solvent having a boiling point lower than that of water and a
hardly-water-soluble polymer is emulsified in an aqueous phase by an
in-water drying method, which comprises using an apparatus equipped
with a gas separation membrane, supplying the emulsion to be
subjected to in-water drying to one side of said gas separation
15 membrane, evaporating off the organic solvent to the other side of said
gas separation membrane, by which the organic solvent can effectively
be removed, particularly said process being able to be carried out in a

closed system, and hence being useful for preparation of microsphere

on an industrial scale.

20
BACKGROUND ART
So-called “an in-water drying method” is known as one of the
methods for preparation of microsphere, which comprises dispersing an
organic phase prepared by dissolving a hardly-water-soluble polymer in
25 a water-immiscible organic solvent having a boiling point lower than

that of water in an aqueous phase to prepare an O/W type emulsion,



19324; JP-A-63-91325; JP-A-8-151321; Kajeev Jain et al., "Controlled Drug
Del ivery by Bi odegradable Poly (Ester) Devices: D fferent Preparative
Approaches", Drug Devel opnment and Industrial pharmacy, 5 vol. 24 (No. 8),
pp. 703-727, 1998; JP-A-60-100516; JP-A-62-201816; JP-A-9-221417; and
JP-A-6-211648). This in-water drying metdod includes a problem of renoval
of the organic solvent in view of environnental pollution. For exanple, it
is known a nethod conprising emulsifying a 10 drug-containing solution of
a polymer in nmethylene chloride in an aqueous phase and then renoving the

organi ¢ sol mugyeﬁiéq%ﬂgg@@hggg@g? Vet (o2 g&?&ﬁﬁn[ﬁlé’oﬂpll@%f ature

for a long perio . -9-221417, " et . according to
this met h0d19éiﬂ§- FPLAMF04 30 'J?ihdS-léléﬂ,eﬁéj‘iéév' Jaihét &1.! “CHhaeRdt he
5 A'regulation for

aqueous phase. prevention of environmental pollution is
i ssued by ﬂfﬁﬂgwe?ﬁ BiddcaratiBle Pyl [Estepnoedicest Differintet hyl ene
chl oride at an~ exhaus ort of  a factory Is regulated | ess than 50 ppm

(cf., "A Homdhpektive A pprRehelys eDphig PewiosaichAnimd 18dustidlyph&hmaepcar bon
Sanitary Sociéety, 1996), and further organic solvents 20 such as net ’hyl ene

chl ogi de, cjdi0paf ongy! ﬁpd_ﬂ’b@ﬂﬁg79&998§$ﬂ"—h—6bem@@l6; Sphstemee 181i63h shal |
be well controlled by the industrial conpanies by "Alawin regard to

noni tor of JPa-9-320h4a1gh agdaPuM6-214648). speci fic chem cal substances
i nto environnent and i nprovenent of control thereof™ published on July 13,

1999 as well as bphignnOwaeer diyingem2bhadinchrdss aiprebleinaf femnctalzd, 2000.
Accordi ngly, when organic solvents such as nethylene chloride 3 are used on
an i ndustritie sxgmc solvérst ineview eflenvironesintial pojlutgimg an
For example, it is known a method comprising emulsifying a
10 drug-containing solution of a polymer in methylene chloride in an
aqueous phase and then removing the organic solvent by stirring the
emulsion as it stands at room temperature for a long period of time (cf.,
JP-A-9-221417, etc.), but according to this method, the methylene
chloride is released in the air through the aqueous phase.
15 A regulation for prevention of environmental pollution is issued
by Kanagawa Prefecture, whereby the concentration of methylene
chloride at an exhaust port of a factory is regulated less than 50 ppm
(cf., “A Handbook for Proper Use of Chlorocarbons” issued by
Chlorocarbon Sanitary Society, 1996), and further organic solvents
20 such as methylene chloride, chloroform are defined as class I chemical
substance which shall be well controlled by the industrial companies by
“A law in regard to monitor of the discharging amount etc. of specific
chemical substances into environment and improvement of control
thereof” published on July 13, 1999 as well as by an Order of the
25 Government issued on March 29, 2000.

Accordingly, when organic solvents such as methylene chloride



apparatus'in a closed systemso that the discharge thereof into outside
shall be well controlled in view of environnental problem NMbreover, where
t he produced m crospheres are used as a 5 nedicanment (particularly,
parenteral utilization such as injection, depots), it is essential to
sterilize in the step of preparation thefeof and it is required to prepare
the m crospheres in a closed systemso as to prevent from contam nation of
m crobes outside. For a nethod for controlling the discharge of organic
solvents, it 10 has been studied to prepare mcrospheres in a closed

system For, . eXaPLe. o4 iBhERTalES 18! ARASR fo tgf’ Bgat%ingré‘?‘ of an

out er aqueous phase and a gaseous p’nase ag we as t rate of circulation

and stirri r%gﬁg%ngﬁ% £810¥8 SYRenP L6 thaPtholdischad HErkBEIn® Gakide

bl own onto ston in order to 1ncrease the Vi ng speed of gas at 15

the surfacepy bgew@leﬁitﬂ%e@i‘n viterli of\eBvadhidéital froBY¥&an, by the nethod of

bl owi ng of gas onto the surtace, surface area of the enulsion to be

contacted wi th tha,gasvers wHeFe!th@ prthicddeffi€rodphdres e 1@ela8 af 0 renove
efficiently the organic solvent for practical use, and further it has very

| ow ﬁf fici enenicdmbAe (paRMahr, paPentaanigilaliveniush dditjedtida) ge anount
of the aqueous phase i's required in order to prevent coagul ation of the

emul si on. TdejSotsf,Mt $s eBsOREahes steiliweoh] tie bl of preparditidn chieteof and
mniaturize the apparatus for the preparation of mcrospheres. On the

ot her hand,itii§ requiredtopprepegedhieomic®spheoty irem Closedrsystemn smastthe
pur pose of disposal of waste water and recovery of vapor of organic

sol vent ( cfprevend frdrhgcoriaemina®im of wiicrold optsidd3, 4 1993), and there
have been found sone nenbranes for separation and

For a method for controlling the discharge of organic solvents, it

10 has been studied to prepare microspheres in a closed system. For
example, a method was proposed where the contact area of an outer
aqueous phase and a gaseous phase as well as the rate of circulation
and stirring speed of an emulsion are controlled and further a gas is
blown onto the emulsion in order to increase the moving speed of gas at

15 the surface of the emulsion (cf., JP-A-9-221418).

However, by the method of blowing of gas onto the surface, the
surface area of the emulsion to be contacted with the gas is limited, and
hence, it is not enough to remove efficiently the organic solvent for
practical use, and further it has very low efficiency of the removal of

20 organic solvent so that a large amount of the aqueous phase is required
in order to prevent coagulation of the emulsion. Thus, this method has
a problem that it is difficult to miniaturize the apparatus for the
preparation of microspheres.

On the other hand, it is also proposed to use a polymer

25 membrane for the purpose of disposal of waste water and recovery of

vapor of organic solvent (cf., Ind. Eng. Chem. Res., vol. 32, p. 533,



recovery of chlorine organic solvents (cf, JP-A-5-15749, JP-A-6-55166,

JP- A-7-284641, JP-A-8-57274, JP-A-9-117642). 5 DI SCLOSURE OF | NVENTI ON The
present invention is to provide an inproved nethod for the industrial
preparation of mcrospheres by a known in-water drying nethod, where the
renoval of the organic solvent, which h#k been a problemin the past, can
be carried out with high efficiency and further 10 can be carried out in a
cl osed system and hence is favorable fromthe environnental viewpoint.
The present inventors have found that in a nethod for preparation of

m cr h | Q- wat ' ' '
ospher egy ) é.lgg.,[dl g}hé/i%e @%Yégfﬁééxgggﬁﬁ%e%éﬁﬁ‘&ne%%k SepArhioh’fnd ed by

using a gas s organi ¢ solvent i s evaporated

Off U NN 0UGNe3BYEr0BFcHRRAALHOMERBIANG (cf! IP-AlES1 570) FON3%6-SE 16610

or gani ¢ sol vent n ctively be carried out. The present invention has

been conpl ejeg _hasgdsqn beges imw74,igpliangs1 176ap).i s, the present invention

is to provide a method for 20 preparation of mcrospheres from an enul sion
wherein an organic phase containing an organic solvent having a boiling
point |lower than that of water and a hardly-water-soluble polyner is

enul i fi ed HIS@DOYREWEF INVBRTIONan i n-water drying method, which
conprises: (1) wusing an apparatus equi pped with a gas separati on nenbrane;

(2) 25 supplying Bheprésait ifvehtiodl id tiepeoriieianimproeed ni thwidefbrt the
in-water drying to one side of said gas separation nenbrane; (3)

evapor at i ngindfidstbial peepattion of ehiceospherdsaby edknowsaind wartet sirping o t he
ot her side of said gas separation nenbrane.
method, where the removal of the organic solvent, which has been a
problem in the past, can be carried out with high efficiency and further
10 can be carried out in a closed system, and hence is favorable from the
environmental viewpoint.

The present inventors have found that in a method for
preparation of microspheres by an in-water drying method, when an
emulsion is treated by using a gas separation membrane and the

15 organic solvent is evaporated off through said gas separation membrane,
the desired removal of the organic solvent can effectively be carried
out. The present invention has been completed based on these new
findings.

That is, the present invention is to provide a method for

20 preparation of microspheres from an emulsion wherein an organic
phase containing an organic solvent having a boiling point lower than
that of water and a hardly-water-soluble polymer is emulsified in an
aqueous phase by an in-water drying method, which comprises: (1)
using an apparatus equipped with a gas separation membrane; (2)

25 supplying a part or whole of the emulsion to be subjected to in-water

drying to one side of said gas separation membrane; (3) evaporating off



According:'to the nethod of the present invention, since the mcrospheres
can be prepared in a closed systemby an in-water drying 5 nethod, it is
advant ageously applied to preparation of m crospheres, for exanple, of

medi canments, particularly parenteral preparations such as injection
preparations, depots, which are essentiably required to be prepared
substantially under an aseptic condition. Besides, since it can be done in
a closed system there is no problemof releasing of the 10 organi c sol vent
toward outside, and hence, it is advantageous in that there is no problem

of envi r onrgjy d&l&at%% lsBHe‘?ﬁ cﬁﬁ%ﬂ? V€n shilfe Y(?Ill t8fthghﬁ¥18{‘ e 6f salgent

can be carrie I Cl ency | n e neth t he present

i nvention crospheres can be produced within a very
e o

short peri I's al so advantageous in that undesirable |eak

of the medi Camrﬁc&ﬁﬂ%ﬁ%@?@hér}néﬁ%&wﬁ% rewlﬂ\;&ﬁldrheslaeeqaes phase is

effectively prevente urther that undésirable coagul’ation of

m cr ospher %1&%@%@&9@ eHh-bé Prégiaiidd Ba A6SEH diy8@rh byt AR iREWARESH @fyihge

present inventio 20 the renoval of organic solvent can be done with a

smal4 andunthedhod atUS GidvaRitagéou gcb;b;ﬂﬁeaa to ?repérdt%ﬁ idBlreicresphered, Yor ze
t he appar at us, whi ch can easi | y operated in a closed system and

t hereby t heexarxﬁples tofnpedidarténts, ipigtiellafly wifehses prebaeations aushohsem f or
i ndustrialization of the nethod, can advantageously be m nimzed. 25
Mor eover, h@edtﬁiﬂn@depéraﬂimmr@qmﬁs whiehtdreressentizdlyt feguived yo ber oceed by
circul ati ng the liquid after evaporating off the organic 6 solvent into the
emul si on, ameeparsdesubistantiailyoandér theaseptseoconditiorent Besides, paned rtul ar | y
useful for the preparation of mcrospheres on

can be done in a closed system, there is no problem of releasing of the

10 organic solvent toward outside, and hence, it is advantageous in that
there is no problem of environmental pollution.

Moreover, the removal of the organic solvent can be carried out
with high efficiency in the method of the present invention so that the
desired microspheres can be produced within a very short period of

15 time. It is also advantageous in that undesirable leak of the
medicament contained in the organic phase into the aqueous phase is
effectively prevented and further that undesirable coagulation of
microspheres hardly occur.

In addition, according to the method of the present invention,

20 the removal of organic solvent can be done with a small amount of
aqueous phase, and hence, it is possible to miniaturize the apparatus,
which can easily be operated in a closed system, and thereby the
resistance in stirring of the emulsion, which is a problem for
industrialization of the method, can advantageously be minimized.

25 Moreover, the method of the present invention can continuously

proceed by circulating the liquid after evaporating off the organic



an imdustrial scale. 5 BRIEF DESCRI PTION OF DRAWNGS Fig. 1 is a schematic
diagram of a circular type of apparatus for producing mcrospheres. Fig. 2
is a schematic diagramof an imersing type of apparatus for producing

m crospheres. 10 Fig. 3 is a schematic diagramof a circular type of
apparatus for producing microspheres prvided with emul sifying function.
Fig. 4 is a schematic diagram of an imrersing type of apparatus for
produci ng m crospheres provided with enulsifying function. Fig. 5is a
schemati c di agram of an inmersing type of apparatus 15 for producing

i or ospher eg Ao WACLENSRh, SO RILLL N BIBRGR'YY the pRidbn® (s @ araph

show ng the etween € passing rate o en gas and the

rate of renpyal,ioh ﬂﬁazll%icﬁﬂﬁﬁl&ghg%m? ZOI;L&I &é?%gﬁbé’ﬁ%‘i&ﬁ 1?9 {%%)?Sﬁﬁﬁe%‘)@ﬁ at us

for producing mcrospheres. W ng change wth tinme

of the 20 a&gm&hg{&& apunt of taltirelin dissolving out fromthe
m crospheres at 3/C. Fig. 8 is a graph showi ng the change with tine in the

anount of |euprorelin acetate remained in the mcrospheres at.37C
[ Expl anation of synmbols] 25 al - a5: A closed vessel b', b3: A hollow fiber

nmenbg ane NOEPRIEF DESERIPTHONOF BRAWINGS cal hol I ow fiber nenbrane nodul e

c', ¢3: Acirculating punp
Fig. 1 is a schematic diagram of a circular type of apparatus for

producing microspheres.
Fig. 2 is a schematic diagram of an immersing type of apparatus
for producing microspheres.
10 Fig. 3 is a schematic diagram of a circular type of apparatus for
producing microspheres provided with emulsifying function.
Fig. 4 is a schematic diagram of an immersing type of apparatus
for producing microspheres provided with emulsifying function.
Fig. 5 is a schematic diagram of an immersing type of apparatus
15 for producing microspheres with a function of controlling temperature.
Fig. 6 is a graph showing the correlation between the passing
rate of nitrogen gas and the rate of removal of methylene chloride in an
immersing type of apparatus for producing microspheres.
Fig. 7 is a graph showing the change with time of the
20 accumulated amount of taltirelin dissolving out from the microspheres
at 37°C.
Fig. 8 is a graph showing the change with time in the amount of
leuprorelin acetate remained in the microspheres at 37°C.
[Explanation of symbols]
25 a! - a% A closed vessel

b!, b3 A hollow fiber membrane module



d, d3, db: A stirring blade d2, d4: A magnetic stirring piece el, e3: A
filter f', f3: A ventilation (suction) hole f2, fl, fl: A pathway for
passing a gas g', g3: Acirculation pathway h2, h4: A magnetic stirrer 10
i3, i4: A honopgenizer j5: A jacket for controlling tenperature BEST MODE
FOR CARRYI NG OUT THE | NVENTI ON The erul sfon to be applied to the method for
preparation of 15 m crospheres of the present invention is an O Wtype
enul si on where an organi ¢ phase containing an organi c solvent having a
boiling point |ower than that of water and a hardl y-water-sol ubl e pol yner

is enulsified | rbza'%“aﬂ‘!e%%ygﬁ?i?gcaéq{}ﬁldWﬁ%e}%e%%?igﬁ???%\?@ contains a

medi canent, an inagi ng nmater ., plgnents, cf., JP-A 20
62- 95366, JP- A- 622294838 cirlRi14xifi: , there can be obtained
m crospheres contai ning those rratge ial's. The above "enul sion" can be
prepared by vari Qus geogveniisifiging BRidwods depending on the kinds of the
organi ¢ phase, including the fol% ow ng ones. 25 (a) An organic phase
wherein a medi cargenig; eCmaghetic! Stetring pié&sol ved or dispersed in a
solution of a hardly-water soluble polyner, 8 which gives an O Wtype
emulsi on when di sfieesedaifiiter an aqueous phase (cf., JP-B-56-19324,
JP- A-63-91325, JP-A-6-32732, JP-A-8-

f!, 3. A ventilation (suction) hole

2, f*, 2. A pathway for passing a gas

g', g% A circulation pathway

h?, h*: A magnetic stirrer

10 i3, i*: A homogenizer

j*: A jacket for controlling temperature

BEST MODE FOR CARRYING OUT THE INVENTION
The emulsion to be applied to the method for preparation of
15 microspheres of the present invention is an O/W type emulsion where
an organic phase containing an organic solvent having a boiling point
lower than that of water and a hardly-water-soluble polymer is
emulsified in an aqueous phase, and when the organic phase contains a
medicament, an imaging material (e.g., pigments, colorants) (cf., JP-A-
20 62-95366, JP-A-62-254833, JP-A-6-118636), there can be obtained
microspheres containing those materials.

The above “emulsion” can be prepared by various conventional
methods depending on the kinds of the organic phase, including the
following ones.

25 (a) An organic phase wherein a medicament, etc. is directly

dissolved or dispersed in a solution of a hardly-water soluble polymer,



151321, the above-nentioned literature by Jain et al., etc.) (b) An organic
phase of a WO type emul sion wherein an 5 aqueous sol ution of a nedi canent,
etc. is dispersed in a solution of a hardly-water soluble polyner, which
gives a (W/ O [/ Wtype enulsion when dispersed into an aqueous phase
(cf., JP-A-60-100516, JP-A-62- 201816, JP-A-9-221417, the above-mentioned

Iiterature by Jain et al. etc.) 10 (c) An organic phase of an 0/0 type
enul si on using two or more ki nds of har dl y- wat er - sol ubl e pol ynmers wherein
a nedi canent, etc. is dissolved or dispersed in a solution of one

har dl y- wat %]I'l?é_ﬂ gg{egr @%/{J\gﬁé/ V\%}hﬁliblﬁﬁl thﬁrhlkéggéc?;ﬁ%t% & u@:oﬁ%l ution of

anot her hardly whi ¢ type emul si on

when 15 di speseetl, flf}QB’ﬂ%aﬂ%QuSJPbR (laas b A6 2é¢§é8bPTResﬂr9am c

sol vent havi ng I'i ng poi nt | dwer an that of water a5 used in the

above net hofls) @9'H@@éba%gﬂeﬁabﬁédqnbp@aiﬂe%y U&ﬁﬁ%@%’lb@ﬂc?m vents (e.g.,

nmet hyl ene chl ori de chloroform carbon tetrachloride, chl oroethane,

di chl or oet hane, Chs!rpb %Y}Shaﬁ 6f 1 W& typeOnaflsibredttRreiPhuent s (e. g.,

met hyl acet at e, ace etc.), aronatlc hydr ocar bon sol vents (e.g.,
benzgne), aéq@étﬂis §onu%ro@ahb1%d$@dmeﬁt Setc( ¢s dispersb@Xane solutiemiofrze,
cycl ohexane, etc.), ketone solvents (e.g. nmet hyl et hyl ketone, etc.),

et her sol vemdsdlfavgter sblably poBiher, wHidls gtwreemy (W/@)liw typeehyhlsicobut yl
ether, methyl tert-butyl ether, tetrahydrofuran, 25 etc.). These organic

sol vent s havhenrdikpe sdddyiretoban Ialqm@oml pihasd (5 JB-A660-100816F URRAtGRt of

wat er under the condition of renoval of the organic solvents, and

parti cul ar |30 b8 &6 I PeAl-BRRAHI 17, shievadmive-arentioned literature by Jain et al.,
etc.)

10 (c) An organic phase of an O/O type emulsion using two or
more kinds of hardly-water-soluble polymers wherein a medicament, etc.
is dissolved or dispersed in a solution of one hardly-water soluble
polymer, which solution is dispersed in a solution of another hardly-
water-soluble polymer, which gives an (O/0)/W type emulsion when

15 dispersed into an aqueous phase (cf., JP-A-6-211648)

The organic solvent having a boiling point lower than that of
water as used in the above methods includes halogenated aliphatic
hydrocarbon solvents (e.g., methylene chloride, chloroform, carbon
tetrachloride, chloroethane, dichloroethane, trichloroethane, etc.), fatty

20 acid ester solvents (e.g., methyl acetate, ethyl acetate, etc.), aromatic
hydrocarbon solvents (e.g., benzene), aliphatic hydrocarbon solvents
(e.g., n-hexane, n-pentane, cyclohexane, etc.), ketone solvents (e.g.,
methyl ethyl ketone, etc.), ether solvents (e.g., diethyl ether, diisopropyl
ether, methyl isobutyl ether, methyl tert-butyl ether, tetrahydrofuran,

25 etc.).

These organic solvents have preferably a boiling point of 15 -



met hyl ene:chl oride, chloroform and ethyl acetate. The hardly-water-sol uble
pol ymer used in the present nethod 5 includes various kinds of

har dl y- wat er - sol ubl e pol ynmers, but when the mcrospheres to be prepared
are for the purpose of a nedicinal use, it is preferably a biodegradable
pol ymer. The bi odegradabl e pol ymer incl fles a pol yester of a hydroxyfatty
acid and derivatives thereof (e.g., polylactic acid, polyglycolic acid, 10
polycitric acid, polymalic acid, poly-(3-hydroxybutyric acid, c-capro-

| actone ring opening polynmer, lactic acid-glycolic acid copol yner, 2-

hydr oxybut yx | -%E | ' yiacti '
polyethyleﬁggﬁiggyg% %ﬁ&h@?P?%%ﬁﬁgg@%%%ﬁ%ﬁ%%@%é%%ﬁbé{ﬁ?ﬁékgg?gg%
copol yrer, I pol y(but yl
152 LyanodSESTs ePRB Rhd Parknily pRTet A MRRHIC Ve R e PO T Ul Ene
oxal at e, pqp&iﬁleﬁe%mxﬁa@ecﬁ ofésin, Bhe dthyR aRglartho ester, a
pol ycar bonat'e (%.’g.”, pol yet hyl ene caf bonat e, pol yet hyl enepr opyl ene
carbonate, etc.) i RAFIR-{Ae L3RRSIy A ¥R IMNeha Prdséht thethdal V- Y- L-
al ani ne, poly-y-benzyl-L-glutamc acid, poly-y-nmethyl-L-glutamc acid, 20
etc.g, a hyakHi@ ¢afeld 168d]T of H@Hil%/f\ﬁaidrkﬁ)lu@ﬂ@ polfmerts,Bhewiier tiase
polymers can be used. Anbng these polyners, particularly preferred ones are
pol yest er s m@drodyfiepsy tebeVprpated areifob tha\fubseVsl atedielredulse, ives ght
of 2,000 to about 800,000, nore preferably 2,000 to about 200, 000. 25
Among the aheferabl ¥ebilegradlabledpelyiét.ty acids, nore preferable ones are
polylactic acid, lactic acid-glycolic acid copolyner, 10 2-hydroxybutyric
aci d-gl ycol aci d Tiepbiodegradabie pabirher atclddglsyx pblyestecofladnpiogytatthas
preferably a nolar ratio of lactic acid/glycolic acid

acid and derivatives thereof (e.g., polylactic acid, polyglycolic acid,

10 polycitric acid, polymalic acid, poly-p-hydroxybutyric acid, g-capro-
lactone ring opening polymer, lactic acid-glycolic acid copolymer, 2-
hydroxybutyric acid-glycolic acid copolymer, polylactic acid-
polyethyleneglycol copolymer, polyglycolic acid-polyethyleneglycol
copolymer, etc.), a polymer of an alkyl g-cyanoacrylate (e.g., poly(butyl

15 2-cyanoacrylate), etc.), a polyalkylene oxalate (e.g., polytrimethylene
oxalate, polytetramethylene oxalate, etc.), a polyortho ester, a
polycarbonate (e.g., polyethylene carbonate, polyethylenepropylene
carbonate, etc.), a polyortho-carbonate, a polyamino acid (e.g., poly-y-L-
alanine, poly-y-benzyl-L-glutamic acid, poly-y-methyl-L-glutamic acid,

20 etc.), a hyaluronic acid ester, and the like, and one or more of these
polymers can be used.

Among these polymers, particularly preferred ones are polyesters
of hydroxyfatty acids, which have an average molecular weight of 2,000
to about 800,000, more preferably 2,000 to about 200,000.
25 Among the above polyesters of hydroxyfatty acids, more

preferable ones are polylactic acid, lactic acid-glycolic acid copolymer,



in the range of 90/ 10 to 30/70, nore preferably 80/20 to 40/60, and the
2- hydroxybutyric acid-glycolic acid copol ynmer has preferably a 5 nol ar
rati o of 2-hydroxybutyric acid/glycolic acid in the range of 90/ 10 to
30/ 70, nore preferably 80 / 20 to 40/60. The above hardl y-water-sol ubl e

pol yner is dissolved in an organic sol¥fnt in a concentration in the
organi c phase of 0.01 to 90 % by weight, preferably 0.1 to 70 % by wei ght.
10 The O Wtype enulsion to be used in the in-water drying nethod of the
present invention can be prepared by mxing a solution of the above

har dl y- v of iRl GuRAlY FBla gl @ RIABPEIIALY NTHE ARctO BRI RIRSE) wi th

wat er (an aqu yiI'ng the mxture. The preparation

may be car ra{cht& rﬁoé%e@%é‘ﬁréf@?a&&%m&a}5aﬁ'6_3§telaEﬂctahﬁd?§1t§'§6H§ digse at

one time an _ sifyihg the “resulting mxture, or a rnatively by
addi ng t he jor @ant4n @890y 2030 30RTH, Riirel PreféfaBIY BHRE 8640768 &and

emul sifying the mxiure, and further adding the remaini ng agueous phase to

the resul tithe 2RYdrogPbuliitc Ay gipeBlicatid cgpdlyatadhas praferabsi Ay be
carried out by a 20 conventional nethod, for exanple, by mxing the

or gagi ¢ phagelantatidef 2aHydeowynigsic acidy ghtdalici axgidhbin ths range bhOGi 10
emul si fying apparatus such as a propeller stirrer, a turbine inpeller
m xer, a hi@h3@)EOstiicre mrefik2itly 80/ 2 taAO/&Ooni ¢ di spersion m xer, a
static mxer, etc. Besides, the enulsification may al so be done by ot her
met hods such as @TRéalendiardlpmidterisplublenpolymer & dimsalsedyinrahhod. The

emul sification by a nenbrane enul sifying nethod may be 11 carried out by
provi di ng aonganic solemiriane coacgnirapimnirs thevagani phase lof Oud1 2090 56
optionally chem cally nodified, porous glass, etc.)
by weight, preferably 0.1 to 70 % by weight.
10 The O/W type emulsion to be used in the in-water drying
method of the present invention can be prepared by mixing a solution of
the above hardly-water-soluble polymer in an organic solvent (an
organic phase) with water (an aqueous phase) and then emulsifying the
mixture. The preparation may be carried out by adding the organic
15 phase to the aqueous phase at one time and then emulsifying the
resulting mixture, or alternatively by adding the organic phase to a
small portion of the aqueous phase, emulsifying the mixture, and
further adding the remaining aqueous phase to the resulting emulsion.
The above emulsifying procedure can easily be carried out by a
20 conventional method, for example, by mixing the organic phase and the
aqueous phase with stirring by using a known emulsifying apparatus
such as a propeller stirrer, a turbine impeller mixer, a high-pressure
emulsifier, an ultrasonic dispersion mixer, a static mixer, etc.  Besides,
the emulsification may also be done by other methods such as a

25 membrane emulsifying method, a spraying method.

The emulsification by a membrane emulsifying method may be




bet ween the organi c phase and the aqueous phase, extruding the organic
phase into the aqueous phase through fine holes of the porous 5 nenbrane by
giving a pressure to the polyner solution, if necessary wth stirring the
aqueous phase, for exanple, by a nmethod as disclosed in Journal of

M croencapsul ation, vol. 11 (2), pp. 1711178, 1994. Besides, the

emul sification by a spraying nethod may be carried out by spraying the
organi ¢ phase onto the aqueous phase with a 10 conventional spraying
apparatus. In this nethod, if necessary, the aqueous phase may be stirred.

The sprayi ng 2P6EE B '%QF%W&Z&\ ng)%us RieMbraned@.2l poh@ds cBramids essure

i
nozzl e, an ultrasonic nozz tary atom zer, etc. The emul sion thus

pr epar ed Cqpﬁ?dmé‘,um%eqsQgﬁi&nem}aéﬁeﬁﬁéammmmeagwyﬁs as$, evagrei n the
aqueous phase is Iinthe ratio off 1 to 10,000 parts by volune, preferably 2

to 1,000 paidiveen tH Yfganie§hdsdPanhl th adi9ési® phlaskhexaigingchehase. In
the preparation of the above emul sion, an enmulsifier nay optionally be

added to thaeanicphaseiase the ddusd phasébhrough e Bolesnat theoporoule
enul sifier includes, for exanple, an anionic surfactant (e.g., sodium

ol eage, sodmemmlsiery BY givinipta Fmémtreyt@uhé polymert so)utien, ifarscessary
surfactant (e.g., polyoxyethylene sorbitan fatty acid esters (e.g., Tween
80, Tween 6GRjithretitring theedpisouN phas€hfemiexalnspley by 4 tmethod psidistlogedne
castor oil derivatives (e.g., HCO 60, HCO 50, 25 manufactured by N kko
Cheni cal s Ga. Joutmhl) of Mitnoencapbsulativn desle,11 ()] ppi AYI1-4V8pA8P4.
car boxynet hyl cellul ose, nethyl cellulose, lecithin, 12 gelatin, etc.). The
ermul sifier is adddesitdest the ebnvisifamioubyphapeayingamethod may be carrie
out by spraying the organic phase onto the aqueous phase with a
10 conventional spraying apparatus. In this method, if necessary, the
aqueous phase may be stirred. The spraying apparatus includes, for
example, an air nozzle, a pressure nozzle, an ultrasonic nozzle, a rotary
atomizer, etc.
The emulsion thus prepared contains the organic phase and the
15 aqueous phase wherein the aqueous phase is in the ratio of 1 to 10,000
parts by volume, preferably 2 to 1,000 parts by volume, per 1 part by
volume of the organic phase.
In the preparation of the above emulsion, an emulsifier may
optionally be added to the aqueous phase in order to stabilize the
20 emulsion. The emulsifier includes, for example, an anionic surfactant
(e.g., sodium oleate, sodium stearate, sodium laurylsulfate. etc.), a
nonionic surfactant (e.g., polyoxyethylene sorbitan fatty acid esters (e.g.,
Tween 80, Tween 60, manufactured by Nikko Chemicals Co., Ltd.),
polyethylene castor oil derivatives (e.g., HCO-60, HCO-50,
25 manufactured by Nikko Chemicals Co., Ltd.), polyvinylpyrrolidone,

polyvinyl alcohol, carboxymethyl cellulose, methyl cellulose, lecithin,




amoumt of *0.001 to 20 % by weight, preferably 0.01 to 10 % by wei ght. \When
the organic phase in the enul sion contains a nedicanent 5 or an inmagi ng
material (e.g., pignments, colorants, etc.), etc., there can be obtained

m crospheres containing such a nedi canent, etc. These nedicanments etc. nmay
be added in an anmount of 0.01 to 60 % by2weight, preferably 0.1 to 40 % by
wei ght, nore preferably 1 to 30 % by weight, based on the weight of the
har dl y-wat er - sol ubl e pol ynmer. 10 Besides, for preparing m crospheres

contai ning a nedi canent, etc., those nedicanment, etc. may previously be
pul veri zed 'la@ﬁdgg La I nproving the rate of uptake thereof into the
n1crospheré% vary depending on the kinds of the polymer and the

sol vent to be useflye ﬂﬁgmd\é}r BURled 195He WIS bhaSk tn 7 M 2 21 ¢

and hence the 15 rate upt ake Into the mcroSpheres 1s |ow, they

f t
1121 o081 0 o5 PRcign et Al T g et

firzation“of the above nedi carrents

etc. may optionalypel bﬁ'recé‘f drfie Lﬁwsebm fh& BRYERIPBBh (iMlsVe Fhddichatertet hod,
that is, may 20 physica rized wwth jet-mll, hamrer mll, rotary

bal I 5m I, oﬁ’éﬁﬁﬁ{dﬁiﬁgﬁﬁb{eﬁi‘&ﬂ %bﬁi’giﬁeﬁté | colshakey, et ) etd. otheteldan t ube
mll, etc., or pul verization under a high pressure, or

al ter nat i vepy obbdine@rﬂﬁé@sbtﬂés eBntdiding sl & mbdiodinsewt,\stog fTheset he
medi canent, etc. in a solvent, precipitating them by neans of regul ating

the pH changilferhbat8td. &ﬁﬁ?ﬂﬁ added damoaendEndbf 000 Veots0 Yeby. weightf hen
recovering themby centrifugation or filtration. 13 The nedi canents to be

applied to pleferitig @l torv@ns ibynweighty teorevpréfersblyi hiis 36 Ybylivesighny s,
such as antitunor agents,
based on the weight of the hardly-water-soluble polymer.

10 Besides, for preparing microspheres containing a medicament,
etc., those medicament, etc. may previously be pulverized in order to
improving the rate of uptake thereof into the microspheres, which may
vary depending on the kinds of the polymer and the solvent to be used,
etc. Moreover, when the medicament, etc. form a salt and hence the

15 rate of uptake thereof into the microspheres is low, they may first be
converted into a free form and then be subjected to the preparation of
microspheres.

The pulverization of the above medicaments, etc. may optionally
be carried out by a conventional pulverization method, that is, may

20 physically be pulverized with jet-mill, hammer mill, rotary ball-mill,
vibratory ball-mill, beads mill, shaker mill, rod mill, tube mill, etc., or
by wet pulverization under a high pressure, or alternatively, by
crystallization, for example, by dissolving first the medicament, etc. in a
solvent, precipitating them by means of regulating the pH, changing the

25 temperature, components of solvents, etc. and then recovering them by

centrifugation or filtration.




physiol ogtcal |y active peptides, antibiotics, antipyretics, anal gesics,
antiinflammtories, antitussives, expectorants, sedatives, nuscle 5

rel axants, antiepileptics, antiulcers, antidepressants, antiallergic
agents, cardiotonics, antiarrythm c agents, vasodilators, antihypertensive
diuretics, antidiabetics, antihyperlipid8nc agents, anticoagul ants,
henost ati cs, antitubercul ar agents, hornones, antinarcotic agents, bone
resorption inhibitors, pronoters of osteogenesis, antiangiogenetics, 10
antienetics, vitamns, etc. Specific exanples of these nmedicanents are

[i'sted bel ow ANti IR 4i30RNYs thaxP hppRba U He prdRHRGhGE1AbA indfidgomycCi N

D, mtonycin C I'ne sulfate, ncristin at e, daunorubi cin,

adri amycin, ol ' [ rabi | ouracil, 15

][ et rahydr of‘{jﬂ{r}g‘?&ﬁi‘?‘i‘@%?’ﬁ‘?é@"ﬁw‘f{?@é?ﬁﬁﬁ %éﬁg@%ﬁfcr %%én&t&lrsﬁan, t anmoxi f en,
evami sol e, }Ffﬁb iCally?ak tflesC Wntislils, SheiplRétids, Ladlgepicalin, etc.

Physi ol ogi c% y g{%l%fpegﬁég%g ﬂileﬁé& i p,l slo?rht os?gti r11 ’sandgst atin, grow h

hor mone, — pr gl @A ndlof{ERC AkiteRbives OBk Be OV HRES sdddeids, middle

derivatives, melanocyte stinulating hormone (MSH), 20 thyrotrophin

rel egsi ng heiaeaets( BRtle D tidsS a‘i’ﬁful)éé\ié,,\@ﬁi(ﬂ@@ssah@é,témiﬁhl'lé\r%ic elgents,

thyroid stimulating hornone (TéH), | ut ei ni zi ng hornone (LH), ut el ni zi ng

hor none r el @agliG@bies,@igatiyitRhlicapents svasodiletory eantibygertenistuepr or el i n

acetate, etc.), follicle stimulating hornone (FSH), vasopressin,

desnopr essi diuretivs 08htidigiedtics, aititihyserdgidemic agensshymiicoagalamismone

(PTH), glucagons, gastrin, secretin, pancreozymn, cholecystokinin,

angi ot ensi NpefiodBaties, atetitidbericatinggents) hamndde s hattinateotipagents;, opi n

(HCG, enkephalin, enkephalin derivatives, endorphin, kyotorphin,

i nt er f er onsbéme gesorPtion (Bhibitors, promatersidfostewigenssis, antiangiogenetics,

10 antiemetics, vitamins, etc.  Specific examples of these medicaments
are listed below.

Antitumor agents: taxol, bleomycin, methotrexate, actinomycin
D, mitomycin C, vinblastine sulfate, vincristine sulfate, daunorubicin,
adriamycin, neocercinostatin, cytosine arabinoside, fluorouracil,

15 tetrahydrofuryl-5-fluorouracil, krestin, picibanil, lentinan, tamoxifen,
levamisole, bestatin, azimexon, glycyrrhizin, cisplatin, carboplatin, etc.

Physiologically active peptides: insulin, somatostatin,
sandostatin, growth hormone, prolactin, adrenocortical tropic hormone
(ACTH), ACTH derivatives, melanocyte stimulating hormone (MSH),

20 thyrotrophin releasing hormone (TRH) and its derivatives (e.g., taltirelin,
etc.), thyroid stimulating hormone (TSH), luteinizing hormone (LH),
luteinizing hormone releasing hormone (LHRH) and its derivatives (e.g.,
leuprorelin acetate, etc.), follicle stimulating hormone (FSH),
vasopressin, desmopressin, oxytocin, calcitonin, elcatonin, parathyroid

25 hormone (PTH), glucagons, gastrin, secretin, pancreozymin,

cholecystokinin, angiotensin, human placental lactogen, human



(e.g:, 1,2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, etc.), taftsin, thynopoietin,
thynmosin, thynostimulin, thymc hunoral factor (THF), serumthymc 5 factor
(FTS) and its derivatives, and other thym c factors, tunor necrosis factor
(TNF), colony stinmulating factors (e.g., CSF, GCSF, GWVCSF, MCSF, etc.),
notilin, dinorphin, bonbesin, neur ot ensild, cerul ein, br adyki ni n,

ur oki nase, asparagi nase, kallikrein, substance P, insulin-like growh
factor (IG~-1, IG--11), nerve growmh factor (NG, cell 10 growth factors
(e.9., EGF, TGF-a, TG~ (3, PDGF, FGF hydrochloride, basic FG-, etc.), bone

nor phogenet | | : ' : . -4, CNTF,
con,  pone, HyrEbtehadilEepil HICR; eRRLRhalis ChtSaLS defadvet

chl ori de, AP 151, hei(didN, - ILragd n.i ietin

(EPO, iy %L%“F"g*ﬂ_ i _elg: Ryoffgiith, fhedldBhe €l o 088\ B8 e RRe i
anendonycid, \Y; i, r i R, ' n ;adi igbiet§hSom ci n,

tetracycl i n(g'%iylc]if g—’ %g)#ﬁosrq’i%ef’og’xg{rgtgf gé&?lml’ﬁér)fyfﬁfgégﬁf (Igl???gpbleﬁh’

rolitetracy 'rﬂ&f]i denyMEEtiMalin) XAy AGR Rlimdeal fIBIbE (THFY, sdtupRrthghtici n,
ticarcillin, “cephalothin cephal ori di ne, cefotiam cefsul odin,

cef i genoxi N ct&efFmE)Nar@i dadvaties, dnd othéf BhpidEactoes opahazone,
ceftizoxi ne, noxolactam thienanycin, sulfazecin, azthreonam etc.

Anti pyreti csecrald SR30E $THR)] ctlbhy istithalating factegeié.g., OSAWGESFsal i cylic
acid, salicylic acid, sulpyrine, tlufenam c acid, diclofenac,

i ndonet haci GMOSFPMOSF, pad.))irdotitinh)dinoephier, isembesimpmphamtensiart rate, 25
oxynor phone, etc. Antitussives and expectorants: ephedrine hydrochloride,

15 et hyl epteati¢inge BradyRihing nirdkinases cgparagiyase didlbkreia, stiséanee P,
phosphat e, di hydrocodei ne phosphate, all oclam de hydrochl ori de,
insulin-like growth factor (IGF-1, IGF-II), nerve growth factor (NGF), cell

10 growth factors (e.g., EGF, TGF-q, TGF-B, PDGF, FGF hydrochloride,
basic FGF, etc.), bone morphogenetic protein (BMP), neurotrophic
factors (e.g., NT-3, NT-4, CNTF, GDNF, BDNF, etc.), blood coagulation
factors VIII and IX, lysozyme chloride, polymixin B, colistin, gramicidin,
bacitracin, erythropoietin (EPO), thrombopoietin (TPO), etc.

15 Antibiotics: gentamycin, dibekacin, kanendomycin, lividomycin,
tobramycin, amikacin, fradiomycin, sisomicin, tetracycline hydro-
chloride, oxytetracycline hydrochloride, rolitetracycline, doxycycline
hydrochloride, ampicillin, piperacillin, ticarcillin, cephalothin,
cephaloridine, cefotiam, cefsulodin, cefmenoxime, cefmethazole,

20 cefazolin, cefotaxime, cefoperazone, ceftizoxime, moxolactam,
thienamycin, sulfazecin, azthreonam, etc.

Antipyretics, analgesics and anti-inflammatory agents: 5-amino-
salicylic acid, salicylic acid, sulpyrine, flufenamic acid, diclofenac,
indomethacin, morphine, pethidine hydrochloride, levorphanol tartrate,

25 oxymorphone, etc.

Antitussives and expectorants: ephedrine hydrochloride,



chl ophedi anol hydrochl ori de, picoperidam ne hydrochl ori de, cloperastine,
pr ot okyrol hydrochl oride, isoproterenol hydrochloride, 5 salbutanol
sulfate, terbutaline sulfate, etc. Sedatives: chlorpronazine,

prochl orperazine, trifluoperazine, atropine sulfate, nethyscopol am ne
bromi de, etc. Muscle relaxants: pridinollSnet hanesul fonate, tubocurarine
chl ori de, pancuronium brom de, etc. 10 Antiepileptics: phenytoin,

et hosuxi m de, sodi um acet azol am de, chl ordi azepoxi de, etc. Antiul cers:
met ocl opram de, histidine hydrochloride, enprostil, etc. Antidepressants:

I m pram ne, ' ' Oy | f : .

Aot al o pELSPLBLRRLE hpBM IR noscapRIE IR IRGHIC Tleie T e

nmal eate, tr ' L Ok | di i a2l horiyde, cl em zol
v ochi or {HRSEAE, B plfoopato Ml Sabade HitRieRIoRuge. <l em 2o
hydr ochl origfopRkRiartd Bd iGN Ridrhir Rgar¢orideneophyl ol ,

. € Spidope?
am nophyl line,” et ﬁef rine hydrochl gri gg, denopani ne, etc. Ant | -arrythm a

agents: prohaBRistine, PrIERAFA hydvecaloriae, isopruturens! tlydrechidiridele, etc.
Vasodi | at ors: ™ oxyfedrine hydrochl oride, diltiazem hydrochl oride, 25

t ol agol i ne dnighesmod sulfate NRYBRRANHBSUIRABEERAN sul fate, etc.

Anti hypertensive diuretics: hexanethonium bronide, pentrilium 16
necanyl ani ne hydr@edutivdsiehlegmoadaziae) pocklorperaidne ctriffidporazinec.

Anti di abetics: glymdine sodium glypizide, phenformn hydro-
atropine sulfate, methyscopolamine bromide, etc.

Muscle relaxants: pridinol methanesulfonate, tubocurarine
chloride, pancuronium bromide, etc.

10 Antiepileptics: phenytoin, ethosuximide, sodium acetazolamide,
chlordiazepoxide, etc.

Antiulcers: metoclopramide, histidine hydrochloride, enprostil,
etc.

Antidepressants: imipramine, clomipramine, noxiptiline,

15 phenelzine sulfate, etc.

Antiallergic agents: diphenhydramine hydrochloride,
chlorpheniramine maleate, tripelenamine hydrochloride, methdilazine
hydrochloride, clemizol hydrochloride, diphenylpyraline hydrochloride,
methoxyphenamine hydrochloride, etc.

20 Cardiotonics: trans-r-oxocamphor, theophylol, aminophylline,
etilefrine hydrochloride, denopamine, etc.

Anti-arrythmia agents: propranolol, alprenolol, bufetorol,
oxyprenolol, azimilide, etc.

Vasodilators: oxyfedrine hydrochloride, diltiazem hydrochloride,

25 tolazoline hydrochloride, hexobendine, bamethan sulfate, etc.

Antihypertensive diuretics: hexamethonium bromide, pentrilium,



chl oride, +buform n hydrochloride, netformn, etc. Anti-hyperlipidemc
agents: pravastatin sodium sinvastatin, 5 clinofibrate, clofibrate,
sinfibrate, bezafibrate, etc. Anticoagulants: heparin sodium etc.
Henostatics: thronboplastin, thronbin, nenadione sodium bisulfate,
acet omenapht hone, c-ani nocaproic acid, #fanexanmi c acid, carbazochrone
sodi um sul f onat e, adrenochrone nnnoanlnoguanldlne 10 nethanesulfonate,
etc. Anti-tubercular agents: isoniazide, ethanbutol, p-am nosalicylic
acid, etc. Hornones: prednisolone, prednisolone sodi um phosphate,

dexarmet has%@c%‘?&ﬂéﬁ?ﬁﬂ¥‘i’f VtBEAId e, &%ﬁf Orph}énmﬁaﬁrd% clohidghdi &gzol e,

estrone, etc. I narcotrrc agents: | eva tart rate nal or phl ne

hydrochl ori de, nqﬁl ARl gg}hmlh@esocﬁh&l Qggﬁma@s heﬁfdwmlrﬁhyaféms

i priflavone, etc. ormt ers ost eogenesi s: pepti des such as BWP, PTH,
TG 20 'G:ﬂlorlﬁkcbuﬁ\ﬁ@fmﬁ?giyﬂgsﬁfdrﬁfe MeHoPARASELS Suppressing steroids,

fumagi I lin umagi | derivatives, etc. Antienetics: 5-hydroxytryptam ne

type 3 receptor oy éﬂl?ld&ﬁ?@agén%‘%%ﬁgféﬁh%d‘iuﬁplsiﬁi\fa%ﬂatlﬁt C.
neurokinin 1 receptor tagoni s etc. Vitamns: vitamn A, R car otene

vi tagn n Bl,clMidffsPalte Bllofibiratd, Simkibrat€ ObéAdiBrége, &R0t ot henic acid, cal cium
pant ot henate, vitam n B61 vitamn B1Z2, folic acid, inositol,

par a- am nohi ppur ign@ebdgulbin®éi Nhephtiansddium, etc.

Hemostatics: thromboplastin, thrombin, menadione sodium
bisulfite, acetomenaphthone, g-aminocaproic acid, tranexamic acid,
carbazochrome sodium sulfonate, adrenochrome monoaminoguanidine

10 methanesulfonate, etc.

Anti-tubercular agents: isoniazide, ethambutol, p-aminosalicylic
acid, etc.

Hormones: prednisolone, prednisolone sodium phosphate,
dexamethasone sodium hydrochloride, hexestrol phosphate,

15 methimazole, estrone, etc.

Antinarcotic agents: levallorphan tartrate, nalorphine
hydrochloride, naloxone hydrochloride, etc.

Bone resorption inhibitors: ipriflavone, etc.

Promoters of osteogenesis: polypeptides such as BMP, PTH, TGF-

20 B, IGF-I, etc.

Antiangiogenetics: Angiogenesis suppressing steroids,
fumagillin, fumagillol derivatives, etc.

Antiemetics: 5-hydroxytryptamine type 3 receptor antagonists
such as ondansetron or tropisetron, etc., neurokinin 1 receptor

25 antagonists, etc.

Vitamins: vitamin A, g-carotene, vitamin B,, vitamin B,, niacin,



C, vitamn D, vitamn E, vitamn K, etc. The nedicanments referred to the
above may be in free formor be 5 in a pharmaceutically acceptable salt
form For exanple, when the nedicanment possesses a basic group such as an
am no group, etc., it nmay be used in the formof a salt with an inorganic
acid (e.g., hydrochloric acid, sulfuriéZacid, nitric acid, etc.) or with
an organic acid (e.g., carbonic acid, succinic acid, etc.). Wen the

medi canment 10 possesses an acidic group such as a carboxyl group, it may be
used in the formof a salt with an inorganic base (e.g., alkali netals

such as Sﬁ gﬂwﬂhaﬁﬁtdés aitbtifdific)acd?d, %R%ﬁﬁg&ﬁﬂ?ﬂ?ﬂe&a@@?@itéﬁ:iﬁ;Bﬁ,Or gani c

am nes as triethylam ne, basic amno acids such as arginine, etc.).

The evapor aft0Ri®B, | R1RI488] eRtNS Park HAUBhigpiredacikh 6Ha) Yitadhin
nmenbrane of the prédent invention is carried out by either one or a

combi nat i onc ofithMBnaDd, VRAMIATE! tRafh/ Wefeg net hods: (1) a nethod of
passi ng a gas on one side of t he gas separation nenbrane which is opposite

si de of supplyi nridg&iibhfiedits refdried tothdeaabovenriynbé iglfred firerfi loethd 0 as
nmerely "the opposite side of emulsion”); 20 (2) a method of deconpressing

sai 05 0pposijhea phentdcaitidAiypacedptabie sghrsosenarksr exampidrwhen thie (3) a
nmet hod of warm ng the enmul sion which is supplied to one side of the gas

separ at i on medltanent possessst £ basicgfsupduch as amearliyo grohp, skcle itof
emul sion"). 25 In any nmethod, it is preferable to evaporate the organic
sol vent  wirnbguwe espddinngdnet foereofihssadt with tlircinmrganiteaeid (e.g., vi ew of
keeping an 18 aseptic condition and of preventing rel easing of the organic
sol vent t dwadmbohilivsic deeid, sulfuric acid, nitric acid, etc.) or with an organic acid

(e.g., carbonic acid, succinic acid, etc.). When the medicament

10 possesses an acidic group such as a carboxyl group, it may be used in

the form of a salt with an inorganic base (e.g., alkali metals such as

sodium, potassium, etc.) or with an organic base (e.g., organic amines

such as triethylamine, basic amino acids such as arginine, etc.).

The evaporation of the organic solvent through the gas

15 separation membrane of the present invention is carried out by either
one or a combination of two or more of the following methods:

(1) a method of passing a gas on one side of the gas separation
membrane which is opposite side of supplying the emulsion (“other
side”, hereinafter, referred to as merely “the opposite side of emulsion”);

20 (2) a method of decompressing said opposite side of emulsion of
the gas separation membrane; or

(3) a method of warming the emulsion which is supplied to one
side of the gas separation membrane (hereinafter, referred to as merely
“the side of emulsion”).

25 In any method, it is preferable to evaporate the organic solvent

without exposing the emulsion to the outside air in view of keeping an



These net hods for evaporation of organic solvent are explained in nore
detail below 5 (1) A nethod of passing a gas on the opposite side of

enul sion of the gas separation nenbrane: The passing of a gas may be
carried out by any conventional nethod such as bl ow ng, suction, etc. and
the gas to be passed through includes 48r, nitrogen gas, helium gas, argon
gas, etc. Wien 10 m crospheres for nedici naI use are prepared, it is
preferable to use sterilized and dust-free (filtered) gas. The rate of
loassi n% a gas is usual ly not Iess than 0.8 liter/mnute, preferably not
ess than t A

nmet hod of oa r'riﬁ:rgeétzéfr{?éﬂf % S F g%sngileélg%m %& t ﬁso%zi{s@)

separ ati on yenhiahSisidde decorrpre53| ng is carried out with a deconpressing
punp, a water-air punp, etc., and the deconpressing is carried out so that
the difference Orhégeeﬁr%lﬂﬁsclé%%e@pémlﬁr 6? 09§aﬁie%&veﬁt ang espidineaposi te
20 side of emulsion is in the range of - kPa, preferably 20 - 100
kPa. It is iprelopeaddtsiltpeleentrol in a rranner vvherel n the side of enulsion
i's normal pressure and the opposite side of enulsion becones reduced
presgure. (3) A héthdd of\BaSking 4 e sIrteh®bppisitei side olenitisivardfi ng i s
carried out by using a thernostat, an outer bath, a steambath, etc. so
that the emﬂesig@glségammnaﬁemb@aﬁgpri bed 19 tenperature. The preferred
range of tenperature may vary depending on correlation with a pressure,
but it is preferafhe paskirgi obatgasneigt e earried out by any conventional

method such as blowing, suction, etc. and the gas to be passed through
includes air, nitrogen gas, helium gas, argon gas, etc. = When

10 microspheres for medicinal use are prepared, it is preferable to use
sterilized and dust-free (filtered) gas.

The rate of passing a gas is usually not less than 0.8
liter/ minute, preferably not less than 6.7 liters/minute, per 1 m? of the
membrane area.

15 (2) A method of decompressing the opposite side of emulsion of the
gas separation membrane:

The decompressing is carried out with a decompressing pump, a
water-air pump, etc., and the decompressing is carried out so that the
difference of pressure between the side of emulsion and said opposite

20 side of emulsion is in the range of 1 - 100 kPa, preferably 20 - 100
kPa. It is preferable to control in a manner wherein the side of
emulsion is normal pressure and the opposite side of emulsion becomes
reduced pressure.
(3) A method of warming the side of emulsion:

25 The warming is carried out by using a thermostat, an outer bath,

a steam bath, etc. so that the emulsion is kept at a prescribed



of not | ower than a boiling point of the organic solvent under the pressure
at the opposite side of enmulsion, and the tenperature is 5 usually in the
range of 30 to 80C, preferably 40 to 60C, while it may vary dependi ng on
the kinds of the solvent. Besides, in any nethod of the above, in order to
renove effectively the organic solvent1lPromthe enulsion, it is preferable
to stir the enmulsion by a conventional stirring neans, such as a screw
type, a 10 nmagnetic stirrer type, or a paddle type. The evaporation of
organi ¢ solvent by the above nmethods is preferably done until the content

et hytene_ GAFIRTRSIFRS Tl pHEtertbd tARRE e A Rl VA e BHEE )"

h fi ' f
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Regi stration o har naceut s -for Human anong Japan, U.S.A and

Eur ope (| Cgat)essﬁ% azt] Qﬁc%g:ﬂ?cﬁife seleVSNd miBYiohl e thd GernpebyRsrelly 20

t r eat ment ter producin e m crospheres. The gas separation nmenbrane
useds for t hesgNp o hi Fangk d50 ta1BVE, YPreftablP A0VRNG0°0, Wheleietthag of the

present invention includes a pervaporation nenbrane or a porous nenbrane

as ment i oneghhedYéndihl) orf tREKIABS GTithensdleédt.ane 25 It is a non-porous
menbrane (a honogeneous nenbrane) which is effective to separation of a

gas taking advantBgsides, frhangi meeicdof the aXfovehén drdepkotrenoveat e of the
gaseous nolecule in the nenbrane and the rate of diffusion thereof into
t he menbr angffecthelgxasprganidesleeht fifdin the emulsion, it is preferable to stir
the emulsion by a conventional stirring means, such as a screw type, a
10 magnetic stirrer type, or a paddle type.

The evaporation of organic solvent by the above methods is
preferably done until the content of the organic solvent in the
microspheres become 35000 ppm or lower. When methylene chloride
is used as an organic solvent, the preparation shall have a final

15 remaining content of the solvent of not more than 600 ppm (cf., a
Guideline for Remaining Solvent of Medicaments according to
International Conference on Harmonization of Technical Requirements
for Registration of Pharmaceuticals for Human Use among Japan, U.S.A.
and Europe (ICH)), but the organic solvent may further be removed by

20 treatment after producing the microspheres.

The gas separation membrane used for the evaporation of the
above organic solvent in the method of the present invention includes a
pervaporation membrane or a porous membrane as mentioned below.

(1) A pervaporation membrane
25 It is a non-porous membrane (a homogeneous membrane) which

is effective to separation of a gas taking advantage of the difference in



a sikiconsrubber pervaporation nmenbrane (particularly a pervaporation

menbr ane nade of pol ydi net hyl sil oxane), a nenbrane prepared by 5 filling
silicon rubber into porous polytetrafluoroethylene (cf., JP-A-5- 15749), a
pol yvi nyl al cohol m xed nmenbrane (cf., Chem cal Engineering, March 1998,
pp. 25-29). The menbranes may be used i@0a size of 0.1 to 10,000 n2,
preferably 10 to 5,000 n2, per 1 nB of the aqueous phase. (2) A porous
menbrane 10 This nmenbrane is suitable for separation of the organic sol vent
by utilizing the difference in the flowng rates of the gas nol ecul es

within the porgus @ggefofﬂs?e gg@%@%&ree}lgengygfégyﬂem}gaaer thgenbr ane

made of polytetrafrliuoroe ene ypr opy urnal of Chem cal

Engi neering0f of ?ﬁgﬂsio‘ﬁ)hﬂe%f éx'?%]}:lg% ggﬁgrb;‘éﬁé.lf’@hejéia}ﬁﬁ@s’ thierB6f hpw fiber

menbr ane of 1onized crosslinke pol yacrylonitrile conposite

(cf., Jour : ' ' ' Ye 17-21,
%Ell@onqlﬁﬁbﬁﬁbg &%fdrﬂ&&ﬁbr&ﬁ@?ﬁart @Jllarl%g:’a gg‘gv.i%ordﬁbn

1992). The nenbranes nay be used in a size of 0.1 to preferably

10 t0 5, 00QnEfybiie hatfe Of pbldinRiNpRisxARES e nZénblahBprephbed byf t he
3

present invention, both of thé above- nentioned pervaporati on nenbrane and

por ogls ey |fng ﬁﬁaoﬁecumﬁd,int@gj_orbhg puly i pflabtcethyry Fm.e; JmApBef er abl e
in order to keep an sterile condition wth a closed vessel and to prevent

i nvasi on of 15745}, depolfivarylngiohbl augbdentirableot, Clferiisl Engibyrinizs

treatment of emulsion with these gas separation nenbrane, it is preferable
to set so tMatrch N®OIEIPpE.aR5 @) atfhedinemibradienganbe uadvienh sike ofiQhl t he

menbrane is |arger than the rate of water, but the organic solvent has a
boi I'i ng poitat 10000 ni%)prefdrablyol Ovet 8,000ant, per 1 m® of the aqueous phase.
(2) A porous membrane

10 This membrane is suitable for separation of the organic solvent
by utilizing the difference in the flowing rates of the gas molecules
within the porous membrane. The examples are a hydrophobic porous
membrane made of polytetrafluoroethylene or polypropylene (cf.,

Journal of Chemical Engineering of Japan, vol. 31, no. 1, pp. 153-156,

15 1998), a hollow fiber membrane of ionized crosslinked chitosan/
polyacrylonitrile composite (cf., Journal of Chemical Engineering of
Japan, vol. 25, no. 1, pp. 17-21, 1992). The membranes may be used
in a size of 0.1 to 10,000 m?, preferably 10 to 5,000 m?, per 1 m?® of the
aqueous phase.

20 In the method of the present invention, both of the above-
mentioned pervaporation membrane and porous membrane can be used,
but the pervaporation membrane is preferable in order to keep an
sterile condition with a closed vessel and to prevent invasion of outside
microbes through the membrane.

25 Besides, by the treatment of emulsion with these gas separation

membrane, it is preferable to set so that the permeation rate of the



hence, when a tenperature is appropriately controlled, the organic solvent
can selectively be renoved in spite of the perneation rate of the 5 gas
separation menbrane. The evaporation of the organic solvent with the above
gas separation nenbrane can be done by various types of nethods as
mentioned below. (1) G rculation type 1210 A portion of the enulsion is |ed
to one side of the gas separation nenbrane, to which the evaporation
treatment of the organic solvent is applied, and after renoval of the
organic solvent, the resulting liquid is <circulatory returned to the

ermul si on. '&%ﬁﬁf SBfV%ﬁ‘%StﬁrcigEﬁ BRSPS ld AFBEPERAR the r4t€Gfihatehe form

of a bundle ural gas separation nmenbrangs which form hollow fibers,

in order to,enhiad BFpddie soléhPhas¥ Bailidd pbin Rl 1Ak dfiwatsticmd he
i !

enmul sion into t ner —si e gas Separation nenbrane in the form of

hol | ow i befignceSubhéR Lt pepattieqs dﬁgﬁ%{d&?&oﬁ&@ﬁe@?ﬁh@ ePgdic on

menbrane are a silicone nenbrane no SEP" manuf actured by 20

Nagayanagi dgeet éaheleddtiveipibeh@moved aaepitiel 6t raBatiehareatof th6G 100
series, manufactured by Toray Industries, Inc.), a high perfornmance

deaeg;at! ng g‘ﬁ”@é tRremsthbrsfe. 100 series, manufactured by Toray
I ndustries, Inc.), a triple layer conposite hollow fibers nenbrane (a

deaer ati ng menbr arige BPdpbeaticm ol the orgadidyolenbinishiihehibdReygas Co., Ltd.),
a hollow fiber nenbrane nodul e ("SEPAREL", manufactured by Daini ppon | nk

and Chenm cadepdration nizinbrene canbetione f vatiousityped dfanbthadsased i s
usual ly carried out by using a circulation punp in the follow ng manner.
mentioned below.
(1) Circulation type :

10 A portion of the emulsion is led to one side of the gas separation
membrane, to which the evaporation treatment of the organic solvent is
applied, and after removal of the organic solvent, the resulting liquid is
circulatory returned to the emulsion. In this process, the gas
separation membrane is used in the form of a bundle of plural gas

15 separation membranes which form hollow fibers, in order to enlarge the
surface area. It is preferable to introduce the emulsion into the inner
side of the gas separation membrane in the form of hollow fibers.

Suitable examples of the circular type gas separation membrane
are a silicone membrane module (“NAGASEP” manufactured by

20 Nagayanagi Kogyo Kabushiki Kaisha), a deaerating membrane element
(SG-100 series, manufactured by Toray Industries, Inc.), a high
performance deaerating membrane element (SG-100 series,
manufactured by Toray Industries, Inc.), a triple layer composite hollow
fibers membrane (a deaerating membrane module, manufactured by

25 Mitsubishi Rayon Co., Ltd.), a hollow fiber membrane module

(“SEPAREL”, manufactured by Dainippon Ink and Chemicals Inc.).



(a) A nmethod of circulating which conprises taking only a portion of the
aqueous phase of the enulsion as a portion of the 5 enmul sion A portion of

t he agueous phase of the enul sion nay be carried out by passing the

emul sion through a filter (e.g., a stainless nmesh filter, a glass filter,
a ceramic filter), or by utilizing the @2fference of specific gravity

bet ween the organi c phase and the aqueous phase by using an 10 up-and-down
liquid-liquid counterflow apparatus (utilizing an extractor manufactured
by Tokyo Ri kaki kai Co., Ltd.). Anmong these nethods, a nethod of passing

through a fllter pik BElRIA0h briAEdiduldRoBe tediBd s RIAITBRId bt the

organi ¢ phase of S1 on. hod conprises cir I ng a portion

of the aquagyis BasSANRRAC Sl if e BUIOMIRE MhnbP, passed through i nto

t he inner gas separation nenbrane having a

snmal | er di ameter @gf they BoldhRw ¥f LikQulatitg RIAERTRAPFEEs Makiohips" gas

separation nenbrane. (b) A nethod of circulating in the state of "an

enul sion  ThiSidiEbhBise aQMRbLESh&dd 6011 ERELIRIRPREILPobfioh T theul sion 20
after subjecting to the ‘evaporation of the organic solvent, where the

or gagii ¢ phagfuddiohhe emul sion contacts the gas separation nmenbrane, and
hence, the kinds of the gas separation nenbrane shall be selected so as to

meke it fit to thepertienalf theca@higans phalvesss. thesinddsioniely be partiedn of
the emul sion is infroduced into the 5 inner side of the hollow fiber gas

separ ati on g@iby Paessirtg shé eabhich 2hrough tahAlteol(¢.gw 4 sheintess ntesh filket,ow
fi ber gas separation nenbrane shall 23 be selected in order to prevent the
cl oggi ng, angldss filtes, & @seamid filter), prabye vatlizéng theetiffaperasesof spedafiposi t e
side of emul sion of the gas
gravity between the organic phase and the aqueous phase by using an
10 up-and-down liquid-liquid counterflow apparatus (utilizing an extractor
manufactured by Tokyo Rikakikai Co., Ltd.). Among these methods, a
method of passing through a filter is preferably used in case of less
deformability in the organic phase of the emulsion. This method
comprises circulating a portion of the aqueous phase and hence, it can
15 favorably be passed through into the inner side of the hollow fiber gas
separation membrane having a smaller diameter of the hollow without
clogging of the hollow fiber gas separation membrane.
(b) A method of circulating in the state of an emulsion
This method comprises circulating a portion of the emulsion
20 after subjecting to the evaporation of the organic solvent, where the
organic phase of the emulsion contacts the gas separation membrane,
and hence, the kinds of the gas separation membrane shall be selected
so as to make it fit to the kind of the organic phase.
Besides, when a portion of the emulsion is introduced into the

25 inner side of the hollow fiber gas separation membrane, a suitable size

of the hollow fibers of the hollow fiber gas separation membrane shall



separation menmbrane or to warmthe enulsion to be provided into the one
side of the gas separation nenbrane. 5 The method of renoval of the organic
solvent in the circulation type can be carried out with an apparatus

conprising the following basic elenments, and the vessel for filling the
enul sion may optionally be equipped W 25 a filter, an up-and-down
liquid-liquid counterflow apparatus. 10 (i) avessel for filling an

enul sion; (ii) a gas separation nmenbrane nodule for evaporating off an
organi c solvent fromthe emulsion; (iii) a circulation pathway which

connect s | i, ¥ABSRA Rl o BRERPHALABIME IS IS, wag 10 (1V) @

punp for ci rcu atrng 't he e €’gas separation nenbrane

modul e. (2), lfERisi g detBfip E%Sth@% IEOIRId SLSmUTERISONEhéBagul sion in
a tubul ar dgas separatlon nbr ane, ereln a gas is passed into the inside

of the 20 tdh@ratipnl ﬁe&ﬂﬁfeﬁ{@gf o witim (the driHhiliah t@45e peevidet idito TRebr ane
Is in the formof bundles of plural gas nenbrane which form hollow fibers

and have a&i@kicﬁoﬂt@?é@%e phratientribmbraner der to increase the surface
area, and that the bundle is " imersed in the enulsion and a gas is 25

passgd into the iTHeinéthdd of réhevalubfiity oggmisapdverit onthe oincabetiohn this
nmet hod, the organi c phase of the emul sion contacts the 24 gas separation

nmenbrane, agpehriitbe dditied ods with hheappasratesarahpoisingrehe fallewirigl | be
selected so as to nmake it fit to the kind of the
basic elements, and the vessel for filling the emulsion may optionally be

equipped with a filter, an up-and-down liquid-liquid counterflow

apparatus.
10 (i) a vessel for filling an emulsion;
(ii) a gas separation membrane module for evaporating off an

organic solvent from the emulsion;

(iii) a circulation pathway which connects the vessel and the

gas separation membrane module; and

15 (iv) a pump for circulating the emulsion through the gas
separation membrane module.
(2) Immersing type:

This method comprises immersing an emulsion in a tubular gas
separation membrane, wherein a gas is passed into the inside of the

20 tube.

It is preferable that the tubular gas separation membrane is in
the form of bundles of plural gas membrane which form hollow fibers
and have a smaller diameter of the tube in order to increase the surface
area, and that the bundle is immersed in the emulsion and a gas is

25 passed into the inner side of the tubular gas separation membrane.

In this method, the organic phase of the emulsion contacts the




organi ¢ phase. The separation nenbrane is basically the sane as the above 5
circular type of nenbrane. However, when the emulsion is stirred for
contacting the enulsion to the gas separation nenbrane, it is preferable
to use a bundle of hollow fiber separation nenbranes which are figured in
a plate or cylindrical shape. The netho@4of renpval of the organic sol vent
with the imrersing 10 type of gas separation nenbrane is carried out by
usi ng an apparatus conprising basically the followi ng elenents: (i) a
vessel for filling an enmulsion; and (ii) a gas separation nenbrane nodul e

to be i mergsed./ ' [ : | ;
organi c sol%gn?éé‘brrgﬁb?ﬁ%gk%q&: %ﬁ%n%l%/%)?§%hzgﬁ%gfﬁf3%gré&§c§g$%%b&?o this
type of netrpgglgﬁagge &l BRPYALERPES R(BAAGEA if it BUBROKRI] BOthgIe O gani ©

it
sol vent at _ passi ng the emul sion tlhrough a pat hway by 20 (a)
fl ow ng the(,l?gﬁli@gﬁgsgp the outside of the gas separation nenbrane where a
tubul ar gas Separation nenbrane is arranged wthin the pathway and passing

a gas through theridgepasitiish HhefPRant U8 HaicARF tis€Bahad herheR{BYwNe in the
direction counter to the flow of the enmulsion, 'or 25 (b) flow ng the

enmul §i on t hgréaetype & MEnibianeas Hepavel, ivillen Mhelmanisivhds staréd/for ar gas
separation nenbrane is arranged 25 within the pathway and passing a gas

through t hecqiithstidg e éfrilSian tcé @ gasisepardtibhanembrales itlis ecti on
counter to the flow of the
preferable to use a bundle of hollow fiber separation membranes which
are figured in a plate or cylindrical shape.

The method of removal of the organic solvent with the immersing

10 type of gas separation membrane is carried out by using an apparatus
comprising basically the following elements:

(i) a vessel for filling an emulsion; and

(ii) a gas separation membrane module to be immersed in
the emulsion in the vessel for evaporating off an organic solvent from

15 the emulsion.
(3) Channel type:

According to this type of method, the microspheres are prepared
by evaporating the organic solvent at the step of passing the emulsion
through a pathway by

20 (a) flowing the emulsion to the outside of the gas separation
membrane where a tubular gas separation membrane is arranged
within the pathway and passing a gas through the inner side of the
tubular gas separation membrane in the direction counter to the flow of
the emulsion, or

25 (b) flowing the emulsion the inner side of the gas separation

membrane where a tubular gas separation membrane is arranged



enul sion. *According to this nethod, the m crospheres can continuously be 5
produced w t hout doing each tinme (batch system the operations of filling
of the emulsion into a vessel, renoval of the organic solvent and
thereafter collecting the mcrospheres fromthe vessel in contrast to the
circulation type of nethod or the imer8bng type of nethod. The apparatus
to be used in the process of the present invention 10 can be desi gned
appropriately so as to nake it fit to the various types of gas separation
menbranes but is not limted to any specific one, but a preferred one is

Ll ustrat . ; : ani
evapor at cd BTk ie SR VY, S TR AL & A4 Ppdlan HE Rl &1 B8 K cea” The
recoveri nggge@ﬁgaﬁsn einBradid ele irdditPLitififer! fo Bie ABR) bfithe @ et hod of

i ntroducin 0 a col water, or a method of adsorbing into porous
particles. Jhgi@daorbing nethod is done with an apparatus of adsorbing
with fibrous active carbon, a general purpose apparatus of recovering

chlorocarbon  ex d93S to i BlthbUPehOmRIPBIPRES Odn COREMRIdUMlY be
chl orocarbon 20 exhaust Qgas, an apparatus of recovering a | ow concentration

of ghlor Ocﬂr&m&e@(ﬂ?&'ﬁhtﬁcﬁngaéh&pﬁ&ﬁélb&cﬁfs s81) vhedopé rialtiogysaaful ar
active carbon, a fluidized bed apparatus of adsorbing with spheri cal

active car bmtﬁnﬁzla femilsrointeResssl] eemondl eDtite beganiensdlyentandy
cooling (cf., ndbook for use of chlorocarbon, pp. 85-93). Mre 25

speci fi cal | therthftee collectifgdheanigrosphktes from lthblvessppar eontrestsatheas  an
appar atus of recovering and deodorizing of solvent "Aneig" 26 manufactured

by Kuri not acitédlativittyge eppasthbdsor thie adaoerisimg tgpel of amethenki ng a gas of a
sol vent in | ow concentration "Hal oneater™
The apparatus to be used in the process of the present invention
10 can be designed appropriately so as to make it fit to the various types of
gas separation membranes but is not limited to any specific one, but a
preferred one is illustrated in the working examples hereinafter.
The organic solvent to be evaporated as mentioned above may
preferably be recovered and re-used. The recovering is done by a
15 method of liquefying it by cooling, a method of introducing into a cold
water, or a method of adsorbing into porous particles. The adsorbing
method is done with an apparatus of adsorbing with fibrous active
carbon, a general purpose apparatus of recovering chlorocarbon
exhaust gas, a small type of apparatus of recovering chlorocarbon
20 exhaust gas, an apparatus of recovering a low concentration of
chlorocarbon exhaust gas, an apparatus of adsorbing with granular
active carbon, a fluidized bed apparatus of adsorbing with spherical
active carbon, an apparatus of compression and condensation by deeply
cooling (cf., Handbook for use of chlorocarbon, pp. 85-93). More

25 specifically, there are used commercially available apparatuses such as

an apparatus of recovering and deodorizing of solvent “Ameig”



manuf actured by Toyobo Co., Ltd. The m crospheres prepared by the process
of the present 5 invention are separated and recovered fromthe emnul sion
after evaporation of the organic solvent by a conventional nethod such as
centrifugation, filtering, or screening. Mreover, when the m crospheres
are heated over the boiling point of tRB6 organic solvent in an aqueous
phase (cf., JP Application No. 10 11-39599) or dried with heating after
covering with an additive having a high nelting point (cf., JP-A-9-221417),
t he remai ning organi c solvent can be renoved. The m crospheres thus

obt ai ned arﬁahﬁ?%ﬁgrem%gﬁfgg R4 €anbén %g;‘i’igg%i‘&§ & afifSrinBeaus phase,

etc. whichare-a € surface, an I ng an aggl onerati on

brevent | NG AGeiinsHE: B85 oPAIAAORS low WRlceRlLalh sHalGieRe C _bases,

preferably mannito In order to prevent the aggl omeration anong
the m Cros%ﬁh‘%{?a%tnﬁ%a %h%xgggj@&t’ ¢gqto lyophilization. Mreover, in order
a

to obtain m crospheres vihg the desired 20 particle size, the product is

preferably subj ecpiednliersspieaesshepa®éd B ai@beocesscofeie pfeskrR00 pm or
| ower. Particularly, the mcrospheres are used as an injection

pr epgir at i onnveAfiof &reoSahiated Al pécfverad ffompdrseshulSiopugften screen of
150 pmor lower in order to easily pass through the needle. 25 The

m cr ospher esyaporREbacHDhd bfgdtit Molveaft be cureasrtiondlnvethod suchyade
i ncorporated with nedi canents, imaging materials 27 (e.g., pignent,

col orant) kyeradifiggtibhe fitteriptl, caTSUTEBNINgAYi Ng materials into the organic
phas during the preparation of the
Moreover, when the microspheres are heated over the boiling
point of the organic solvent in an aqueous phase (cf., JP Application No.
10 11-39599) or dried with heating after covering with an additive having a
high melting point (cf., JP-A-9-221417), the remaining organic solvent
can be removed.
The microspheres thus obtained are further washed to remove
the additives of the aqueous phase, etc. which are adhered on the
15 surface, and adding an agglomeration preventing agent such as
saccharides, sugar alcohols, inorganic bases, preferably mannitol,
sorbitol, in order to prevent the agglomeration among the microspheres,
and then subjected to lyophilization.
Moreover, in order to obtain microspheres having the desired
20 particle size, the product is preferably subjected to screening, for
example a screen of 1,000 um or lower. Particularly, the microspheres
are used as an injection preparation, the microspheres are preferably
passed through a screen of 150 pm or lower in order to easily pass
through the needle. |
25 The microspheres prepared by the method of the present

invention may be incorporated with medicaments, imaging materials



m cr espheres, and hence, can be used for nedi canents, non-carbon papers,
aqueous ink, or the like by selecting the additives. 5 In case of

m crospheres containi ng nedi canents, they nay be in the formof fine
granul es, suspensions, enbedded type preparations, injections,
preparations applying to the skin, and &n be adn1n|stered orally or
parenterally [intranuscul ar injectlon, subcut aneous i njecti on,

adm nistration into bl ood vessel, percutaneous adm nistration, 10

adm ni stration via viscous nenbrane (per oral cavity, per vaginal

admi ni strat Eg:,[ g&?ﬁeﬁ?%tﬁbr@ﬁtﬂ‘ﬂyf&&ﬁ{ ﬂ{bseeﬁféduam\é\h%‘ frh&ging

medi canent -'c INng mcro S used as an i nj ect I On pr epar ation or

a suspensi gg'el?éﬁé’l%rl%ttb(%ﬂe | n t%g sSHhHRgf thle Sp&rpﬂraﬁ@ﬁ‘@ﬂﬂ{é ation), they

may prefer be prepare rmof a 15 liquid preparation by

i ncor por at i fg-dsPhaPed SAf@ HegRB! chf- Bk usBQTbP Thédicakidratal ddiScaitsdry €t hyl ene
castor oil ‘derivatives, cellulose thickeners), or alter nati vel y, they may

be di sper S%ﬁé}s“@h%og)é ialdiord HeNgkdl by &dtigg tREIditisesENt | Oned above
and an exci'pient (e.g., mannitol, sorbitol, |lactose, glucose, xylitol,

nel tose, gal act 05{9, céslécépﬁﬁo\,mﬁﬂﬁrég|c|o@|1ltéirﬁﬁgtmeaﬂ:dm®ﬁf§ Ithe?tmap bedirtyi ng
under reduced pressure, spray drying, etc. , and the solidified

prepar at i onthesfoiths 80 fiviedzriamulest shspehsiohel efifeddydentpeoprepedratiorsed. The
above injection preparation may further optionally be incorporated by

preser vat i Visgedtéorss,, prepiabstipasatyplying tpyheaskibeand 2 beradirdktered! |,
chl or obut ano sorbic acid, boric acid, etc.), isotonic agents (e.g.

sodi um chl Ocmadl@' ogpaﬁaiﬂemallys ([nritramiuscgﬂam asjectiong shibcpithhe@8s anuem;m S
(e.g., sodium hydroxide, potassium hydroxide, hydrochloric
administration into blood vessel, percutaneous administration,
10 administration via viscous membrane (per oral cavity, per vaginal
administration, per rectal administration, etc.)].
When the medicament-containing microspheres are used as an
injection preparation or a suspension preparation (e.g., dry syrup for
oral administration), they may preferably be prepared in the form of a
15 liquid preparation by incorporating a dispersing agent (e.g., nonionic
surfactants, polyethylene castor oil derivatives, cellulose thickeners), or
alternatively, they may be dispersed in water by adding the dispersing
agent as mentioned above and an excipient (e.g., mannitol, sorbitol,
lactose, glucose, xylitol, maltose, galactose, sucrose), and solidified by
20 lyophilization, drying under reduced pressure, spray drying, etc. , and
the solidified preparation is dissolved in distilled water for injection
when used.
The above injection preparation may further optionally be
incorporated by preservatives (e.g., methylparaben, propylparaben,

25 benzyl alcohol, chlorobutanol, sorbic acid, boric acid, etc.), isotonic

agents (e.g., sodium chloride, glycerin, sorbitol, glucose, etc.}, pH



aci d; phosphoric acid, citric acid, oxalic acid, carbonic acid, acetic
acid, arginine, lysine, etc.). 5 EXAMPLES The present invention is
illustrated by the foll ow ng Exanples, Conparative Exanples, Experinents,
but should not be construed to be Ilimted thereto. (Exanple of
appar at uses) 10 The apparatuses, which @8y be used for preparing

m crospheres of the present invention are illustrated in Fig. 1 to Fig. 5.
In order to prepare the m crospheres by using the apparatus as shown in
Fig. 1, the enulsion to be subjected to an in-water drying is filled in a

cl osed vessgl. s d tq .t h CONS f | si on
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m ddl e of t C (A Seifl : ' b M i (10 M ;
Stirring bisdd PAPFPRYAERRiA) Eicic &cil ORHUE AR YarboHlit dcidfatt a8t by
the use of foshineuh@dihenefyyP (cl) via a circulation pathway (g') made of
a silicone r& er, etc. During the circul ation, when the portion of 20 the
aqueous phase is passed through the hollow fi ber nenbrane nodule, the
organi ¢ solvent contained therein is passed and perneated through the

hol low fi besxARpIr@8e and is evaporated through the ventilation (or
suction) hole (P) and thereby the organic solvent can be efficiently

evaporated of f toripréderithiaivensionns dlutidretety théeolzéwmgremmi»prees are
formed above the filter (el) provided in the closed vessel (a'). 29 For

preparing ntemyspheve Edympiés) Eqperimenita) bat ahosidwotibe céngtruzd tohbe
emul sion to be subjected to an in-water drying is filled in a
limited thereto.
(Example of apparatuses)
10 The apparatuses, which may be used for preparing microspheres
of the present invention are illustrated in Fig. 1 to Fig. 5.

In order to prepare the microspheres by using the apparatus as
shown in Fig. 1, the emulsion to be subjected to an in-water drying is
filled in a closed vessel (a!), and a portion of the aqueous phase of the

15 emulsion passed through a filter (e') (e.g., a stainless mesh) provided at
the middle of the closed vessel (a!) is circulated with stirring with a
stirring blade (d') by passing through a hollow fiber membrane module
by the use of a circulation pump (c') via a circulation pathway (g') made
of a silicone rubber, etc. During the circulation, when the portion of

20 the aqueous phase is passed through the hollow fiber membrane
module, the organic solvent contained therein is passed and permeated
through the hollow fiber membrane and is evaporated through the
ventilation (or suction) hole (f') and thereby the organic solvent can be
efficiently evaporated off to out of the system, and thereby the

25 microspheres are formed above the filter (') provided in the closed

vessel (al).



cl osed vessel (a2), and a cylindrical hollow fiber menbrane nodule (b2) is
i mrersed in the emulsion. In this situation, air is passed via a 5
ventilation pathway (f2) with stirring the ermul sion by a magnetic stirrer
(h2) and a magnetic stirring piece (d2), whereby the organic solvent in

the emul sion is passed and perneated th28ugh the hollow fi ber nenbrane and
Is efficiently evaporated off to out of the system and thereby the

m crospheres are forned in the closed vessel (a). 10 For preparing

m crospheres by using an apparatus as shown in Fig. 3, the oil phase and
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(d3) by passing throu menbrane nodule by the use of a

circul ati ongRiHersed jrY tRe @ntiifsfoh 2t 119 BhR24ifuaMon( Qir PHRs&d disShl | cone
rubber, etc. During the circulation, when the portion of the agueous phase

is passed tRaiglohhSathil AP (2 Wil sﬁ&igg&hemumdﬁlw atrhﬁﬁﬁéﬁ@rﬁtﬁrréﬂ vent

contained therein is passed and perneated through the hollow fiber

menbrane ang?) sn@\PRHgHAIL stifviag Pietd 1y cwhictetsy eRe OPgafilcsoloont el e (f3)
and thereby the organic solvent can be efficiently evaporated off to out

of the systib ¢rawsiohfﬁ%g}§é%euh9nm;£€rﬁ$¢ateda&raughf@fenhdllaisroﬁrleert he filter
(e3) provided in the 25 closed vessel (a3). For preparing mcrospheres by

using an appehthraheaandiswifitiendly évagporated bff W dbupbfiske agdtanueands phase
of the enmulsion to be subjected to an in-water drying are filled in a
cl osed vessileréby thendictosphefésdrevdrimed in the closed vessel (a?).

10 For preparing microspheres by using an apparatus as shown in
Fig. 3, the oil phase and aqueous phase of the emulsion to be subjected
to an in-water drying are filled in a closed vessel (a%) and emulsified with
a homogenizer (i%). After emulsifying, a portion of the aqueous phase of
the emulsion passed through a filter (¢?) (e.g., a stainless mesh)

15 provided at the middle of the closed vessel (a%) is circulated with stirring
with a stirring blade (d®) by passing through a hollow fiber membrane
module by the use of a circulation pump (c?) via a circulation pathway
(g%) made of a silicone rubber, etc. During the circulation, when the
portion of the aqueous phase is passed through the hollow fiber

20 membrane module, the organic solvent contained therein is passed and
permeated through the hollow fiber membrane and is evaporated
through the ventilation (or suction) hole (f!) and thereby the organic
solvent can be efficiently evaporated off to out of the system, and
thereby the microspheres are formed above the filter (e%) provided in the

25 closed vessel (a%).

For preparing microspheres by using an apparatus as shown in



a honogenitzer (i4). After emulsifying, a cylindrical hollow fiber nenbrane
nodule (b4) is imersed in the emulsion. In this situation, 5 air is
passed via a ventilation pathway (f) with stirring the emulsion by a
magnetic stirrer (h4) and a magnetic stirring piece (d4), whereby the
organic solvent in the enulsion is passé® and perneated the hollow fiber
menbrane and is efficiently evaporated off to out of the system and

t hereby the m crospheres are forned in the closed vessel (a4). 10 For
preparing m crospheres by using an apparatus as shown in Fig. 5, the
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fi ber nmenbrane a Is efficiently eva?é)r fed“off to out of the system and
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apparatus, the tenperature of the enul sion can controlled by a

t enper at ur &,i6 ¢radkkd Ria latediftlation ?aﬁmaﬁ 17 QitH RErARgOEPEInfalSidINVBHt can

nore effectively be evaporated off to out of the system In the

appar at uses pladndtid stierdr (@*Panthe nygiidtiabtifingspiete i), Woleeeby fthg, (0)
and the ventilation pathway (f2), (ft), (f5) may optionally be connected

to an appargxigasid eblveer drethen@miuisiodr Bapassesbhndperniecatedhdre hadllowunct i ons
of cooling, adsorbing, etc. Exanple 1 31 (1) To a lactic acid-glycolic acid

copol yrmer (fitver agenbrte charis efficigitly étapditet adf te oatiof thegysted,c acid =
1: 1, PLGA 5010, manu-
and thereby the microspheres are formed in the closed vessel (a%).

10 For preparing microspheres by using an apparatus as shown in
Fig. 5, the emulsion to be subjected to an in-water drying is filled in a
closed vessel (a®) and a cylindrical hollow fiber membrane module (b°) is
immersed in the emulsion. In this situation, air is passed via a
ventilation pathway (f5) with stirring the emulsion by a stirring blade (d°),

15 whereby the organic solvent in the emulsion is passed and permeated
the hollow fiber membrane and is efficiently evaporated off to out of the
system, and thereby the microspheres are formed in the closed vessel
(a%. In this apparatus, the temperature of the emulsion can be
controlled by a temperature controlling jacket (j°), and hence, the

20 organic solvent can more effectively be evaporated off to out of the
system.

In the apparatuses of Fig 1 to Fig 5, the ventilation (suction) hole
(fY), () and the ventilation pathway (f%), (f*), (f°) may optionally be
connected to an apparatus for recovering the organic solvent which has

25 functions of cooling, adsorbing, etc.

Example 1



factured by Wako Pure Chemi cal Industries, Ltd.) (0.45 g) is added

net hyl ene chl oride (specific grade reagent, manufactured by Katayanma 5
Chem cal Industries, Ltd.) (0.75 g), and the m xture is mxed well with a
m xer (Touch M xer MrI-51, manufactured by Yanmato) to give a honbgeneous
solution, which is used as an oil phase3lThe oil phase is added to a 0.5 %
aqueous solution of polyvinyl alcohol (Poval 220C, manufactured by Kuraray
Co., Ltd.) (3 nL), and 10 the mxture is ermulsified with a honogeni zer
(POLYTRON Honmom xer; Kinematica AG Littau, the dianeter of tip: 7 mn at

pourod |t dth oyt BREe i dalipl ab (MR (AkBhed Aol DL 0N 1

vol ume: 80%% t:oﬁgfdgg)dgggﬁ%ﬁéﬁgt:aéigé&l?é"’aci'dh > IFP%GA- 5018, §hAnpQ0 nL of

wat er i s previous stirred wth ur stirring bl ades

(di aneter: Wad ical"Bith r egh are
provi ded onf?gta t ?%S?giﬁ%qu%?oérme%éﬁmo, %g{r#f z‘g?ﬂxgﬁ%ﬁ%%%g at 400

rpmat roomtannehaldl18rideqspedificitdde wglhe fRf eacterdd by alwayakya Wi t h
stirring vvithagsgur sti r?i ng BI adggg,M tehe agqueous phase passgd th?%ug% a

staigl ess ROt RIdUIPRE] 08d Ji(@F5 g tRé eMixdade ¥ ndixedWeell Rwith 0f the
vessel is introduced into a silicone rubber hollow fi ber menmbrane nodul e,

wher eby metiutaNTouehl MIikdeMTs 52y apahaladuebd Bydamdteyivs gilbeaessure (outer
pressure: 80 25 kPa) to the outside of the hol'low fiber menbrane, and the

aqueous phasempgeaesus kobudbn! hish lis atsed asbbesil pbidsew fiber menbrane | 32
nmodule is returned to the vessel. The circulation is continued at a rate
The oil phase is added to a 0.5 % aqueous solution of polyvinyl
alcohol (Poval 220C, manufactured by Kuraray Co., Ltd.) (3 mL), and
10 the mixture is emulsified with a homogenizer (POLYTRON Homomixer;
Kinematica AG, Littau, the diameter of tip: 7 mm) at 2,500 rpm for 5
minutes to give an O/W type emulsion.
(2) The emulsion is poured into a cylindrical closed vessel (inner
diameter: 80 mm, inner volume: 800 mL) of the apparatus as shown in
15 Fig. 1 wherein 500 mL of water is previously added, and it is stirred
with four stirring blades (diameter: 50 mm, propeller R type,
manufactured by HEIDON) which are provided onto a three-one motor
(BL-600, manufactured by HEIDON) at 400 rpm at room temperature
for one hour.
20 Thereafter, simultaneously with stirring with four stirring blades,
the aqueous phase passed through a stainless mesh filter (opening size:
20 pm) provided at a lower part of the vessel is introduced into a
silicone rubber hollow fiber membrane module, whereby methylene
chloride is evaporated off under reduced pressure (outer pressure: 80

25 kPa) to the outside of the hollow fiber membrane, and the aqueous

phase passed through the silicone rubber hollow fiber membrane



of 250 nmL/mnute for 2 hours. The used silicone rubber hollow fiber

menbrane nodule is NAGASEP MA0- A (manuf actured by Nagayanagi Kogyo

Kabushi ki 5Kai sha) of the follow ng specifications: Thickness of the holl ow

fi ber menbrane: 40 pm I nner dianmeter of the hollow fiber nmenbrane: 170 pm

Nunmber of hollow fibers: 3000 Effective 82ea of the hollow fiber

menbranes: 0.3 m (3) The contents of the cl osed vessel are passed through a

mesh defined by Japanese Pharnmacopeia (100 nesh, opening size: 150 Pm

and thereafter the m crosphere particles are separated with a stainl ess

mesh filter kD | 0 he r par ﬂﬁ!('!ﬁ
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transferred,t gube (the full volume: 5 ni,

manuf actur%&%@fgﬂ'ﬁﬁﬁ%{e}?éej cfs?r@r}%ther eto is added a small anount of

distilled water, i l"%@ij E%BH'u'lé zer (RLE-
élg{% ukba i gﬂt% Eﬁbﬁ&l‘@i’l i Itrlli!)rﬁn =

52ES, manufactur yowa -20 or 3 hours (outer
pressure: (i?@ a‘fRf’féeﬁﬂ‘édaB Ahda W&bﬁshﬂﬂt nor e
than 0.3 kP§ or 15 hour to give mcrosphere particles (average particle

size 60 prﬁalsﬁﬁﬁol“tﬁé%%‘@h?g Bp¥EIcatidhs: obt ai ned (0.01 g) is dissolved in
chl oroform (for high performance |iquid chronmatography, manufactured 20 by

Kanto Kagaku K. K.) (10 nL) to ve a test sanple |iquid. The test sanple
liquid (2 ablck@e%a%th%boupwrﬁmga§ miHeBRat ogr am ¥PPEatus  (the main body
GC- 14B, Integrator CR-7A, manufactured by Shimadzu. 33 Corporation)

[ col um padhinng,dimt&rr(afpémldmﬂlbv(f e nfmembrage:by GL70 um

Number of hollow fibers: 3000
Effective area of the hollow fiber membranes: 0.3 m?
(3) The contents of the closed vessel are passed through a mesh

defined by Japanese Pharmacopeia (100 mesh, opening size: 150 um)
and thereafter the microsphere particles are separated with a stainless
mesh filter (opening size: 20 um). The microsphere particles thus

10 obtained are washed with distilled water several times and then
transferred to a glass-made sample tube (the full volume: 5 mL,
manufactured by Iuchi Seieido) and thereto is added a small amount of
distilled water, and the mixture is lyophilized with a lyophilizer (RLE-
52ES, manufactured by Kyowa Shinku Co.) at -20°C for 3 hours (outer

15 pressure: not more than 0.3 kPa) and at 20°C (outer pressure: not more
than 0.3 kPa) for 15 hours to give microsphere particles (average
particle size: 60 um).

The microsphere powder thus obtained (0.01 g) is dissolved in

chloroform (for high performance liquid chromatography, manufactured

20 by Kanto Kagaku K.K.) (10 mL) to give a test sample iiquid. The test
sample liquid (2 ul) is measured with a gas chromatogram apparatus

(the main body GC-14B, Integrator CR-7A, manufactured by Shimadzu



Sci eace), ‘colum tenperature: 150C, the detector: FID; injection
tenperature: 170C, nobile gas: nitrogen gas; flowrate: 60 niL/h], and

based on a calibration curve previously prepared with a standard 5 sol ution
of methylene chloride in chloroform the concentration of the test sanple
liquid is estimated, and then in the 1igBt of the weight of microsphere
particles to be used, the content of the nethylene chloride in the

m crosphere particles are calculated. As a result, it was 25,000 ppm 10
Exanple 2 In the same nanner as described in Exanple 1 except that the

ime | noc heaifbraticl) Tolkphiocking; CUSPRARICL 32 (RATHIAUAPAIEL Doy,
m cr ospher & ABREL LBRINAY [dilpBra B8 380°03EhE Heltedof CFRD, ATleltiBn® 19
sdPaty o REFRIPfE: t

pr oducled e conte yI ehe m cr osphere
particles t 'Eﬂfgi‘ eﬁ&g,r I 1-(3
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obt ai ned i a@mé essel
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Fig.sl \Ahers%lﬁuéﬁoofr&ine@ﬁ %%eéhlbﬁdepﬁﬁahwr@fdfn@d&&dcoﬁe&lﬂrhtm &t ttig ed with
four stirring blades (di arreter nm propeller R type, manufactured by

S sk st i s sop Skl o
phase passedidrodphere particles to be used, the content of the methylene chloride

in the microsphere particles are calculated. As a result, it was 25,000
ppmnt.

10 Example 2

In the same manner as described in Example 1 except that the

stirring period of time is for 30 minutes and the circulation period of
time in the silicone rubber hollow fiber membrane module is for one
hour, microsphere particles having an average particle size of 69 um are

15 produced.

Besides, the content of methylene chloride in the microsphere

particles was calculated in the same manner as described in Example
1-(3). As aresult, it was 30,000 ppm.
Example 3

20 (1) The O/W type emulsion obtained in Example 1-(1) is poured
into a cylindrical closed vessel (inner diameter: 80 mm, inner volume:
800 ml) of the apparatus shown in Fig. 1 wherein 500 mL of water is
previously added, and it is stirred with four stirring blades (diameter: 50
mm, propeller R type, manufactured by HEIDON) which are provided

25 onto a three-one motor (BL-600, manufactured by HEIDON) at 400 rpm

at room temperature, and simultaneously, the aqueous phase passed



through ar'stainless nmesh filter (opening size: 20 pm provided at a | ower
part of the vessel is introduced into a silicone rubber hollow fiber

menbr ane nodul e, whereby nethyl ene chloride is evaporated off under

reduced pressure (outer pressure: 80 kPa) to the outside of the hollow 5

fi ber menmbrane, and the aqueous phase p8$4sed through the silicone rubber
hol | ow fi ber menbrane nodule is returned to the vessel. The <circulationis
continued at a rate of 250 ni/m nute for one hour. The used silicone rubber
hol | ow fi ber nmenbrane nodule is the sane as used in Exanple 1-(2). 10 (2)

closed vesdbroupd & PRPERN HeSh Afer AR Re Nie 20 bl BRARN e FlodlS

cl osed vesse rea 0 give m re par VINg an average
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m cr ospher particles was calc e same nmanner as described in

Exanpl e 1§ngfﬂt§%aneﬁ%ﬁlﬂgsmreﬁ§, Wﬁ@mQQﬁlm& i5¢oapbeated(d uerd W

type enul si on obtal ne Exanpl e 1- I's poured into " a cylindrical

cl osed vess@UucelNSresdLaeRb8ter $es8lire! 80P AbWHR 08fKide B thethdlfsy
apparatus shown in Fig. 1 wherein 500 nL of water is 20 previously added,

and gt is Sihdr Rénibidhd,id $hé lHqutouy pHESe pdisas@itArouBh tb@ sileonel | er R
type, manufactured by HEI DON) which are provided onto a three-one notor

(BL- 600, naribRatholesw Tibdianeabraaic Affdulers raturmsdnd ehpaessel. e Thand
si mul t aneousl y, the aqueous phase passed through a stainless nesh filter

(openi ng sidgfsuld@iopds ¢oithded =fla fateovP250mpdniindftetfbe oneslsehr.i s
I ntroduced into a silicone rubber hollow fiber nenbrane nodul e, whereby
met hyl ene chl ori dehé aisedailicanetubbr bndilow fber membrane module is the
same as used in Example 1-(2).
10 (2) In the same manner as described in Example 1-(3), the contents
of the closed vessel are treated to give microsphere particles having an
average particle size of 66 um.

Besides, the content of methylene chloride in the microsphere

particles was calculated in the same manner as described in Example

15 1-(3). As a result, it was 32,000 ppm.
Example 4
(1) The O/W type emulsion obtained in Example 1-(1) is poured into

a cylindrical closed vessel (inner diameter: 80 mm, inner volume: 800
mL) of the apparatus shown in Fig. 1 wherein 500 mL of water is

20 previously added, and it is stirred with four stirring blades (diameter: 5
cm, propeller R type, manufactured by HEIDON) which are provided
onto a three-one motor (BL-600, manufactured by HEIDON) at 200 rpm
at room temperature, and simultaneously, the aqueous phase passed
through a stainless mesh filter (opening size: 20 um) provided at a lower

25 part of the vessel is introduced into a silicone rubber hollow fiber

membrane module, whereby methylene chloride is evaporated off under



redueed pressure (outer pressure: 80 kPa) to the outside of the holl ow

fi ber nmenbrane, and the agueous phase passed through the silicone rubber
hol | ow fi ber nmenmbrane nodule is returned to the vessel. The <circulation is
continued at a rate of 100 nL/m nute for one hour. 5 The used silicone
rubber hol |l ow fiber menbrane nodule is 8he sane one as used in Exanple
1-(2). (2) In the same manner as described in Exanple 1-(3), the contents
of the closed vessel are treated to give mcrosphere particles having an
average particle size of 64 gm 10 Besides, the content of nethylene

chl ori de I

descri bed (SiipeessRe SutdtidsslEe, ???@&2?‘%0&%5%&%%2{%&@ C'5 (1)
To a m xtur t

di aneter: éﬁ’ Qmehﬁﬁ’f% udrrg%%%e %%r?gl)s%ﬁ? @%@g@%%ﬁ@&gﬂftg@%‘g}m@é& ycolic
acid COpOl Wb&%&[&gﬁﬂg}l ﬁ%%@faﬂ@hﬁ&ule%g r@gﬁ’rnéc?% tRe 3&k8el. THe/COliC
acid = 1, PLGA 5010, manufactured by Wako Pure Chem cal Industries,

Ltd.) (1 8 icilatdHORCIREAUEENE £ PARY bUE003ML) mididefBE ond dwf.e i s ni xed
well with a bath type sonicator (Sonorex Super 20 RK514BH, nanufactured by

Bandgrine) to gi VEheuBedRgREsee Fubbis PRIV fibewiheimbranesaddade dtioe |
phase. The oil phase is added to a 0.5 % aqueous sol uti on of pol yvinyl

al cohol (Pasaahe 22{2Cas nedfiacExantblbyl (@) aray Co., Ltd.) (8 mL), and the
m xture is enulsified with a honogeni zer (POLYTRON Honom xer; 25 Kinematica

AG Littau,(2) he dnathei ssimefmiaintierlds degcrdbed ibExampld dr(3j, the oohtentiso gi ve
an 0/ Wtype enul sion. |
of the closed vessel are treated to give microsphere particles having an
average particle size of 64 pm.
10 Besides, the content of methylene chloride in the microsphere

particles was calculated in the same manner as described in Example

1-(3). As a result, it was 30,000 ppm.

Example 5
(1) To a mixture of fine particles (0.2 g) of vitamin B,, (average
15 diameter: 3 ym, manufactured by Rhéne-Poulenc) and a lactic acid-

glycolic acid copolymer (average molecular weight: 10,000; lactic acid :
glycolic acid = 1 : 1; PLGA 5010, manufactured by Wako Pure Chemical
Industries, Ltd.) (1.8 g) is added methylene chloride (3 g), and the
mixture is mixed well with a bath type sonicator (Sonorex Super

20 RK514BH, manufactured by Banderine) to give a homogeneous
dispersion, which is used as an oil phase.

The oil phase is added to a 0.5 % aqueous solution of polyvinyl
alcohol (Poval 220C, manufactured by Kuraray Co., Ltd.) (8 mL), and
the mixture is emulsified with a homogenizer (POLYTRON Homomixer;

25 Kinematica AG, Littau, the diameter of tip: 10 mm) at 2,500 rpm for 5

minutes to give an O/W type emulsion.



36 (2) The enulsion is poured into a closed vessel (inner dianeter: 80 nmm
I nner volunme: 800 nL) of the apparatus shown in Fig. 1 wherein 500 nL of
water is previously added, and it is stirred with four stirring bl ades
(diameter: 50 mm propeller R type, manufactured by HEIDON) 5 which are
provi ded onto a three-one notor (BL-60036nanufactured by HEIDON) at 400
rpmat roomtenperature for 30 mnutes. Thereafter, sinultaneously with
stirring with four stirring blades, the agueous phase passed through a
stainless nesh filter (opening size: 20 pm provided at a |l ower part of

the vessel A'ggci “t’["}?rd?ﬁﬁgiidﬁ PotPed inic-8 ModedPPEssdI Ui diabRétereBlr ane

nodul e as ribe anpl e 1, whereby nethylene chloride is evaporated

of f under rgdycetheRBISHE sd@&mroﬂomaggsfa&& KRsntioy Fige 10Wwheréim of the

hol | ow fi ber nmenbrane, and the aqueous phase passed through the silicone

rubber hol 15y hhiDSF watRRRS gﬂevi@%w added! aherned stirédeviviesoat stifhiag
circulation is 15 continued at a rate of 250 nL/m nute for one hour. (3)

The cont entisjagks (@At RYEBOVIRTE Chrappdlldr Raype, hiuriictare] BRIAEIDOMN
described in Exanple 1-(3), red color mcrosphere particles (average

partg cl e siwRich/8rd provideddtital 4 ¢HrecFbaeninotes BbEOManantifasturedsbypbt ai ned
(0.0 1 g are weighed 20 and thereto is added acetonitrile (5 nL) and the

m cr ospher eIBHDON)! 454 0@ rpndlias 3obye demperatieresfolr B0 afingeadded a 0.5 M
aqueous sodium chloride solution (10 nL), and the m xture is subjected to

centrifugation darhéte@f@r; pimtitansoushutvith stirdagavdhdouirestppriang pladdsss. As
to the resulting supernatant, an absorbance at 360 nmis 25 neasured with

a spect r ophhiecapherusg pPhadbqRSedntmoight airstalindgss Sidshafiter (Qoemimgasizon)
and based on a calibration curve previously
20 um) provided at a lower part of the vessel is introduced into a
10 silicone rubber hollow fiber membrane module as described in Example
1, whereby methylene chloride is evaporated off under reduced pressure
(outer pressure: 80 kPa) to the outside of the hollow fiber membrane,
and the aqueous phase passed through the silicone rubber hollow fiber
membrane module is returned to the vessel. The circulation is
15 continued at a rate of 250 mL/minute for one hour.
(3) The contents of the closed vessel are treated in the same manner
as described in Example 1-(3), red color microsphere particles (average
particle size: 70 um) are obtained.
The microsphere particles thus obtained (0.01 g) are weighed
20 and thereto is added acetonitrile (5 mL) and the microsphere particles
are dissolved. To the solution is added a 0.5 M aqueous sodium
chloride solution (10 mL), and the mixture is subjected to centrifugation
at 2,000 rpm for 5 minutes to separate the precipitates.
As to the resulting supernatant, an absorbance at 360 nm is

25 measured with a spectrophotometer (UV-2500PC, manufactured by

Shimadzu Corporation), and based on a calibration curve previously



37 prepared, the content of vitam n Bl2 was estimted, and then in the

i ght of the weight of m crosphere particles, the content of vitamn B12 in
the m crosphere particles was calculated. As a result, it was 7.8 %

Besi des, when it was cal cul ated based on the amount of vitamn 5 Bl2 used,
the content of vitamin B12 in the mcro8ghere particles and the produced
anount of mcrosphere particles, 78 % of vitamn Bl12 used was taken into
the m crosphere particles. Mirreover, the content of nethylene chloride in
the m crosphere particles was calculated in the sanme nmanner as descri bed

in Exanpl e Qr%g)a%‘eél %he Agn?e(r[} %[U\Wtz}mu%l BOSvade ﬁ%&e&?@ aROLiPthd) To a

m xture of pa’r Vit am n aterage dianeter: 3 m

manufact ur gep o fiRNg g@ﬁ&ﬂgﬁ%@gﬁr@s el tfle QHnteAt o ?vﬁ%@upgpqwnerl

(average no ctic acid gl'ycolic acid =

PLGA 5010, | .
?i%”r}‘lene hietle por ‘A?i%% RUs ARG Ea Alsrm'ééﬁllteﬁ whi .8 %9. 75 0)

I s added ne specific grade reagent, manufactured by

Kat ayama Chem Calségiei%twh%ﬁ ithi4s talctla®d badéd dihtheéThkiolist bEvithifil vel |
with a bath type soni cator (Sonorex Super RK514BH, nanufactured by

Bandgrine) B0 etk theh%mﬂﬁmwwa%ﬁuﬂssgm $h@ﬁn10ﬁb$?het§puﬁ&dle§é‘arﬁil thel
phase. The of?l phase Is added to a 0.5 % aqueous sol ution of pol yvinyl

al cohol  ( Poy@duiddCambriiit Gicinic b phicrpaatielesCa.8 %-bilvitafrit Bl,)usedd the
m xture is enulsified with a honnggﬁr?l zg (POLYTRON Honom xerBh) Ki nemati ca

AG Li ttau,wggeaﬁeﬁriﬁt@th@fmidr@_rﬁﬁermphrmlea 500 rpmfor 5 25 mnutes to
give an O Wtype enul sion. (2) e enulsion is poured into a cylindrical

cl osed vessel (inviereover, the content of methylene chloride in the microsphere

particles was calculated in the same manner as described in Example

10 1-(3). As a result, it was 21,000 ppm.
Example 6
(1) To a mixture of fine particles (0.25 g) of vitamin B, (average

diameter: 3 um, manufactured by Rhéne-Poulenc) and a lactic acid-

glycolic acid copolymer (average molecular weight: 10,000; lactic acid :
15 glycolic acid = 1 : 1; PLGA 5010, manufactured by Wako Pure Chemical

Industries, Ltd.) (9.75 g) is added methylene chloride (specific grade

reagent, manufactured by Katayama Chemical Industries, Ltd.) (15 g),

and the mixture is mixed well with a bath type sonicator (Sonorex

Super RK514BH, manufactured by Banderine) to give a homogeneous
20 dispersion, which is used as an oil phase.

The oil phase is added to a 0.5 % aqueous solution of polyvinyl
alcohol (Poval 220C, manufactured by Kuraray Co., Ltd.) (40 mL), and
the mixture is emulsified with a homogenizer (POLYTRON Homomixer;
Kinematica AG, Littau, the diameter of tip: 20 mm) at 2,500 rpm for 5

25 minutes to give an O/W type emulsion.

(2) The emulsion is poured into a cylindrical closed vessel (inner



38 draneter: 110 mm inner volune: 1 L) of the apparatus shown in Fig. 2
wherein 500 nL of water is previously added, and it is stirred with a
magnet stirrer (1S-313S, manufactured by |keda Rika) and a Tefron- coated
stirring piece (40 mmin size) at 600 rpmat roomtenperature, 5 and

si mul t aneously, nethylene chloride is e@8porated off fromthe vessel by
using a cylindrical silicone rubber hollow fiber nenbrane nodule inserted
within the vessel, wherein nitrogen gas is passed through the inside of
the hollow fibers. The nitrogen gas is passed at a rate of 4.5 L/ m nute.

L“i ?cgﬁiaﬁ l&ﬁa@etﬁsf?@ fityapines Yoy dfife: liof e é%é%@ﬁ%%é&’.ﬁi%?é 2

fc§|b. dnb o RERDR 00, ot R B i Broffisty SOkEG And s BRAA IR, O héPFow
ijtg (r:IrFa rrﬁﬁﬁn@? ﬁg}élﬂ@%%gvsﬁl EEgr'wllf}r ane: 3%4 1\l|pa§rber of ﬁgignZOO P
fibers: 180%05%5&%&1%&(?@?&&&0"%hﬁ'él?ﬁ déﬂ 660 PR R a08M PerhpefBturd) The

contents of ose essel are tre in thé same nanner  as descri bed

in Bxanpl e g %imﬁ.ﬂteﬁiéb‘ihélﬁdnfé‘?hgred@ ShReRleICe R drate @ fflfrofiaviee age

particle size: pm (yiel By calculating in the sane nanner as
descri bed '%SEEBB?'L@SIQI? d @llﬁﬁﬁcﬁkaﬂw&&dl@ber héRowdibh@nineshbranam n B12
o]

and the content hyl ene chloride in the mcrosphere particles were
2.3 % and 3809 inserted within the vessel, wherein nitrogen gas is passed
through the inside of the hollow fibers. The nitrogen gas is passed at a
rate of 4.5 L/minute. This treatment is carried out for one hour.

10 The used cylindrical silicone rubber hollow fiber membrane

module is NAGASEP M60-1800 in a cylindrical shape of the following

specifications:

Diameter of the cylinder: 100 mm

Dimension of the cylinder: 120 mm x 120 mm
Thickness of the hollow fiber membrane: 60 um

Inner diameter of the hollow fiber membrane: 200 uym

Outer diameter of the hollow fiber membrane: 320 um

Number of hollow fibers: 1800

Effective area of the hollow fiber membranes: 0.15 m?

(3) The contents of the closed vessel are treated in the same manner

as described in Example 1-(3) to give red color microsphere particles
15 (average particle size: 59.6 pm) (yield: 78 %).
By calculating in the same manner as described in Example 1-
(3) and Example 5-(3), the content of vitamin B,, and the content of

methylene chloride in the microsphere particles were 2.3 % and 36,000



39 ppm respectively, and 90.3 % of vitam n Bl12 used was taken into the

m crosphere particles. Exanple 7 (1) To a m xture of fine particles (0.1 @g)
of vitamin B 12 (average 5 dianeter: 3 pm nanufactured by Rhone- Poul enc)
and a lactic acid- glycolic acid copolyner (average nol ecul ar wei ght:
10,000; lactic acid : glycolic acid = 89: 1, PLGA 5010, manufactured by
Wako Pure Chem cal Industries, Ltd.) (0.9 g) is added nethyl ene chloride
(2 g, and the mxture is mxed well with a bath type sonicator (Sonorex
Super 10 RK514BH, manufactured by Banderine) to give a honbgeneous

qi Con. whi o . _ . . .
| Sper sl °”lp%gg€%§€cé§§2f, %ﬁd%.@'%’i SAREmid 'E?}z%i%ed!)@%@cak%lnqmértgg Into a

cylindrica nner aneter: 8 | nner vol une: 0 nL) as

shown in Fig; WREL BhbtidlesO- © % aqueous sol ution of polyvinyl al cohol
( Gosenol E(E»gldfcd‘,asﬁanu ?? 'flacetsijr ed by The Ni ppon Synthetic Chem cal Industry

Co., Ltd.) E’;,f%%b is previously filled, and it is enulsified with a
honogeni zer RON Honom xer; Kinematica AG Littau, the dianmeter of

tip: 20 mmpqt 81?&9%{7&{5&3%fﬁlé*b&bﬁi@l%_st(o.E'FYSfaﬁaﬂiWB Qg(;ayeigaégesizgn. (2)

The emulsion’is stirred wth four stirring blrades (dianme nm

propgl | er RiihyR&er B nith apidi @R chiirddEbPRM6MBIRIuIahE) AhEVA Uadtic asid a
t hree-one notor (BL-600, manufactured by HEIDON) at 400 rpm at room

t enper at ur gl{:86lid8acid B%ngﬁ@{v%aég@molébmdﬂﬁe sl19,000lfitic acidg: Wit h
four stirring bl ades, he aqueous phase passed through a stainless nesh

filter (opgglyedlicngrl = RS 12PLTM 50190 edudacturedviey Walko FafretGhendsalel is
i ntroduced 1nto a silicone rubber hollow fiber nmenbrane nodul e as descri bed
i n Exanpl e Industries, Ltd.) (0.9 g) is added methylene chloride (2 g), and the
mixture is mixed well with a bath type sonicator (Sonorex Super
10 RK514BH, manufactured by Banderine) to give a homogeneous
dispersion, which is used as an oil phase.
The oil phase is entered into a cylindrical closed vessel (inner
diameter: 80 mm, inner volume: 800 mL) as shown in Fig. 3, wherein a
0.5 % aqueous solution of polyvinyl alcohol (Gosenol EG-40, manu-
15 factured by The Nippon Synthetic Chemical Industry Co., Ltd.) (400 mL)
is previously filled, and it is emulsified with a homogenizer (POLYTRON
Homomixer; Kinematica AG, Littau, the diameter of tip: 20 mm) at
8,000 rpm for 3 minutes to give an O/W type emulsion.
(2) The emulsion is stirred with four stirring blades (diameter: 50
20 mm, propeller R type, manufactured by HEIDON) which are provided
onto a three-one motor (BL-600, manufactured by HEIDON) at 400 rpm
at room temperature for 30 minutes.
Thereafter, simultaneously with stirring with four stirring blades,
the aqueous phase passed through a stainless mesh filter (opening size:
25 20 um) provided at a lower part of the vessel is introduced into a

silicone rubber hollow fiber membrane module as described in Example



| 40:1, whereby nethylene chloride is evaporated off under reduced pressure
(outer pressure: 80 kPa) to the outside of the hollow fibers, and the
aqueous phase passed through the silicone rubber hollow fiber nmenbrane
nmodule is returned to the vessel. The circulation is 5 continued at a rate
of 250 nL/nminute for one hour. (3) The é4Ontents of the closed vessel are
transferred into a 50 nL volune Tefl on-nmade centrifuge tube and
centrifuged with a centrifugal separator (KN 30F, manufactured by Kubota
Shoji K K) at 2,000 rpm for 5 mnutes, and the supernatant is discharged.

The prect bl apfidrdfl RUhL RIS cRIdHAE @ﬂaea\sﬁa@e& hieRFBHEQ prégbafe and

subj ected td 1 ugatlon bove |s centrifudation is

repeated thpfger é@'ﬁreagé 1@9@ {d A bl\ité]HE d‘ﬁ:ﬁ‘é Hbl%\?%’ﬂﬂﬁ%eaﬁ@rﬁH@ es are

| yophi | i zed I'n e sanme nmanner as describ in Exanple 1 to give red col or

m crospher e RYULhRSsED @eaechﬁaﬁgh%% ﬁhééne%tﬁaéﬂholﬂ&v'ﬁb&a' culating in
t he sane er as esc din EX - and Exanple 5-(3), the

content of rﬁbh%?a!heBﬁ%cﬁﬂé laf}@t&ﬁf&ffs t19é veggélhymwc@bhmi&els n the
m crosphere particles were 7.9 %and 13,500 ppm respectively, and 79.0 %

of vitan n Bldinsed tasrd@RKS50HALY Afinute ¢so6ABHAUNar ticl es. 20 Exanple 8
(1) To a mxture of fine particles (0.1 g) of vitamn Bl2 (average

dianeter: 33m nerhe ashturd dfthdhelogePankseicaratrdnzferetiintaa 80 mlycol i c
acid copol yner (average nol ecul ar weight: 10,000; lactic acid : glycolic

acid = 1 : Wlublé3efiohOmadersdraeifuge duby Ak ceRtritugatbwittnh @nttifidgalk ri es,
Ltd.) (0.9 g) is added nethylene chloride (2 g), and the

separator (KN-30F, manufactured by Kubota Shoji K.K.) at 2,000 rpm
for 5 minutes, and the supernatant is discharged. The precipitated

10 particles are washed with a small amount of water, and subjected to the
centrifugation like the above. This centrifugation is repeated three
times, and the finally obtained microsphere particles are lyophilized in
the same manner as described in Example 1 to give red color
microsphere particles (average particle size: 34.8 um).

15 By calculating in the same manner as described in Example 1-
(3) and Example 5-(3), the content of vitamin B,, and the content of
methylene chloride in the microsphere particles were 7.9 % and 13,500
ppm, respectively, and 79.0 % of vitamin B,, used was taken into the
microsphere particles.

20 Example 8
(1) To a mixture of fine particles (0.1 g) of vitamin B,, (average
diameter: 3 pm, manufactured by Rhéne-Poulenc) and a lactic acid-
glycolic acid copolymer (average molecular weight: 10,000; lactic acid :
glycolic acid = 1 : 1; PLGA 5010, manufactured by Wako Pure Chemical

25 Industries, Ltd.) (0.9 g) is added methylene chloride (2 g), and the

mixture is mixed well with a bath type sonicator (Sonorex Super



mxture i s mxed well with a bath type sonicator (Sonorex Super 41 RK514BH,
manuf act ured by Banderine) to give a honbgeneous dispersion, which is used
as an oil phase. The oil phase is entered into a cylindrical closed vessel
(inner diameter: 110 mm inner volune: 1 L) as shown in Fig. 4, wherein a
5 0.5 % aqueous sol ution of polyvinyl affdohol (Gosenol EG 40, manu-
factured by The N ppon Synthetic Chem cal Industry Co., Ltd.) (400 nL) is
previously filled, and it is ermulsified with a honogeni zer (PCLYTRON

Honmomi xer; Kinematica AG Littau, the dianeter of tip: 20 mm at 8,000 rpm

for 3 m nut | | Oyi | [ [ d
win s mgriceo LM dhehddfiiurty SR B dhive s BRI 12 Stirre
Tefron- coat L < Di 0. ' ' t 600 t

t enper at ur éﬁggﬁﬁléé%uaﬁl%ggﬁg{eéam‘g/i}gnﬂea%%%h?ori de irgme\ellap:)?g?]ed of f from
the vessel by usi ail%MLdéédfs' &?t{eréqgh%gfcg{lﬁf&?%l d185¢@VebsdiqinABMLr ane

nodul e inserted within e vessel, In nitrogen gas 1s passed

t
through thjﬁ%ﬁ?&tﬁﬁ Pio&@ﬁ,hﬁki&%ﬁﬁ%ﬁx L) A8 HIwh (i’ﬂqi‘lggf#,svdlm%rEﬁ@ﬁed at a

rate of 2. m nut e. s treatnment is carried out Tor one hour. The

useds; cyl i ndy 5o ac?théc%&@ BSldt‘i’&tP%;f poNiAY! hiddtiol TEwREABEEGMAYY rBahs -t he same

one as used in Exanple 6. 20 (3) The resultant is treated in the sane
nmanner as dgagiirdeeBy Mhe Nigpon SyhthélictCh@micalrledstip Colj Ltd§ h@0 anl)

particles (average particle size: 29.0 n). By calculating in the sane
manner as degsevivatly filledyapicitlis rahlsifidd EBxiahpd homdgonizehP@LYTRAN of
vitamn Bl12 and the content of 25 nethylene chloride in the mcrosphere
particl es vi@omomikety Kimerhati®@0AG, Littau, the diameter of tip: 20 mm) at

8,000 rpm for 3 minutes to give an O/W type emulsion.

10 (2) The emulsion is stirred with a magnet stirrer (IS-3DS, manu-
factured by Ikeda Rika) and a Tefron-coated stirring piece (40 mm in
size) at 600 rpm at room temperature, and simultaneously, methylene
chloride is evaporated off from the vessel by using a cylindrical silicone
rubber hollow fiber membrane module inserted within the vessel,

15 wherein nitrogen gas is passed through the inside of the hollow fibers.
The nitrogen gas is passed at a rate of 2.4 L/minute. This treatment is
carried out for one hour.

The used cylindrical silicone rubber hollow fiber membrane
module is the same one as used in Example 6.

20 (3) The resultant is treated in the same manner as described in
Example 7-(3) to give red color microsphere particles (average particle
size: 29.0 pm).

By calculating in the same manner as described in Example 1-
(3) and Example 5-(3), the content of vitamin B,, and the content of

25 methylene chloride in the microsphere particles were 7.3 % and 12,900

ppm, respectively, and 73.0 % of vitamin B,, used was taken into the



ppm ~respéctively, and 73.0 % of vitam n Bl12 used was taken into the 42

m crosphere particles. Exanple 9 (1) To a mxture of fine particles (0.1
g) of vitam n Bl12 (average dianmeter: 3 gm nmanufactured by Rhone-Poul enc)
and a lactic acid 5 glycolic acid copolyner (average nol ecul ar wei ght:
10,000; lactic acid : glycolic acid = 42: 1; PLGA 5010, nanufactured by
Wako Pure Chem cal Industries, Ltd.) (0.9 g) is added nethyl ene chloride
(2 g, and the mxture is mxed well with a bath type sonicator (Sonorex
Super RK514BH, nmanufactured by Banderine) to give a honbgeneous 10

di spersi on, | LS an oil phase. The oil phase is added to a 0.5
% aqueous s%%?% Hb ?B%o f/l\%i%hyl al cohol (Poval 220C, manufactured by

Kur ar ay CO-Exéﬁ#lé g(4 nm), and it is enulsified with a honogeni zer
(POLYTRON Honomi xer; Kinematica AG Littau, the dianmeter of tip: 10 nm at

2,500 rpm f(@{ 5 mdtRxkthPe ol Fird Partacle81WVL ¥Pef fHhiihoB,, (aderadee emul sion
Is poured into a cylindrical closed vessel (rnner di amet’er: 1 nm i nner

vol ume: 1 ldiaAfete PO nfzflifaet4RR] BY'RIBORe-PHulehcV@h@ra 1fcti g¥idous! y
added, and the mxture 1s stirred with four stirring blades (dianeter: 50

nm  ropel I@ycdiid ¥6rl ccgp@yh@@:t (@vesady maleciibrRebghthil ol0 GO £laptievasiad onto a
t hree-one notor (BL-600, manufactured by HEIDON) at 400 rpm at room

tenper at ur fgéy@cﬂd: agid™| 1 anePugtA 5018, Mihaogactiredi sie Wske PaperCliethicdlfl from
the vessel by wusing a cylindrical silicone rubber hollow fiber nmenbrane

modul e i ndadiuedriss] bid) (09 geissaddedvhestdiylerné thigdede 2g), sngahsed t hr ough
the 25 inside of the hollow fibers for one hour. The nitrogen gas is passed
at a mixture is mixed well with a bath type sonicator (Sonorex Super
RKS514BH, manufactured by Banderine) to give a homogeneous
10 dispersion, which is used as an oil phase.
The oil phase is added to a 0.5 % aqueous solution of polyvinyl
alcohol (Poval 220C, manufactured by Kuraray Co., Ltd.) (4 mL), and it
is emulsified with a homogenizer (POLYTRON Homomixer; Kinematica
AG, Littau, the diameter of tip: 10 mm) at 2,500 rpm for 5 minutes to
15 give an O/W type emulsion.
2) The emulsion is poured into a cylindrical closed vessel (inner
diameter: 110 mm, inner volume: 1 L) as shown in Fig. 5 wherein 500
mL of water is previously added, and the mixture is stirred with four
stirring blades (diameter: 50 mm, propeller R type, manufactured by
20 HEIDON) which are provided onto a three-one motor (BL-600,
manufactured by HEIDON) at 400 rpm at room temperature, and
simultaneously, methylene chloride is evaporated off from the vessel by
using a cylindrical silicone rubber hollow fiber membrane module
inserted within the vessel, wherein nitrogen gas is passed through the
25 inside of the hollow fibers for one hour. The nitrogen gas is passed at a

rate of 3.6 L/minute. Subsequently, with continuing the passing of



raterof 3s6 L/ mnute. Subsequently, with continuing the passing of 43
nitrogen gas under the sane conditions, water having a tenperature of 40C
is circulated into the jacket outside of the closed vessel with an
apparatus for circulating water having a constant tenperature (RM6,
manuf act ured by Rauda) to heat the enul 48on for 3 hours. Mreover, 5 with
continuing the passing of nitrogen gas under the sanme conditions, the
tenperature of the circulating water is raised to 60C and the procedure
for renoval of nethylene chloride is continued for one hour. After

conpl eti on Op?retéé% BAS B tne il SNl R0 W RASRILE reipdliatiufOBD 02S

under the sa ons enperature o rcu |ng water is

| over ed tozﬁiﬂé’ Fuﬁfgdtlﬂ%o%ﬁydgglg&hbﬁf Heloﬂh?e%%%d ekl v?@ﬁe&'i | over .

The used cy | ndr] €a I'cone ru w 1 be rane ule is the

same as usg,%, a@g%gungpéét}h%%&wlhgr& cbﬁsﬁarrﬁ%%ipéﬂ&tw@ RMTE, Manner

as describ to givered color crosphere parficles

(average p%&hﬁfgc@eaeoy fzmiagrﬁ) ‘hé Rl &%Hﬁ&ﬂo&hgfdrfB HoRirsaNMGREOREF, as
descri bed in Exanple Exanmpl e 5-(3), the content of vitamn Bl2

and 4 he CO%RHtcdHtlnﬁﬁ{égt’ﬁ@fbﬁs%ig)éf HRrogen pasTusdastiesaniaedhditks)er e
4.3 % and |l ess 20 than 200 ppm respectively, and 42.9 %of vitam n B12

used was teth’cmemﬁé&thbs ofitBE QSRAARENgawhted BSraisedip 60 t0and)the | actic
acid-glycolic acid copolyner (average nolecul ar weight: 8,000; lactic acid

(0745°G) ahd CaTTIT el i Ryarae (TR der Vet 1ve) (80 oo o
hour. After completion of the procedure, with continuing the passing
of nitrogen gas under the same conditions, the temperature of the

10 circulating water is lowered to about 5°C, and the emulsion is cooled
until about 30°C or lower.
The used cylindrical silicone rubber hollow fiber membrane
module is the same as used in Example 6.
(3) The resultant is treated in the same manner as described in
15 Example 1-(3) to give red color microsphere particles (average particle
size: 57.8 um).
By calculating in the same manner as described in Example 1-
(3) and Example 5-(3), the content of vitamin B,, and the content of
methylene chloride in the microsphere particles were 4.3 % and less
20 than 200 ppm, respectively, and 42.9 % of vitamin B,, used was taken
into the microsphere particles.
Example 10
(1) A lactic acid-glycolic acid copolymer (average molecular weight:
8,000; lactic acid : glycolic acid = 1 : 1; RG502H; manufactured by
25 Boehringer Ingelheim) (0.45 g) and taltirelin hydrate (TRH derivative) (50

mg) are weighed and put into a glass-made test tube, and thereto is



ng) are weighed and put into a glass-nade test tube, and thereto is 44
added a m xture of nethylene chloride (specific grade reagent,

manuf act ured by Katayana Chem cal Industries, Ltd.) (2 nlL) and ethanol
(specific grade reagent, manufactured by Katayama Chemical Industries,
Ltd.) (0.5 m.), and the mixture is mixeft4well with a mxer 5 (Touch M xer
MI-5 1, manufactured by Yamato) to give a honogeneous solution. This
solution is evaporated to dryness by using a block heater (Dry Block Bath
Mz 2, manufactured by Tokyo Ri kaki kai Co., Ltd.) heated at about 60C for

about 30 M HetPa HflG Ll o HRIIEHE ChMridd (sPEEc drlifcAeagphe, SOl ven

therein is revaporate y usi ng sca yophi l i zer

(Speed Bac @%ﬂgggm@a% ur%@ﬁ%’é@%{?é@%&?&l 1r§ﬁ%¥@s,tmdgirgem@? a@ld d

sol uti on. re olution 1s added thyl ene chl oride

o the resultir | : : !
(19 a”%&%@ﬁog&@ﬁﬁg‘i& g?a&é %@Q%aﬁd, mAdubsdtiged BY KakafHachhbmigal MI-5 1,

15 manuf ac to give a honbgeneous soluti'on, which is wused

as an oi | phAsRtriEs) Lﬁf(@.%lon%qiaéﬁdithe%afﬁﬁé iisr}h%;eai @)l withi & #hixelrosed

vessel (inner dianeter: I nner volunme: 1,000 nL) as shown in Fig.

5, gwerei nTaulhMKAIMACES, HPdnitfaRtufdd BY! Yainatd) & gl homegditdouss 40,
20 manufactured by The N ppon Synthetic em cal Industry Co., Ltd.) (400

m.) is prewWodusbp.filled and to which a plate-type silicone rubber hollow
fi ber menbrane nodule is provided, and it is emulsified with a honogeni zer
(POLYTRON Hononi xphis délutiohtisevaporated tadryhéss Byansihgra blodk hea®t m) at
20,000 rpmfor 3 mnutes to give an QW 25 type emul sion. The plate-type
silicone rybhgrBlockl Bath M@r2 neramsdaetured by Tokyo Rikakikai Co., Ltd.)
heated at about 60°C for about 30 minutes under nitrogen current.
10 Then, the organic solvent therein is further evaporated off by using a
scaled-down lyophilizer (Speed Back Concentrator, manufactured by
SABATO) to give a solid solution.
(2) To the resulting solid solution is added methylene chloride (1 g),
and the mixture is mixed well by using a mixer (Touch Mixer MT-51,
15 manufactured by Yamato) to give a homogeneous solution, which is
used as an oil phase.
(3) The oil phase is entered into a cylindrical closed vessel (inner
diameter: 100 mm, inner volume: 1,000 mL) as shown in Fig. 5,
wherein a 0.5 % aqueous solution of polyvinyl alcohol (Gosenol EG-40,
20 manufactured by The Nippon Synthetic Chemical Industry Co., Ltd.)
(400 mL) is previously filled and to which a plate-type silicone rubber
hollow fiber membrane module is provided, and it is emulsified with a
homogenizer (POLYTRON Homomixer; Kinematica AG, Littau, the
diameter of tip: 20 mm) at 20,000 rpm for 3 minutes to give an O/W

25 type emulsion. The plate-type silicone rubber hollow fiber membrane

module used is NAGASEP M60-290L-650 of the following specifications,



nodulte used is NAGASEP M0-290L- 650 of the follow ng specifications, 45 and
during the enul sification procedure, the nitrogen gas is passed through
the inside of the hollow fiber nenbrane at a rate of 1.2 L/mnute. 290 nm
Effective length of the hollow fiber nenbrane: Thickness of the holl ow

fi ber menmbrane: 60 m | nner dianmeter of t#&& hollow fiber menbrane: 200 pm
Quter dianmeter of the hollow fiber nenbrane: 320 pm Nunber of hol | ow

fibers: 650 Effective area of the hollow fiber nenbranes:0.15 n2 (4) After
the enmulsification, the tip for enulsification is quickly 5 taken out while

Stirring broikgUEEHS BRRNATR s BRBCHAURS B ikdecheas 1 HaBEety )" 1O

HEI DON)  whi LoV - i fact ured
by Pl bony iogRf} (eIHSiEe o B0 Hblfol Bl Mk Ahe il dralid LRI T RELU e

met hyl ene gl Qiiqde.is renoved fromthe 10 vessel. (5) After conpletion of

t he above procedure, the contents of the «closed vessel (dispersion of

m crospheres) are passed throuHh a stainless nmesh filter (opening size: 20
pm), and t rEffestiverlengtmebthe Bollaw fikesi mambraneon- made288am f uge t ube,
which is centrifuged with a 15 centrifugal separator (KN 30F, manufactured
by Kubot a Jhifkn&ss<of ttat hoRowdiberpnefmdramé: m nut es, aff wrhe supernatant is
di scharged. The precipitated particles are washed with a small anount of

wat er, and [nhdPidesheteri¢f theehsIRiW fibkH@sérmbranhé:ke t he 2bovan This
centrifugation is

Outer diameter of the hollow fiber membrane: 320 um
Number of hollow fibers: 650

Effective area of the hollow fiber membranes: 0.15 m?

4) After the emulsification, the tip for emulsification is quickly
5 taken out while the passing of the nitrogen gas is continued, and it is

stirred with four stirring blades (diameter: 50 mm, propeller R type,
manufactured by HEIDON) which are provided onto a three-one motor
(BL-600, manufactured by HEIDON) at 400 rpm at room temperature
for one hour, by which the methylene chloride is removed from the

10 vessel.
(5) After completion of the above procedure, the contents of the
closed vessel (dispersion of microspheres) are passed through a
stainless mesh filter (opening size: 20 um), and transferred into a 50 mL
volume Teflon-made centrifuge tube, which is centrifuged with a

15 centrifugal separator (KN-30F, manufactured by Kubota Shoji K.K.) at
2,000 rpm for 10 minutes, and the supernatant is discharged. The
precipitated particles are washed with a small amount of water, and
subjected to the centrifugation like the above. This centrifugation is

repeated three times, and the finally obtained microsphere particles are



repeated three times, and the finally obtained m crosphere particles are 46
transferred to a gl ass-nade sanple tube (the full volune: 5 m,

manuf actured by luchi Seieido) and thereto is added a snall anmount of
distilled water, and the m xture is |yophilized with a |yophilizer (RLE-
52ES, manufactured by Kyowa Shinku Co.)4@t 20C (outer pressure: not 5 nore
than 0.3 kPa) for 15 hours to give white color mcrosphere particles
(average particle size: 7 m. (6) The m crosphere particles thus obtained
(0.01 g) were weighed and dissolved in acetonitrile (3 nL), and thereto

was added 3r%?9t§§6¥0t§%r pgg_rgghggﬂﬁpe%@erﬁ%e%t valRGnt hs {gjdxture was

centri fggg m for € super nat ant O L) was
nmeasur e X l{br:atd | I

o epar od,  tRanCactHEd Ry 1K SRR Mhd tiBteBiis dqtb i Rl ROANE of
|1ght of thfsiNelGPAteR! Al RGNS hitfzdéeGith BN9opRIllRR(REE he

. o r H
medi cament 1 n tﬂe mcfo;phere partleglléelngs calculated” As a result, it was
8.9 % 15 BesidemaniieRtiifed'By KidwH SHigtbEs§hOPOtDgoatBptesdlréNfiot

medi canment used, the content ©Of ‘the nedicanent in the mcrosphere

par tg cl es apgrd FRaA'®BUERS) RIFTLE hofirs Tbits A1t cBRr infdssphdPe % of  the
medi canent used was taken into the m crosphere particles. (7) The

m CI’OSpherq)aﬁQfdlég_:t%rhééI%d}ﬁb% sed: (Qu®y g) were dissolved 20 in
chl orof orm™(for high performance |iquid chromatography, manufactured by

Kant o Kagake) K. K-Phd iittdspleerei perticiesshusahthined (@0ildg) Whee weighadnpl e
liquid (2 L) was neasured with a gas chronmatogram apparatus (the nmain body

GC- 14B, | ndreddaésulvéRird Acetomitrila(3 mik)] amd Siérenc zvaCaddedat 0095 Mol um
packi ng; 25 Gaschropack 54 (manufactured by G. Sci ence), columm
t enper at ur eformate buffer (pH 3.0, 2 mL), and the mixture was centrifuged at 2,000

10 rpm for 5 minutes. The supernatant (200 pL) was measured by HPCL
method, and based on a calibration curve previously prepared, the
content of the medicament is estimated, and then in the light of the
weight of microsphere particles used, the content of the medicament in
the microsphere particles is calculated. As a result, it was 8.9 %.

15 Besides, when it was calculated based on the amount of the
medicament used, the content of the medicament in the microsphere
particles and the produced amount of microsphere particles, 89 % of
the medicament used was taken into the microsphere particles.

(7) The microsphere particles thus obtained (0.02 g) were dissolved

20 in chloroform (for high performance liquid chromatography,
manufactured by Kanto Kagaku K.K.) (1 mL) to give a test sample
liquid. The test sample liquid (2 pL) was measured with a gas
chromatogram apparatus (the main body GC-14B, Integrator CR-7A,
manufactured by Shimadzu Corporation) [column packing;

25 Gaschropack 54 (manufactured by GL Science), column temperature:

150°C; the detector: FID; injection temperature: 170°C; mobile gas:



150Cy the‘detector: FID, injection tenperature: 170C, nobile gas: J 47
nitrogen gas; flowrate: 60 n./ h], and based on a calibration curve
previously prepared with a standard solution of methylene chloride in

chl oroform the concentration of the test sanple liquid was estimated, and
then in the light of the weight of nicrééphere particles used, the 5
content of the nethylene chloride in the mcrosphere particles was
calculated. As a result, it was below detection limts (i.e., below 100
ppm) . Exanple 11 To a solid solution prepared in the same manner as

d i bed i L. i10- [

(@fﬁ;Leﬁ& 'NioRtr By HHid B0 kEAR Bt BiRed ¥n DAY tive | s ACCRd
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same mann ?holf’}fg?ﬁlc rthge\-fj)ﬂdlégwaﬁ &f the (Bt s@mpdlellifiasphs Bfimated, amount

of 15 a 0. queols sol ut pol yvinyl alcohol Ts the sanme as that in

Exanpl e 10-{} thénGh ae‘t"fli%ﬁteof:ﬂ{é){}ve@ﬁtrQfsﬁﬁ@f&ﬁlﬁrrbiﬁd&fnléﬁu%égxﬁae particle

size: 7 pm. By calcu g I'n the same nmanner "as described in anpl e 10-
(6) gnd - (QontbAE of RE SRELIRlechB R HIBHHE AARMe MAckJspher Parbiclerl wae nmet hyl ene

chloride in the mcrospherée particles were 10 % and 13 ppm respectively,

and 100 % Qfaithifate8di AR B RésERSH was Heddwddtsttontliiaite (Ceosipdlemelparticl es.
Exanple 12 To a solid solution prepared in the same manner as described in

ppm).
Example 11
To a solid solution prepared in the same manner as described in
10 Example 10-(1) (double amount of Example 10-(1)) is added methylene
chloride (2 g), and the mixture is mixed well by using a mixer (Touch
Mixer MT-51, manufactured by Yamato) to give a homogeneous solution,
which is used as an oil phase. The oil phase is treated in the same
manner as described in Example 10-(3) to -(5) except that the amount of
15 a 0.5 % aqueous solution of polyvinyl alcohol is the same as that in
Example 10-(3) to give white color microsphere particles (average
particle size: 7 pm).
By calculating in the same manner as described in Example 10-
(6) and -(7), the content of the medicament and the content of
20 methylene chloride in the microsphere particles were 10 % and 130
ppm, respectively, and 100 % of the medicament used was taken into
the microsphere particles.
Example 12
To a solid solution prepared in the same manner as described in
25 Example 10-(1) (4-fold amount of Example 10-(1)) is added methylene

chloride (4 g), and the mixture is mixed well by using a mixer (Touch



25 Bxanple 10-(1) (4-fold anount of Exanple 10-(1)) is added nethyl ene
chloride (4 g), and the mxture is mxed well by using a m xer (Touch 48

M xer Mr-51, manufactured by Yamato) to give a honpgeneous solution, which
is used as an oil phase. The oil phase is treated in the sanme manner as
described in Exanple 10-(3) to -(5) excéft that the amount of a 0.5 %
aqueous solution of polyvinyl alcohol is the sane as that in 5 Exanple
10-(3) to give white color mcrosphere particles (average particle size: 7
pm. By calculating in the sanme manner as described in Exanple 10- (6) and

h The m crGisno sy (R EcERRE by Yinkl G085 nmod it ¢

100 % of t dj . k L D : r kCl es.
Evampl o 15 RRE IS AEES bl il Bilaléll Ot BICphARE i REMIR RRAIRET P

manuf act ur %}9.% fh . o} [ tate
(LHRH deri \?g?jﬁ ég?%‘;sg(% act%dr gg@by Bg?&iEﬁ/l (%\E?o(g@%ﬂ%;:bg?lgﬁ@&g%ggggﬁgﬁgﬁput
into a gl assonseg aberbulsitutidndot 6Kyl AcHEEH the Bhieuas thét fit hyl ene
chl oride (specific grade reagent, nmanufactured by Katayama Chem cal

I ndustri es, Exdiple (10-(3)tb)gite wigite206Wr fi@ephete Wirtidtes ageage |
manuf act ured by Kat ayana em cal Industries, Ltd.) 20 (0.25 nL), and the
m xture is I;a_ﬁgﬁqewel; 7Mifd), @ m xer (Touch Mxer MI- 5 1, manufactured by
Yamat 0) to ‘gi ve a honbgeneous solution. This solution is evaporated to

dryness by using By ehitilatiewtier the SatheBhrgindtadd dbbedibeddnEeampled Oby
Tokyo Ri kakikai Co., Ltd.) “heated at about 600C for about 30 m nutes under
ni trogen cyey amid -(7), the content of the medicament and the content of
methylene chloride in the microsphere particles were 10 % and 270
10 ppm, respectively, and 100 % of the medicament used was taken into
the microsphere particles.
Example 13
A polylactic acid (average molecular weight: 20,000; R202H;
manufactured by Boehringer Ingelheim) (0.225 g) and leuprorelin
15 acetate (LHRH derivative, manufactured by BACHEM AG) (25 mg) are
weighed and put into a glass-made test tube, and thereto is added a
mixture of methylene chloride (specific grade reagent, manufactured by
Katayama Chemical Industries, Ltd.) (1.3 mL) and ethanol (specific
grade reagent, manufactured by Katayama Chemical Industries, Ltd.)
20 (0.25 mL), and the mixture is mixed well with a mixer (Touch Mixer MT-
51, manufactured by Yamato) to give a homogeneous solution.
This solution is evaporated to dryness by using a block heater
(Dry Block Bath MG-2, manufactured by Tokyo Rikakikai Co., Ltd.)
heated at about 60°C for about 30 minutes under nitrogen current.

25 Then, the organic solvent therein is evaporated off by using a scaled-

down lyophilizer (Speed Back Concentrator, manufactured by SABATO)



25 Then, the organic solvent therein is evaporated off by using a scal ed-
down | yophilizer (Speed Back Concentrator, manufactured by SABATO 49 to
give a solid solution. The resulting solid solution is treated in the sane
manner as described in Exanple 10-(2) to -(5) except that the anounts of
met hyl ene chloride and a 0.5 % aqueous 48l ution of polyvinyl alcohol 5 are
the sanme as those in Exanple 10. After conpletion of the above procedure,
the contents of the closed vessel (dispersion of mcrospheres) are passed
t hrough a pol yvinylidene difluoride nmenbrane filter (menbrane dianeter: 25

mm _menbra(r,\:gr%%g1 §61¥(§3 ok, Durapore SVLP025, manufactured by N hon
MIIlipore oration) to separate 10 microsphere particles. The resulting

m crosphere partingl 5. Af1fin g{écﬁ&?%gﬁ{tﬁ% §Q tRealb@ A thROa e TRhAnkyhes (the

full volume: 5 nL,  manu ur ed luchi Seieido) and thereto is added a

smal | anou | 1f S ed th a
| yophi | i ze?i (S %EEeqS%{E%kh%&)lg?%%t(%)rgq@/l&%gﬁmg&%l@ﬁﬁag ) zftd)%oc \(Mout er

pressure: nfktHyleAB 'c¢hlbHiaR dhd akh® v uééu@%@[@tléﬁ dIl yviltiyl @leshalr
m cr osphere pké}fltlc | es (average partlgdlsle si ze: ptﬂ The m crosphere

partg cl es tdiesthebiameats {Fod®in Bxanigieghed Aftdr domplemn of titidlatiove
acetonitrile (1.5 nL) and the m crosphere particles are dissolved. To the

sol ution i pradddare, thdcohestitewfstheasiosed vebseli (dispirsion of micr¢Spherds), and
the m xture is subjected to centrifugation at 2,000 rpmfor 10 mnutes to

separ at e t hgreppassed thatoegh dhpolyeisylideng chﬂpmrrdd aembPide filter was nmeasured
by HPLC nethod, and based on a calibration curve previously prepared, the
content of (htetpbeant idiaartent2s phidRmdarbranie pee sias: 8atmpbledpoaad
SVLP025, manufactured by Nihon Millipore Corporation) to separate
10 microsphere particles. The resulting microsphere particles are
transferred to a glass-made sample tube (the full volume: 5 mL,
manufactured by Iuchi Seieido) and thereto is added a small amount of
distilled water, and the mixture is lyophilized with a lyophilizer (RLE-
52ES, manufactured by Kyowa Shinku Co.) at 20°C (outer pressure: not
15 more than 0.3 kPa) for 15 hours to give white color microsphere
particles (average particle size: 12.9 um).

The microsphere particles thus obtained (5 mg) are weighed and
thereto is added acetonitrile (1.5 mL) and the microsphere particles are
dissolved. To the solution is added a 0.5 M aqueous sodium chloride

20 solution (3.5 mL), and the mixture is subjected to centrifugation at
2,000 rpm for 10 minutes to separate the precipitates.

The resulting supernatant (200 L) was measured by HPLC
method, and based on a calibration curve previously prepared, the
content of leuprorelin acetate (LHRH derivative) was estimated, and

25 then in the light of the weight of microsphere particles, the content of

leuprorelin acetate in the microsphere particles was calculated. As a



25 then in the light of the weight of mcrosphere particles, the content of
| euprorelin acetate in the mcrosphere particles was cal culated. As a 50
result, it was 7.5 % Besides, when it was cal cul ated based on the anount
of Ieuprorelln acetate used, the content of |leuprorelin acetate in the

m crosphere particles and the produced @Bount of microsphere 5 particles,
84.5 % of leuprorelin acetate used was taken into the m crosphere
particles. Besides, the content of nethylene chloride in the mcrosphere
particles mas calculated in the sane manner as described in Exanple

10- (7). As ﬁﬁsg! éiswgs 520 ppm 10 Conparative Exanple 1 (1) The
emul si on obtarne anple 1-(1) is poured into a closed vessel (inner

diameter: 80 mm BdygEs V@hﬁgﬁt v@%cﬂehl@t%dsbém bR fiedamourhér i n 500 ni

of water is prewous y ‘ad is stirred with four stirring bl ades

(di amet er: 10QpPiRelitf 26&atEusRdl me,comeﬂi Bf ltiftdrafin et hahi ch are
provi ded onto a three-one notof (B 0, manufactured by HEIDON) at 400

rpm at r00%I&Emﬁhefélbarﬁeres%n@%égaroﬁa)ceahﬁn@)%tteﬁtzﬁmbs here!l osed vessel
are treated in the same manner escribed in Exanple 1-(3) to give

ni crpspher eAdiclds; | &5 shavofguptorelth avetageusal Wadl ikerzintofth#0 m Besi des,
the content of methylene chloride in the mcrosphere particles was

caIcuIatedlhnxbbpheagpaﬂﬁangr as described in Exanple 1-(3). As a result,
it was 31,000 ppm Conparative Exanple 2
Besides, the content of methylene chloride in the microsphere

particles was calculated in the same manner as described in Example
10-(7). As a result, it was 520 ppm.

10 Comparative Example 1
(1) The emulsion obtained in Example 1-(1) is poured into a closed
vessel (inner diameter: 80 mm, inner volume: 800 mL) as shown in Fig.
1 wherein 500 mL of water is previously added, and it is stirred with
four stirring blades (diameter: 50 mm, propeller R type, manufactured

15 by HEIDON) which are provided onto a three-one motor (BL-600,
manufactured by HEIDON) at 400 rpm at room temperature for 3
hours.
2) The contents of the closed vessel are treated in the same manner
as described in Example 1-(3) to give microsphere particles having an

20 average particle size of 80 pm.

Besides, the content of methylene chloride in the microsphere

particles was calculated in the same manner as described in Example
1-(3). As aresult, it was 31,000 ppm.
Comparative Example 2

25 (1) The emulsion obtained in Example 1-(1) is poured into a closed

vessel (inner diameter: 80 mm, inner volume: 800 mL) as shown in Fig.



25 (1) Thé emul sion obtained in Exanple 1-(1) is poured into a closed
vessel (inner dianeter: 80 mm inner volune: 800 nL) as shown in Fig. 51 1
wherein 500 nL of water is previously added, and it is stirred with four
stirring bl ades (diameter: 50 mm propeller R type, manufactured by

HEI DON) which are provided onto a threeSdne notor (BL-600, manufactured by
HEI DON) at 400 rpmat roomtenperature for 2 5 hours. (2) The contents of
the cl osed vessel are treated in the sane manner as described in Exanple
1-(3) to give mcrosphere particles having an average particle size of 73

gm  Besi desy ywiiefiPBoBNaL 05 WRIAYISChRvibhaly! difadd) diie ifTlCEaRaPHAN 10

particles was ca ated 1nt a mannei as described in Exanple 1-(3).

As a resul gy} &m@@%&% (RPN tETEY AirnY Hrvel®t R & pel mdhafaitursdon

obt ai ned in EX i's poured into a closed vessel (inner dianeter:
80 mm i nnedy KEIHN) 3HcHldredSrovid¥d ohlo Bl threelénd mibtorqBN-600, ML of wat er

I's previousl’y added, and it is stirred with four stirring blades (dianeter:

50 mm progahhefadhirkdhy HEIDEN] dt 490 BymHd EXdh tefhéraatee foo2i ded onto a
t hree-one notor (BL-600,7 manufactured by HEIDON) at 400 rpm at room

t enper at ur endg¥s.one  hour. 20 (2) The contents of the closed vessel are
treated in the sane nmanner as described in Exanple 1-(3) to give
m crospher g2par t ItHeesohtrit8dfdthe closedyesselrdiectreaséd in the Sangenmdaeseres,

the content of nethylene chloride in the mcrosphere particles was

cal cul at ed dsndéeseribedren Exaraplad - (3§ 2o rgive thicnosplaenel particles having an
average particle size of 73 um.

Besides, the content of methylene chloride in the microsphere

10 particles was calculated in the same manner as described in Example
1-(3). As a result, it was 39,000 ppm.

Comparative Example 3
(1) The emulsion obtained in Example 1-(1) is poured into a closed
vessel (inner diameter: 80 mm, inner volume: 800 mL) as shown in Fig.

15 1 wherein 500 mL of water is previously added, and it is stirred with
four stirring blades (diameter: 50 mm, propeller R type, manufactured
by HEIDON) which are provided onto a three-one motor (BL-600,
manufactured by HEIDON) at 400 rpm at room temperature for one
hour.

20 (2) The contents of the closed vessel are treated in the same manner
as described in Example 1-(3) to give microsphere particles having an
average particle size of 77 um.

Besides, the content of methylene chloride in the microsphere
particles was calculated in the same manner as described in Example

25 1-(3). As a result, it was 50,000 ppm.

Comparative Example 4



25 1+(3). ‘As a result, it was 50,000 ppm Conparative Exanple 4 52 (1) The
enmul si on obtained in Exanple 6-(1) is poured into a closed vessel (inner
dianeter: 110 nm inner volume: 1 L) as shown in Fig. 2 wherein 500 nL of
water is previously added, and it is stirred wwth a nagnet stirrer

(1S-3DS, manufactured by Ikeda Ri ka) and2a Teflon-made 5 stirring piece (40
mmin size) at 600 rpmat roomtenperature for one hour. (2) The contents
of the closed vessel were treated in the same manner as described in
Exanmpl e 1-(3), but mcrosphere particles could not be obtained since the

t ent |
gg? a?gedm?z Egarrpl é%hwgﬁpségtﬁg}rgg %k%ﬁifﬁﬁwg %ré%dgi@g?;w%}eggeter
50 nm  propgkLér ﬁ}%%ggam@muflaﬁf e i lgﬁgr bﬁlﬂ%} 1%@%&6@@&9»‘1@@ onto a

t hr ee- one notor manufac- tufe i'n a cl osed vessel

(inner dia &reln%(f'?ﬁL PPW%{teiLg’s X)?E\H%sl Q.@dEH) afdl iEhe\Whirted hiith a3 at 400

rpm at roomterrperature our he contents of the closed

vessel are xﬁﬁgﬂéﬁguﬁért (NS-3BEE piRIctuASd @?q&@aaqdlkld) andEPTloh-n3adé O
give mcrosph8re particles having an average particle size of 35.4 m 20

Besigles, b)étﬁ@ir%lbﬁéderlgol firh A $iPERath800 Gpna atdosed itdeferatufeximte 1- (3)

and Exanpl e 5-( the content of vitamn Bl12 and the content of nethyl ene
chl oride i gl mcrosphere particles were 7.9 % and 22,600 ppm
respectively, and 79.2 % of vitam n Bl2 used was taken i nto the
m cr ospher g2par t ifHeesontents of the closed vessel were treated in the same

manner as described in Example 1-(3), but microsphere particles could

not be obtained since the content was not solidified.

10 Comparative Example 5
(1) The emulsion obtained in Example 7-(1) is stirred with four
stirring blades (diameter: 50 mm, propeller R type, manufactured by
HEIDON) which are provided onto a three-one motor (BL-600, manufac-
tured by HEIDON) in a closed vessel (inner diameter: 80 mm, inner

15 volume: 800 mL) as shown in Fig. 3 at 400 rpm at room temperature for
1.5 hour.

(2) The contents of the closed vessel are treated in the same manner
as described in Example 7-(3) to give microsphere particles having an
average particle size of 35.4 um.

20 Besides, by calculating in the same manner as described in
Example 1-(3) and Example 5-(3), the content of vitamin B, and the
content of methylene chloride in the microsphere particles were 7.9 %
and 22,600 ppm, respectively, and 79.2 % of vitamin B,, used was
taken into the microsphere particles.

25 Experiment 1

Into a closed vessel (inner diameter: 110 mm, inner volume: 1 L)



25 Experinent 1 Into a closed vessel (inner diameter: 110 nm inner vol une:
1 L) 53 as shown in Fig. 2, a 1 % aqueous nethylene chloride solution (1 L)
was added, and it was stirred with a magnet stirrer (1S-3DS, manufactured
by I keda Ri ka) and a Tefl on- nmade stirring piece (40 mmin size) at 600 rpm
at roomtenperature, and sinultaneousl y93nmet hyl ene chloride was 5
evaporated off fromthe vessel by using a cylindrical silicone rubber

hol | ow fi ber nmenbrane nodul e (NAGASEP Mb0- 1800, cylindrical shape)

inserted within the vessel, wherein nitrogen gas was passed through the

i nsi de of the ' r ' t
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described 1'n 1, provided that the concentration of nethyl ene

chloride i rf{p%‘é att%oﬁ@'ﬁ&h?)ekhﬁhieﬁ R siralitdnebedly)i rhbtigyleakidhlatidenwasr ve

prepared w an aqueous nethylene chloride sol'ution). Based on the change
of tdie congambratdPafrtihemeaie védirl B8 asitiga eytihdrival ailiesié Fabben of

net hyl ene chforide at the tinme of sanpling to the concentration of

net hyl ene (Ui depahentbridie RRERIIBINAIGASBRIM6D- 1800, thlinddicabshape) ut i on
being 20 calculated as 100), and the data in correlation with the tine

were pl ot tindertEHewithap the hessel) tvhewin irsitrsipenngasiwhisgpa ssecErtpenigiethe 2 The
taltirelin-containing mcrosphere preparations obtained in Exanple 10, 11
and 12 wer dneihsofithietioliowMiben apdrabeate. 2Tha, nitrogen gas was passed at a
rate of 130 mL, 520 mL, 1.8 L, and 4 L/minute.
10 With the lapse of constant time, a small amount of the test
sample liquid was taken at each time, and the concentration of
methylene chloride in the sample liquid was measured with a gas
chromatogram apparatus (measured in the same manner as described
in Example 1, provided that the concentration of methylene chloride in
15 the sample liquid was calculated with a calibration curve prepared with
an aqueous methylene chloride solution). Based on the change of the
concentration thereof, the percentage of the concentration of methylene
chloride at the time of sampling to the concentration of methylene
chloride before the passing of a gas (1 % of the aqueous solution being
20 calculated as 100), and the data in correlation with the time were
plotted. The graph thus obtained is shown in Fig. 6.
Experiment 2
The taltirelin-containing microsphere preparations obtained in
Example 10, 11 and 12 were considered as Microsphere 1, 2, 3,

25 respectively, and 10 mg of each Microsphere was precisely weighed and

transferred to a test tube with a cap (volume: 15 mL). To the tube was



25 respectively, and 10 ng of each M crosphere was precisely weighed and
transferred to a test tube with a cap (volune: 15 nL). To the tube was 54
added a 1/ 30 M phosphate buffer (pH 7.4, 10 nL), and seal ed. The tube was
put onto a rotating cultivator (RT-50, manufactured by TAITEC) in an air
t hernmostatic chanber (Biochamber BC- 1288, manufactured by TAI TEQ)
controlled at 37'C, and shaken at a 5 rotational speed of 25 rpm Wth the
| apse of prescribed tine, the eluate was taken, and then, additional 1/30
M phosphate buffer of the same volume of the eluate taken was added, and

further th%gjcfeﬁ?olpr{:&fmﬁﬂﬁh%% HWaké b&ﬁfb?a(@gfm f."fo gﬂ%);fr&nc?fseéﬁzhti PiEid N
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| euprorelin acetdte-containing mcrosphere preparation 15 prepared in

Exanpl e 13 yas $20%idarSE TAITECY conRPslle& 4t 37°¢, AnkDshaken eafa was pr eci sel
wei ghed anclwtarans@redﬁ}?o tegtb;tubes with a cover (volune: 15 nl). To y

fivestest tughgfonhl Sped @Y es fptus WRBAIRIlaR® ofasibedribell Githdyithieosphat e
buffer (pH 7.0, 10 ng) cont ai n[ihﬁg 0.05 % Tween 80 (pol yoxyetdr¥|y| enep

sorbi tan fallhixtawsd e, arfthiiéachdditibring PBOM phdspdrate duefféoof the d. ) .
Each test tube was seal ed, and put onto a rotating cultivator (RT-50,

manuf act ur eghrAy voRhie®f the alusstertakehewas sidated; artthfinghet Bhocasmber BC
1200, manufactured by TAITEC) controlled at 37'C, and shaken at a

{ 8}32“ \i/vggalt a%gﬁegﬁ??s gxaiéemepeh\lédl The ampunt of taktietini disdolviing owdtdmone

microspheres were calculated by HPLC method. The accumulated

10 amount of taltirelin (TRH derivative) dissolving out from microspheres at
37°C was plotted in correlation with the dissolution period. The graph
thus obtained is shown in Fig. 7.
Experiment 3

The leuprorelin acetate-containing microsphere preparation

15 prepared in Example 13 was considered as Microsphere 4, and 5 mg
thereof was precisely weighed and transferred to test tubes with a cover
(volume: 15 mL). To five test tubes with a cover thus prepared was
added a 1/30 M phosphate buffer (pH 7.0, 10 mL) containing 0.05 %
Tween 80 (polyoxyethylene sorbitan fatty acid ester, manufactured by

20 Nikko Chemicals Co., Ltd.). Each test tube was sealed, and put onto a
rotating cultivator (RT-50, manufactured by TAITEC) in an air
thermostatic chamber (Biochamber BC-1200, manufactured by TAITEC)
controlled at 37°C, and shaken at a rotational speed of 25 rpm. With
the lapse of prescribed time, each one tube was taken out, and

25 centrifuged with a centrifugal separator (KN-30F, manufactured by

Kubota Shoji K.K.) at 2,000 rpm for 10 minutes in order to precipitate



25 centrifuged with a centrifugal separator (KN 30F, nmanufactured by
Kubota Shoji K K') at 2,000 rpmfor 10 mnutes in order to precipitate 55
m crospheres. The supernatant was di scharged, and in order to distil

noi sture off, the tube was kept in a glass-made desiccator containing
silica gel under reduced pressure overndght. To the tube was added
acetonitrile (1.5 nL) and the dried m crosphere particles were 5 dissol ved.
Then, a 0.5 M aqueous sodium chloride solution (3.5 nL) was added to the
tube, and the tube was centrifuged at 2,000 rpmfor 10 mnutes to renove

the pr ec;g%ﬁ%&ggﬁahér&es. r elg-rt% %ilgggrﬁé{'&q{tr\g&é‘@isé%j:s Lhntes, BRASUESidin HPCL

nmet hod, on"a c I'on curve pre y prepared, the content

of | eupr or GhbRAREL! Ehe HBLNRAS KBpt i o BlASCARRINGEARCHRT Utaliligd. The

amount of [euprorelin acetate i ne n the mcrospheres at 37C was
plotted ing ' ' diSsObyLiABhRE! Todhe HhbedwaBadduds
obt ai ned iss(flg%%ﬁ%‘agf\ge‘!eagf’em%SSTRl AL AVAPLABLILI TY 15 According to the

met hod of RGN BTN RN ARRATHGERSpHRIE R (RIEs Wegpar ed T om an
enul sion by an in-water drying nmethod w th a gas separation nenbrane, by

supp Vi NG 3fis&EEI OFhehO™® 0% M ahfieos dodsufEBhlcride abthitide (SI0AIL)C

solvent is evaporated off into thé other side thereof, the organic sol vent

can be rengygg aagetaigEine Abb&fdnd ithsttube wad ceuttingged he 20000 et ésr can be
done in a closed system and hence, the inproved process of the present

invention im) eXniRBEItY remi®e tienprédipitateam The reswitirggnsapeahatardw@OiOnt . 56
CLAIMS 1. A nmethod for preparation of mcrosphere from an .
uL) was measured by HPCL method, and based on a calibration curve
previously prepared, the content of leuprorelin acetate remained in the
10 microspheres was estimated. The amount of leuprorelin acetate

remained in the microspheres at 37°C was plotted in correlation with

the dissolution period. The graph thus obtained is shown in Fig. 8.

INDUSTRIAL AVAILABLILITY

15 According to the method of the present invention, when micro-
spheres are prepared from an emulsion by an in-water drying method
with a gas separation membrane, by supplying an emulsion from one
side of the membrane and the organic solvent is evaporated off into the
other side thereof, the organic solvent can be removed extremely

20 efficiently, and further the procedures can be done in a closed system,
and hence, the improved process of the present invention is extremely

excellent also from the environmental viewpoint.



enmul si on wherein an organi c phase containing an organic solvent 5 having a
boiling point lower than that of water and a hardl y-water- sol ubl e pol yner
is enmul sified in an agueous phase by an in-water drying nethod, which
conprises: (1) using an apparatus equipped with a gas separation nenbrane;
10 (2) supplying the enulsion to be subPécted to in-water drying to one
side of said gas separation nenbrane; (3) evaporating off the organic
solvent contained in said enmulsion to the other side of said gas
separation nmenbrane. 2. The nethod for preparation of m crosphere according
to 15 claim1, wherein a medicanents |sa §qtgi ned in the organic phase. 3.
The nmethod for preparation of mcrosphere according to claim?2, wherein
the nedicanent is contained in a ratio of 0.01 to 60 % by wei ght based on
t he wei ght of the hardly-water-soluble polynmer. 4. The nethod for

preparation of mycrosphehfethcAdodigigphfatief &'!rﬁidfb§Pth€f1@rﬁ arh the
medi canent - cont ai ni ng organi ¢ phase, the nedicanent is directly dissolved

or di sper segnilsign WhetdiR P brididic pladsk ¥omadifing anubtgariielspiiint or an
aqueous solution of the nedicament is dispersed in a solution of the

har & y- wat Qfavﬁﬁ%@b@ilir@bﬁﬁﬁﬂoﬂr thize sl ebwatér aad haedlyedrater-di sper sed
I n a dispersed 25 solution of one hardly-water-sol uble polyner, which

sol ution i soldbRPE6BANET 15 éminbificdoin ah Adiey phasdlby satinrwatdrubl e
polymer. 57 5. The nethod for preparation of m crosphere according to any

one of cl aid@iﬁ%mmowmﬂcéﬂm riwasell y-wat er-sol ubl e polynmer is a
har dl y-wat er - sol ubl e bi odegradabl e pol yner.

(1) using an apparatus equipped with a gas separation
membrane;
10 (2) supplying the emulsion to be subjected to in-water drying

to one side of said gas separation membrane;
(3) evaporating off the organic solvent contained in said

emulsion to the other side of said gas separation membrane.

2. The method for preparation of microsphere according to
15 claim 1, wherein a medicament is contained in the organic phase.
3. The method for preparation of microsphere according to

claim 2, wherein the medicament is contained in a ratio of 0.01 to 60 %
by weight based on the weight of the hardly-water-soluble polymer.
4. The method for preparation of microsphere according to
20 claim 3, wherein in the medicament-containing organic phase, the
medicament is directly dissolved or dispersed in a solution of the
hardly-water-soluble polymer, or an aqueous solution of the
medicament is dispersed in a solution of the hardly-water-soluble
polymer, or the medicament is dissolved or dispersed in a dispersed
25 solution of one hardly-water-soluble polymer, which solution is

dispersed in a solution of another hardly-water-soluble polymer.



6. The net'hod for preparation of m crosphere according to 5 claimb5,
wherein the hardly-water-sol ubl e bi odegradabl e polyner is a polyester of a
hydroxyfatty acid. 7. The nethod for preparation of mcrosphere according
to claim®6, wherein the polyester of a_hydroxyfatty acid is one or nore
menbers selected froma polylactic aci dd7a copol ynmer of lactic acid 10
glycolic acid, and a copol yner of 2-hydroxybutyric acid-glycolic acid. 8.
The nethod for preparation of mcrosphere according to any one of clains 1
to 7, wherein the hardly-water-soluble polyner is contained in the organic

phase in a concenrati §heOfhePhld b Qgg/?é%f(on‘b‘?irﬂi&oséﬁer% addsrdigghed for

preparation of microsphere according t any one of clains 1 to 8, wherein

the organi r@fbf{%tf cliﬁﬁef%é‘q @ BoWHergin B9 ParliBRattPablibletpslinyatierai s one

or nore ne s sel ect froma hal ogenated aliphatic hydrocarbon sol vent,

an al i phat iyt @) S¥ateplatiible bilepradabicpblydnecar bon sol vent, an aliphatic
hydr ocar bon sol'vent, a 20 ketone sol ven?, and an ether solvent. 10. The

met hod for preparmgti on Tofe Hieth6d[Ebe peepatatichh ©f rhicrosphere Accoretingito t he
organi c solvent has a boiling point |ower by 15 to 60C than that of water
undeg the laRAStwherdiAatiet hardlythatetoslubld biddegraeahde pbbympr épar at i on
of m crosphere according to 25 claim9, wherein the organic solvent is one
nmenber sel gsdlpester @ha hptdhyshydaetycadidr i de, chlorof orm and ethyl acetate. 58

12. The method for preparation of mcrosphere according to any one of
claims 1 to 11, wWherei Thenmethoddos prepasmtiontodimicroaphere aneemlingrtber s
sel ected froman enul sifying agent, a pol yethyl ene
claim 6, wherein the polyester of a hydroxyfatty acid is one or more
members selected from a polylactic acid, a copolymer of lactic acid-
10 glycolic acid, and a copolymer of 2-hydroxybutyric acid-glycolic acid.

8. The method for preparation of microsphere according to
any one of claims 1 to 7, wherein the hardly-water-soluble polymer is
contained in the organic phase in a concentration of 0.01 to 90 % by
weight.

15 9. The method for preparation of microsphere according to
any one of claims 1 to 8, wherein the organic solvent having a boiling
point lower than that of water is one or more members selected from a
halogenated aliphatic hydrocarbon solvent, an aliphatic ester solvent,
an aromatic hydrocarbon solvent, an aliphatic hydrocarbon solvent, a
20 ketone solvent, and an ether solvent.

10. The method for preparation of microsphere according to
claim 9, wherein the organic solvent has a boiling point lower by 15 to
60°C than that of water under the evaporation conditions therefor.

11. The method for preparation of microsphere according to

25 claim 9, wherein the organic solvent is one member selected from

methylene chloride, chloroform and ethyl acetate.



castor oil derivative, a polyvinylpyrrolidone, a polyvinyl alcohol, a 5
carboxynet hyl cel lul ose, a nethylcellulose, a lecithin, and a gelatin. 13.
The net hod for preparation of mcrosphere according to any one of clains 1
to 12, wherein in the enul sion, the aqueous phase is contained in a volune
of 1 to 10,000 tinmes of the volune of tHh8 organic phase. 10 14. The nethod
for preparation of m crosphere according to any one of clains 1 to 13,
wherein the gas separation nmenbrane is a pervaporation nmenbrane or a
porous nenbrane. 15. The nethod for preparation of m crosphere according to

cl ai m 14, wherei h | QH[ ' o We'c

ggnb\r/ﬁne. 16. Thg%fhg‘g‘%f’i’r%@{"ggg%{?ﬁn 0t mog?%%ﬁﬁgé% ac%géddlia%éﬁg claim
, er ei ti | 4l s : [

mororanc. 2RV GRE ST SRR 2 to°T IWHABRE S pfuBbLs g ol BT 2 )"

any one of bl Biechhel0sdfict Bl DA RRyRAPRRBAL CpBRBARORM < used i 1

the formo 0 gas separation nenbranes whic form hol | ow

fibers. 18...5hs gﬁtdy}ﬂ,gtwe,ﬁg&g&g&ﬁ?&rﬁlidﬂﬂé,%EB%}?‘Fﬁl@bﬁbD,gat o any one

of claims 1 to 17, whereln oration of 'the organic 25 solvent to the

othey side c%ﬁ‘b&%zrrﬁ@ﬁ RRA¥G4d, Q) iR ERIIRI1bSe Calédieling Wind Bygedatinieans or a
conbi nati on of ans }srel ected from ggssi ng a gas on '};8 sai d}got her side of

the gas separati g3, menoanfetH84 TP pREPartiSHiIol mivrbsphetelacedrdihg tgas
separation nmenbrane, or warmng the enulsion which is supplied to one side
of the gas s§fpahaldf@aiiReNr &1€2, wherein in the emulsion, the aqueous phase

is contained in a volume of 1 to 10,000 times of the volume of the

organic phase.

10 14. The method for preparation of microsphere according to
any one of claims 1 to 13, wherein the gas separation membrane is a
pervaporation membrane or a porous membrane.

15. The method for preparation of microsphere according to
claim 14, wherein the gas separation membrane is a pervaporation

15 membrane.

16. The method for preparation of microsphere according to
claim 15, wherein the gas separation membrane is a silicon-rubber
pervaporation membrane.

17. The method for preparation of microsphere according to

20 any one of claims 14 to 16, wherein the gas separation membrane is
used in the form of a bundle of plural gas separation membranes which
form hollow fibers.

18. The method for preparation of microsphere according to
any one of claims 1 to 17, wherein the evaporation of the organic

25 solvent to the other side of the gas separation membrane is carried out

by one means or a combination of means selected from passing a gas on



19. The nmeéthod for preparation of mcrosphere according to 5 claim18,
which is carried out by circulatively repeating the steps: taking out a
portion of the enulsion; supplying the sanme to one side of the gas
separati on nenbrane; and then returning a resulting liquid after the
evaporation of the organic solvent intoS®he original emulsion. 20. The

nmet hod for preparation of m crosphere according to 10 claim 19, wherein
only a portion of the aqueous phase which is obtained by filtration of the
enul sion is taken out, and then supplying the sane to one side of the gas

ti . - :
ccor i g SB BN sifyof FedT SepHrain BhERR AL B bn Bk anR SER

or el n a bun gas separation

menbranes lpe R fdof &Edér%lg% lgslePWrHigﬁr el J‘él?x‘;]e‘,j ’orewgrrﬁirﬁ’ée) thé @Malsiéhe

enmul sion for 1'n water s 1 ntroduce to the 1 nnér side of said gas

separ at | On  ERANEANES N € ok AYBAUB ddPeEsartibr feidbianee sol vent |

evaporated to sal d gas separation nenbranes. 22. The net hod

for preparation qig m creEPRRIR0AT6L pFEPArdtion 80 nticeb&phSre Hb&sringtthe
bundl e of gas separation nenbranes which form hollow fibers is imrersed in

t he £l si aindN®, tWBR PRSSAM B o8 byotirchil@ively eépéating the saepsgas
separati on nenbranes which formhollow fibers to evaporate the organic

sol vent. 23akiieotielahpdrticr o theanatlsion pbupblyingthersametorchiengideoof 25 any
one of clains 1 to 22, wherein the organic solvent to be evaporated is

recovered QheGR® sépsaratidly nidinbrénegand theparetusningatresuttingliqgdd The

nmet hod for preparation of mcrosphere according to any one of claims 1 to
23, wher ei mftdiethy eRgsdriaition of thie orgemicesaivayt ato the erighraldmubgonet hod i s

carried out in a closed system
20. The method for preparation of microsphere according to
10 claim 19, wherein only a portion of the aqueous phase which is
obtained by filtration of the emulsion is taken out, and then supplying
the same to one side of the gas separation membrane.
21. The method for preparation of microsphere according to
claim 19 or 20, wherein a bundle of plural gas separation membranes
15 which form hollow fibers is used, and a portion of the emulsion for in-
water drying is introduced into the inner side of said gas separation
membranes which form hollow fibers and the organic solvent is
evaporated to the outside of said gas separation membranes.
22. The method for preparation of microsphere according to
20 claim 18, wherein the bundle of gas separation membranes which form
hollow fibers is immersed in the emulsion, and then passing a gas on
the inner side of said gas separation membranes which form hollow
fibers to evaporate the organic solvent.
23. The method for preparation of microsphere according to

25 any one of claims 1 to 22, wherein the organic solvent to be evaporated

is recovered by cooling or by absorbing to a porous substance.



25. An apparatus for preparation of nmicrosphere by an in- s water drying
nmet hod from an enul si on wherein an organi ¢ phase containing an organic
sol vent having a boiling point |Iower than that of water and a

hardl y-wat er- soluble polynmer is enmulsified in an aqueous phase, which
consists of the follow ng elenents: (a)6@ vessel for filling an emul sion;
10 (b) a gas separation nenbrane nodul e for evaporating off an organic
solvent fromthe enmulsion; (c) a circulation pathway whi ch connects the
vessel and the gas separation nenbrane nodule; and (d) a punp for

circulating the oml si gl {HoHEH 1bPBréBsratich SERHCALsORe ARG IRGU! ©.

26. An apparatus for preparation o rosphere by an in- water dfying

met hod from oﬁg‘&%?él&meﬂoe'@@ FhePEFANE pP ti&?@fﬁhi@k@%)l@&eobﬁ@@i c
sol vent havifig a boi [1ng point 1ower than Pha of water and a

har dl y- wat ﬁ:wéﬁér%%aﬁ%é!&f‘dd IS cBTiéS OLitad 4 Blovedagters 20 phase, which

consists of the follFowng elenments: (a) a vessel for filling an enulsion;
and (b) a gas sepay ati g GPPRFANE Rdredalratibd ofMiEeRPHete Byh@naaul sion in

the vessel for evaporating an organic solvent fromthe  enul sion.

5 water drying method from an emulsion wherein an organic phase
containing an organic solvent having a boiling point lower than that of
water and a hardly-water-soluble polymer is emulsified in an aqueous
phase, which consists of the following elements:

(@) a vessel for filling an emulsion;
10 (b) a gas separation membrane module for evaporating off an
organic solvent from the emulsion;

(c) a circulation pathway which connects the vessel and the

gas separation membrane module; and

(d) a pump for circulating the emulsion through the gas
15 separation membrane module.
26. An apparatus for preparation of microsphere by an in-

water drying method from an emulsion wherein an organic phase
containing an organic solvent having a boiling point lower than that of

water and a hardly-water-soluble polymer is emulsified in an aqueous

20 phase, which consists of the following elements:
(@) a vessel for filling an emulsion; and
(b) a gas separation membrane module to be immersed in

the emulsion in the vessel for evaporating an organic solvent from the

emulsion.



