;eBevsI T t6T& . 20 Oct 2004 ~ DESCRI PTI ON *gooooa* METHOD AND APPARATUS
FOR PREPARI NG M CROSPHERES TECHNI CAL FI ELD The present inventi ov:} %q@qt to
“an i nproved nethod for preparation of m crosphere by an in-wate r 'n@
met hod, nore particularly, the present invention relates to a nethod for
preparati-on of mcrosphere froman enul si on wherei n an organi
containing an 10 organi c solvent having & boiling point | O\A/erwllmmmnmwm”’m
water and a hardly-water-sol uble polyner is emulsified in an aqueqys . phase
by an in-water drying nethod, which conprises using an apparatus equl pped
Wi th a gas separation nenbrane, supplying the enulsion to be Z’m Hﬂ[
in-water drying to one side of i S rati.gn 15 nmenbran " Hﬁmﬁﬁ Q’M g
of f the organic solvent to the gﬁrgrgggl%geygg« @QI gas separation nmenor )

by which the organic solvent can effectively be renoved, parti cul a*FWZ*s.ai d
process being able to be carried out in a closed system and hence being

ART So-cal 1 ed Mkt O AP PP RRBURIR SR PREPARING GRS PHRRER Toas

for preparation of mcrosphere, which conprises dispersing an organic phase
prepared by dissolving a hardly-water-sol uble polynmer in 25 a

wat eg-i nmm SPE@W@@?E'IELW' vent having a boiling point |ower than that of
wat er in an aqueous phase to prepare an O Wtype enulsion, - 2 0 OCT 200 2

and thereafter rwg?ssémirﬁre&@wﬁraaga@m ahSi e%l\‘/(:t‘%rd £1e4ABH Sor

JP-B-5619324; JP-A-63-91325; JP-A-8-151321; Kaj ain et al., "Controlled
Drug Del i vespepayaBodderae@dphere! iy aRShewhtdey g methdE! Preparative
Approaches?f,5 ug Devel opmentp%and tI}S’ndustrif{] pﬂg}ﬁngcy, 5 v’oﬁbtr% (No. 8),

bb. 703 72750 tRARarip the G dbRbHierto x6Rx129 1 B inelRod-Br 234 ariGRG!

JP- A-6-211648). ThiS in-water drying nmethod includes a problemof renoval

of the orgamicrospheestiram ah @malsienwhersigHibr@aicyihose chataif e, it
is known a nmethod conprising ermulsifying a 10 drug-containing solution of a
pol ygrer i n organyt sobretitl lnaviag 4 boiinggotet fovwdatemnbat bewdteravidig t he
organi c solvent by stirring the enulsion as it stands at roomtenperature
for a | ong lperdlpdwatertsolmble fpolyrhier As @n2@lsifidd imtan aqubotisgsteamedbyp@urt o thi s
nmet hod, the nmethylene chloride is released in the air through the aqueous
phase. 15 An-egttadryimg orethodywitichrcomiprises nming mrahppatauts equippddssued
by Kanagawa Prefecture, whereby the concentration of nethylene chlpride at
an exhaust withta ghsscparation imembranet swpplyisg thaendalsipmtodie , " A
Handbook for Proper Use of Chlorocarbons” issued by Chlorocarbon Sanitary
Soci ety, l19uB)jectadito imtwateralnying ¢osuiessidesoenidigas sepamsttion ene chl ori de,
chloroformare defined as class | chem cal substance which shall be well
cont% ol | ed ByMbranG AyaPoratings she gapic polvant ita theqthgrsidenshisaid of

t he di schargi ng anount etc. of specifjc chem cal substances into .

envi r onmentS&hACPHFHIRE RReMDEANE o RY Bhich Hhe srgapicniqleemtican effacively 1999

as well as by an Order of the.25 CGovernnmeni jssued on March 29, 2000.
be removeg, particularly sal%) process Be{ng abﬁle 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 corﬁprises 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,



Actordingly, when organic solvents such as nethyl ene chloride 20 OCT 2004
3 are._used on an industrial scale, it is required to treat it b¥0u8iTh@Wan
~apparatus in a closed systemso that the discharge thereof into outside
shall be well controlled in view of environnental problem Moreover, where
t he produced m crospheres are used as a% nmedi cament (particularly,
parenteral utilization such as injection, depots), it is essential to
sterilize in the step of preparation thereof and it is required to prepare
the m crospheres in a closed systemso as to prevent from contam nation of

m crobes oghdl tierekfitr 2eARIVGE thelorgRic 8biviend (ENefdH SEARPYUE Pb-BVSEANI C

solvents, it 10 has been studied to prepare m crospheres in a closed

system Foll9624IFeA-83 13D, JRA8-054321 ; Kigeev I REn@H1actCHi@sl11ed an
out er aqueous phase and a gaseous phase as well as the rate of circulation

and stirri Dgugpbeliverfy by BiodegiainislePal9 (st Pevdbds Diffdiehta gas is bl own
onto the enmulsion in order to increase the noving speed of gas at 15 the

surface of PréarenivesAppréadhes”) BrivgdD2ralbbhentanevRidudtyidl ihdmhhey, of
bl owi ng of gas onto the surface, the surface area of the emul sion to be

conbact ed wok 24 (No.gB)s s 1034725, 1 308l SPNT60-10053 6)UP-@repgholg16enDve
efficiently the organic solvent for practical use, and further it has very
| ow ef fi ci dReA-DR2AIHd F; e dIP-AF6-Z IG4@ni ¢ sol vent so that a | arge anmount
of the aqueous phase is required in order to prevent coagul ation of the
emul si on. Thus, Thisimmdted drgingnpthioidemdldes iat prabléind bf cedrioviad of
mniaturize the apparatus for the preparation of mcrospheres. On the other
hand, it ithapsgapicopdvent iroviese of epoinomemeasalnpoltutine. f or the pur pose of
di sposal of waste water and recovery of vapor of organic solvent (cf., Ind.
Eng. Chem Res., Fopexagmlepit is3gnownoa metipdoomprisiag)ematsifyingra have
been found some nenpranes for separation and recovery of chlorine organic
solQent s (€rug-ypniamingamution of & 1eiyEEr ippnathyRewsdhloride i 8an57274,
JP-A-9-117642). 5 DI SCLOSURE OF | NVENTI ON The present invention is to

provi de an2@HpPESdNanstdad then remeoyingthe pegapicessdvent by ssirring thepher es
by a known in-water drying, nmethod, where the renoval of the organic

sol vent, whimdHsIoRsapdkhtands abreein temperataye, fos snlang pariodeef dme (@fth hi gh

efficiency_and further. 10 can be carried out in a closed syste and hence
y@é—ﬁ—rgdéglaé?, etc.), gut according to this method, the me):/thylg;le

is favorab
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



envi ronment al vi ewpoi nt. The present inventors have found that in a nethod

for preparation of mcrospheres by an in-water drying method, wRd&n0Gh 2004

- emul silon i s treated by using a gas separation menbrane and the 15 organic
solvent is evaporated off through said gﬁs separation nmenbrane, the desired
removal of the organic solvent can effettively be carried out. The present

i nventi on has been conpl eted based on these new findings. That is, the
present invention is to provide a nmethod for 20 preparation of m crospheres

froman enul sion wherein an organi c phase containing an organi c sol vent

havi ng a bgid {188d Al Bh ineWetrial @eald)dt i®ted@ired tangeat b@hisimataer - sol ubl e
polymer is emulsified in an aqueous phase by an in-water drying nethod,

whi ch conpappasatuslin HsdlogedByaparsy tisatethd gisthadpt thargsSinse partaideon
menbr ane; (2? 25 supplying a part or whole of the emulsion to be subjected

to i n-wat eshalll bengetlacmnteoRed énofiewaferpdsosppartat poobleenbr ane; (3)

evaporating off 2 0 OCT 2004 5 the organic solvent contained in said

emul si on to the Bldreover,dehefe ta¢ gprgduced paicabsphenesrhransedAccar ding to

t he met hod of the present invention, since the rnicrospheres can be

prepar ed i medichmeed (pastieuidyyy,gparenteslontitzgiinog Bacteskadjedtior,s

advant ageously applied to preparation of m crospheres, for exanple, of

medi canent depota)t itdel ensentigdte mterilize pn dbar steporfsprapatration; thjereof and
preparations, depots, which are essentially required to be prepared

subst ant i aitliy requérechto prepaie thomicrospheRssinie slosschsgstiem caraHEo done i n

a closed system there is no problem of releasing of the 10 organic sol vent

toward out Breventdhenhepgtaminatien sdvainrehes gtiside.nat there is no probl em

of environnental _pollution. Mreover, the renoval of the organic solvent

can be carried ofer @ methpgHoerenéralling the disshasen 6d osganicesglventmtit

invention so that the_desired m crospheres can be produced within a very

shéPt peri Basdreerssiudigd torprepadeIpIEOSRhCEGR b & FlosedAyste@esiidibl e | eak

of the medi canment contagined in the organi c phase into the ueous phase is

ef f ect i vel §¥§@lent &ge P‘iﬂstﬂ’é?qur?thW]&'ﬁH%RFélﬂrﬁaEBéﬁ?ﬁ‘ é’? ' °‘d¥efp

m crospheres hardly occur. In addition, acco&i%ng %o t he getho of the

present i n¢8HEPYR, & AR RRBYIUS P A WeORY ERE TRLR OhEUGHRUG h a

smal | amount ,of . aqueous phase, and hence, it i ssible to mniaturize the

appar at us. i i spael ) Wk eBpdskinart roa EEERRE hiteher BgRTInr by « ne
resistance,jn stirri of the emulsion, which is,a problemfor -

ndust r | al P SO R EmileRsgn CEHCtR i E0e505eyRse N APRIG &f saseat

Mo , 1h hod .of th [ [ i I db
ci FBul at | i RBTIAC G SarTsEIE B FHE S P21 RE8 Gani ¢ 20 oCT 2004 6

I t into th I gl f i ti
s parti cul arl y Hosvr By PRamisPRag of Gk ibab o REHRE STERlee) PUET: T
scal e. 5 BRLFE DESCR TN, (Fo DIIAVNGS Edifincfed Suith SADYARL A AiR0l Ame 2
circular type or apparatus Tor producing m crospheres. Fig. !

schemati ¢ flL.agE afPiQhn ANed SUEE Th 1M IRE e RlciBRAP B!k gaMic RoRUH B9

m cr ospheres. .
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,



100 Fig. 3 is a schematic diagramof a circular type of apparatus for
prodlr:g)it ng m crospheres provided with enul sifying function. Fig2W8LE 280
*sche ic diagram of an inmersing type of apparatus for producing

m crospheres provided with emul sifying function. Fig. 5 is a schematic

di agram of an imersing type of apparat ﬂs 15 for produci ng m crospheres
with a function of controlling tenperature. Fig. 6 is a graph show ng the
correlati on between the passing rate of nitrogen gas and the rate of
renoval of nethylene chloride in an inmrersing type of apparatus for

produci ng t998psnidthere hiage beersfoumd apme hoswhbgahbe fohseparatiéh dridre of
the 20 accunul ated anobunt of taltirelin dissolving out fromthe

m cr ospher ecoxerg 6Cchifogne ®rganic gobents fofpiJRyAr-Gel STeDgdPWA 1SS 16H,i n t he
anount of l|euprorelin acetate renmained in the mcrospheres at 37C.

[ Expl anat i dB-AA7-2pd0d 15 jJR2A-8-57288; JR-A1DddF64A2sel bl) b3: A hollow fiber
menbr ane nodul e 2 0 OCT 2004 7 b2) b4, b5: A cylindrical hollow fiber
menbrane nodule ¢ 1, c¢3: A circulating punp dl, d3, d5: A stirring blade
d2, d4: A magnetic stirring piece 5 el, e3: Afilter fi, f3: A ventilation
(suBtion) Bb‘g@LOSUREOFB!VENﬁ‘éGN\ay for passing a gas g1, g3: A

circul ation pathway h2, h4: A magnetic stirrer 10 i3, i4: A honogenizer j5:
A jacket for conThelpreagnt amyrntienie tBESTVidEDENHORARRYINNEhodTToT e

| NVENTI ON The enul sion to be applied to the method for preparation of 15

ni cr ospher B¥lWstrigl drgpagation; qtp\mmn%@hegea@y@ Wnope iBrAtsTodringr e an
organi ¢ phase  contai ning an organi ¢ sol vent, having a boiling point |ower
than that Brethadewhare thenramapyalel tie segamicesqlvepherhich basiksen ad in an
aqueous phase, and when the organi c phase contains a nedi canment, an i nmaging
material (BrQPlenpinythatpaste sanrbmearriedput withahigh effideresand further
JP- A- 62- 254833, JP- A-6-118636), there can be_ obtained m crospheres

coh®ai ni ngCAmEECHELeH PHitdn arplossgoRsstermAang dienceds fayoprklsairem Bye vari ous
conventi onal net hodsgge endi ng( on the kinds of the organic phase, including
the fol | owfREreREENt VE)%WPW organi ¢ phase wherein a nmedi cament, etc. is

directly di 5Sol vl o ol SRR SN0k Pt i [ ethya gt o S0t ubl e
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 preparatioh 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



whi ch gives an O Wtype enul sion when dispersed into an aqueous_phase_(cf.,
JP- B- 56- 19324, JP- A-63-91325, JP-A-6-32732, JP-A-8 151321, the 20 OCT 2004

+ above-hentioned literature by Jain et al., etc.) (b) An organic phase of a
W O type enul sion wherein an 5 aqueous | ution of a nedicanent, etc. is

di spersed in a solution of a hardly-wat sol ubl e pol ynmer, which gives a (W
/| O |/ Wtype enul sion when dispersed into an aqueous phase (cf.,

JP- A- 60- 100516, JP-A-62201816, JP-A-9-221417, the above-nenti oned
literature by Jain et al., etc.) 10 (c) An organic phase of an O/ O type
emul si on ushagrganicosolirene ckhbgisedl inha4dl ymiasRiT EPth® bEhePEMEsSsadderei n a
nmedi canent, etc. is dissolved or dispersed in a solution of one

har dl y- wat gas sepabhonahgmesranshi ch solution is dispersed in a solution of
anot her hardl ywat er - sol ubl e pol yner, which gives an (O/ O / Wtype

enul si on when 15Adcsplingeid the methodopfathesppdsese ihoentiohPshée 214648) The
organi ¢ solvent having a boiling point lower than that of water as used in
t he above mithesjshéneslcatebehalepgeadtind aldsedasystehy By coaihoraiee!

(e.g., nmethylene chloride, chloroform carbon tetrachloride, chloroethane,
di chl or oet haatbods if shhdvaetdgeomislebppliedf tat pyeRirasivirdofatierossherest for e. g. ,
nmet hyl acetate, ethyl acetate, etc.), aromatic hydrocarbon solvents (e.g.,
benzene), exappde; ef matlioamends, patticnlesly paentenrahpreparatiopeatiahes

cycl ohexane,, etc.), ketone solvents (e.g., nethyl ethyl ketone, etc.),

et her sol vHHESUQR REePagREDNP déphéﬁ,,whiq%sam epy¢ndalyreqmixtedyto bsobut yl
ether, nethyl tert-butyl ether, tetrahydrofuran, 25 etc.). These organic
sol vent s hRy&Piesk @Mhﬁ%’%ntaalbsomdﬁg agrviaseptit comdition. 0 Rusides,19imce i60C | ower
than that of \?tgr under the condition of renoval of the organic solvents,
and parti cGrBRs/dpnenarg lpsedgarftens dhesats ner pro®ieny péneleasing péshe
chloroform and ethyl acetate. The hard]y-water-sol ubl e polynmer used in the
préSent nePFRANIS SAEERERWIEG Pb‘lﬁ%ldl@i:ﬁ@éi%f?nﬁ%:rml?aﬂéf@éﬁag@@u%lﬂé thatyner s,
but when the rri.crosphegfs to be . prepared are far the purpose of a nedicinal
use, it isUpErERDPyoRlam afegvitrmmentel patntionhe bi odegr adabl e pol yner

i ncl udes a pol yester of a,hydroxyfat acid gnd derivatives thereof (e.g.,
pol yl actic acid, %F%‘F’Sf&@lei emery o 1%”‘%‘6!‘%?19% veRh ean ke oEnsed ondi d,

LR SR e
pol yl acti c,agi.dpol yet hj encol yeql copol ymer ;. .o yeolic. . . o
e o pol el TEASBIGERP e gnar DR b e v

135 Jsq B g !
po??al kyl eﬁgleoX d?% ?%agi : "‘gﬁg 1§ He h?}/é’ﬁ{e&%@?g alﬁ(ﬂf}pglt r amﬁt IhyI ene
car bonat o Tsaelt bRkl F I She eBfiy BRa3E RS the Biurdb et iSnac o: a
Dol 3o v ot PRy hrerBAted Kuh BP0 sy RPLYACSRERTY coRe AR BT *2nd ¢ he

i ke, and gy 1eS ol ynmers can be used. Anpong these pol yners;
parti cul arfmy&&ggtﬁegr}rég on %?r&élp'poi yesters of hydroxyfatty acids, which

o st DR RE. A e o AR B o 1
ach@s. 1Orhe 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



preferabl e ones are polylactic acid, lactic acid-glycolic acid copol yner,

2 0 OCT 200g 10 2-hydroxybutyric acid-glycol acid copolyner. The2dHh8CT 2004
*acid-dlycolic acid copolynmer has preferably a nolar ratio of lactic
acid/glycolic acid in the range of 90 / 10 to 30 / 70, nore preferably 80 /
20 to 40 / 60, and the 2-hydroxybutyric acid-glycolic acid copol yner has
preferably a 5 nolar ratio of 2-hydroxybutyric acid / glycolic acid in the
range of 90 / 10 to 30/70, nore preferably 80/20 to 40/ 60. The above

har dl y-wat er - sol ubl e pol ynmer is dissolved in an organic solvent in a

concent r at solveint ihbe the ganiitsiphpaadofeficd) ltHeoRRhby ofeihghpreseinef erably 0.1
to 70 % by weight. 10 The O Wtype emulsion to be used in the in-water

dryi ng net boertion he pardserly nsaftl for denpbeppraimi of nbiyrosphérgsaorsol ut i on
of the above hardl y-water-sol uble polynmer in an organic solvent (an organic
phase) wi t Anvisxdarsttiah seglmous phase) and then enulsifying the mixture. The
preparation may be carried out by adding the organi.c -15 phase to the
aqueous phase at one tine and then enulsifying the resulting m xture, or

alternatively by addi n? t he organi c phase to a small portion of the aqueous
phaSe, enu I@"l}/ﬁ@sﬁ(ﬁg QNI BRAWINGSer addi ng the remai ni ng aqueous
phase to the resulting enul sion. The above emul sifying procedure can easily
be carried out b¥ig Das ecsshamptisadiageamoef afcircudrakppe of @pparatng fone
organi ¢ phase and the aqueous phase with stirring by using a known

enul si fyi ngrePpPaig HHCEQRIMI€Sa propel | er stirrer, a turbine inpeller

m xer, a high-pressure enulsifier, an ultrasonic dispersion mxer, a static
m xer, etc. Besi H6%,2 ihé ShABAtcHARF Y 2R I5ynsEsiag e nsyolot PRATafRtshods
such as a 25 nenprane enul sifying nethod, a spraying nethod. The

emul sifica ‘?roﬂr%“&n&‘i%?%b@ﬁﬁﬁsi fying method may be 2 0 OCT 2004 11

cutPace s opti ORI ACTRHEIPRLS DBERFBHo! peihuoFIHES Of SHPBTaGae J8En  he
aaucous phALEIEHIE BHOR R aRaY Taedh &b R ST TRRBRAREOBY giving &
hace.  Tor exanpl BBy 8 S4B ligeberCacan (MiBssig e Of apparatis
S B B
apgar at ug . Int hlﬁ) n%?%gg%eﬁefmﬁﬁggcgégf@m ?’ﬁ%%&lf@é?ﬁ%l%'é{?& (Fré%pBéragg‘]sr red.
T055PT 2, R, SRRSOl ERes S AR PP B SREE BmBePELLS
b ear 20 gontal ey e ouianch, RAEUS MR BRI ALRE DALY L1
to 1,000 P& eSo O it¥Os T Bashiid thPdhte BY r¥fldVER o imbtiG/18h ¥H16riRRARCan
immersing type of apparatus for producing micfospheres.
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 al - a% A closed vessel

b!, b% A hollow fiber membrane module



In the preparation of the above enmul sion, an enulsifier may optionally be
added .to the aqueous phase in order to stabilize the 20 enul sion.9 §hgeT 2004
~emul sifier includes, for exanpl e, an anionic surfactant (e.g., sodium

ol eate, sodium stearate, sodium|laurylsu fate. etc.), a nonionic surfactant
(e.g., polyoxyethylene sorbitan fatty acid esters (e.g., Tween 80, Tween
60, manufactured by N kko Chem cals Co., Ltd.), polyethylene castor oil
derivatives (e.g., HCO 60, HCO 50, 25 manufactured by N kko Chem cal s Co.,
Ltd.), polyvinyl yrrolidone, pol yvi nyl al cohol, carboxymethyl cellul ose,
met hyl cel | ul oseg | eGikhi i\ cylindricaDBol2w~fibar ge¢mibiraneanodiile The

emul sifier is added to the above aqueous phase in an anount of 0.001 to 20
% by wei ght, pretbradbl ¥ cironlating @umpy wei ght. Wien the organic phase in
the enul sion contains a nedicanent 5 or an inmaging nmaterial (e.g.,

pi gnent's, col or afit,sd®, ét’c. A stirxing hladee can be obt ai ned ni crospheres

contai ning such a_nedi canent, etc. These nedi canents etc. may be added in
an armount of O. Oglz,t(é)"'i6$-%@&nm¢@lﬁﬁr1%9mﬁabl y 0.1 to 40 % by weight, nore
preferably 1 to 30 °3/oby wei ght, based on the weight of the

har @l y- wat er - sol abies: p& {ik6F. 10 Besides, for preparing m crospheres

contai ning a nedi,.c nt, etc., those nedicanent, etc. may previously be

pul verized in orHef’ 't & VAptikatiog (FUetipnl Bodg upt ake thereof into the

m cr ospher es, vvhéctl; gpy vary depending gn the kinds of the polyner and the
sol vent to be uskdl’dtic. AmstBeKat forpRysinga B8 cament, etc. forma salt
and hence the 15 rate %11‘ upt ake thereof into the mcrospheres is |ow, they
may first be conferd ed/} RYEUAHORPHBNAYand t hen be subjected to the
preparation of n}lgrogphlgres. The pul veri zation of the above nedi canents,
etc. may optionafiylbe 7 ANABREUCSHITEY, a conventional pul verization met hod,
th is, my 20 ghysically be pulverized wth jet-mlIl, hamer mll, rotary
ba?b-m’ll, vi bra o4y %L@ﬁ?g?fﬁlz‘?rbeads mll, shaker mll, rod mll, tube
mll, etc., or by wet. pulverization.under a high pressure, or

al ternatively, bi/é Wiﬁe?{i?‘ﬂ%f:f’ﬁkﬁoq}flﬂg ERRFREU Sy di ssol ving first the
nmedi canent, etc. in a solvent, precipitating themby neans of regul ating
the pH, changing the 25 tenperature, conponents of solvents, etc. and then
recovering Mm j { 0, i | 0 CT ~~,~, 13 The
medi carrentls? to be g%?l}je%fct%%% g‘qgrfe’s%?{r&‘{ﬁ@%%‘ clude 5 10 vari ous

ki nds of nedica : L r VSi i . tive
pepti des, anti bﬁ???@?‘agﬁ ?@r%%@?ﬁ@n@?‘%ﬁ%ﬁe&?e@n&ricgnrt% %g(rﬁf%lb }ércl%e:s,

antikt ussi v r , Is . I ts 4 epj iCcs,
ant T ul cor srgrRARAES ATRe pRESANPERUDHIE o O WG et oBPut ERt
antiarryt hg i ar I e di i :
ANt di aber: BOTEARR PhasBealibletan SpANIE REAERT il d BRLES: pojnt
ant i t uber Clgvly ARANtRat BPWHRBE inPAH AR E A feradiible pBBAReF §SOF PLI ON
inhibitors, pronoters of osteogenesis, antiangiogenetics, antienetics,
vitam ns, effilsi#ReCid hf $phefe! ApgewiRA &?engfgca%iegméé&sﬁtélﬂs%
Antitunor agents: taxol, DbleonyCin, nethotrexate, actinonmycin 15 D,

i tonycin faeditadpleas! hAdnsalihat @at¥HAL (d. gt pigntdd thak8lor@daM8P{cdhiJP-A-
adriamyci n, neocercinostatin, cytosine arabinoside, fluorouracil,

t eR0 ahydr 06R+95$366f IPN-BR-25483 K FRA-6-1 PB6BBRNHerel @1 beadbtaiged@xi f en,

| evam sol e, bestatin, azimexon, glycyrrhizin, cisplatin, carboplatin, etc.
Physi ol ogi sdttospdnires e opeainidgsthdsestlaiteriaknmat ost atin, 20

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,



25 sandostatin, growh hornone, prolactin, adrenocortical tropic hornone
(ACTH),, ACTH derivatives, nelanocyte stinulating hornone (NMSH), 20 OCT 2004
. thyrot)rophi n rel easing hornone (TRH) and its derivatives (e.g., taltirelin,
etc.), thyroid stinmulating hormone (TSH), | uteinizing hornmone (LH),

| ut ei ni zi ng hornone rel easi ng hor none (I§-IRH) and its derivatives (e.qg.,

| euprorelin acetate, etc.); follicle stinmulating hornone (FSH),

vasopr essi n,” desnopressin, oxytocin, calcitonin, elcatonin, parathyroid

hor mone (PTH), glucagons, gastrin, secretin, pancreozym n, chol ecystokinin,
angi ot ensi whibhrginep hacOyWlty ba eneghsion wiem dispdrbedline€hr2agheehsri oni ¢
gonadotropin (HCG, enkephalin, enkephalin derivatives, endorphin,

kyot or phi nphiastdcf. edBrB-$&- PR 324 JP{8-63-91 326, JB-A-6m2T32udPns-8-e. 9., 1,
2, 3, 4, 5,6, 7, 8 9, 10, 11, 12, etc.), taftsin, thynopoietin, thynosin,
t hynost i nulldd32tlhtheaboremdnticnoedlit¢EiEre tkyedam ehghi et&) fact or (FTS) and
its derivatives, and other thymc factors, tunmor necrosis factor (TNF),

col ony stinulati g fAstangenie phasecsia WSRy peMIsE]sivBSFhertio an nmotilin,
di nor phin, bonbesin, neurotensin, cerulein, bradykinin, urokinase,

aspér agi nagguerbs|salution, okamsedivaaent,iateuls dispeksedjinw solditroof aI'Gr- 1 |

| G~-11), nerve growth factor (NGF), cell 10 growh factors (e.qg., EG-,

TG a, TGFhesdlypwater sofublgdpalymers vdeichhgises aH@E/ Opf W,y pebemailsion

nor phogeneti c protein (BWP), neurotrophic factors (e.g., NTI-3, NT-4, CNTF,
GDNF, BDNFWhsrcdispessed dntd aguraueous phwse: (€. vIP-A26Q-10051§sdPynd2-

chl ori de, Lym xin. B, _colistin, gramcidin, bacitracin, erythropoietin
(EPO), thr §ﬁﬁé§|§( efﬁ-ﬁ-?ﬁ%}‘}la the phoxarmsnsionest litgsatars by Waigi Gedaci n,
kanendonycip,, i vidonycin, tobramycin, am kacin, fradionycin, sisomcin,
tetracycli ﬁgp')nydr ochl oride, oxytetracycline hydrochloride,

roljtetracycline, .doxycycline hydrochlorjde, anpici|lin, piperacillin,

ti hgrci I1in, ceplfal d%(%l ,gaeécpﬁgﬁéf:i iae O /Q¥PF M ulsien HYBBBAWGRF nenoxi e,
cef met hazol e 0._cef | i cef ot axj me, cefoperazone, ceftizoxine,

noxol act an{nqrﬁizlgﬁ‘éﬁ\/éfﬁ?r@mw&i%ré Pﬂiuﬁftnﬁx%ﬁlwla%qm@qm Fapmey, ete.

anal gesi cs. and antiqsinfl.anmataory agents: 5-amno salicylic acid, salicylic
acid, sul p¥¥ W&PP‘f%%ﬁ‘mf‘JS&@ﬂé a%@@‘l‘@?@ ong E‘&B&&'ﬁé&?ﬁ?gﬁ%ﬁﬁhi ne,

pet hi di ne hl ori de vor phanol tartrate, .25 ox rphon erc.

Anti t ussi Vgég’%ﬁ%e‘%ﬁt 8?&%&%‘? ‘%?E%‘Fﬁsﬁg ‘ﬁ’yﬁrsé’é‘ﬁaBPi %fga?ngthff%?réﬁb‘ OCT 2004
met hyl ephegr.ine C i de. noscapine hydr z%p i de, cqdei he,phosphat e,
di hydr ocodg{alrtlgreswé%lﬁﬁéel?%? P 8"(’:1]11 %%&eﬁfd} g@(@ r dé’,pec?ﬁnd‘ﬁﬁ'é’&’l ‘évk%n
hydeochl or e, . Dl ' 1 ¢ | QFi de, sCkC i ne, protokyrol

v S och or LerBed G sRORREL UL BRRR BF o A G IR sl T ot e

erbutal i ne sul eh@oEhtic SoALIENinG BORIOL KLAA NSrePhRaRALPEFaZl ne,

trifluoperazine, atrofine su hyscop mne brom Muscl e

[ el axant s: vt Ih 8 sdPil BE Sl 81k o d4 OGRS 18 GBL AL H1 8RR T ONi UM
brom de, etc. 10. Antiepileptics: phenytoin, ethosuxnrmdé, sodium

¢ | ami . i de P _ . hi sti di
Pydr ochl or eGSR ARREK E8, ety tonle hEid, Lol BB i ne,
noxi ptili ngstrdéhRpRRE| A 1BRoS M RL @licRidroe MUh &l ﬂr?ékﬁb?o@@l%q{cs, :et?.%,nfat;

di phenhydram ne hydrochl oride, chlorpheniramne nmaleate, tripe amhe
hygoochl or 4¢ig, estet RGlV&7isN@.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 -



hydrochl ori de, clem zol hydrochl oride, diphenyl pyraline hydrochloride,

met hoxyphenam ne hydrochl oride, etc. 20 Cardi otonics: trans-n-oxocafpGr 200
~ theophyl ol , am nophylline, etilefrine hydrochloride, denopam ne, etc.
Anti-arrythm a agents: propranolol, alprenolol, bufetorol, oxyprenolol,
azimlide, etc. Vasodil ators: oxyfedrinéJhydrochIoride, diltiazem
hydr ochl ori de, 25 tol azoline hydrochl oride, hexobendi ne, banethan sulfate,
etc. Antihypertensive diuretics: hexanmethonium brom de, perltrilium 20
OCT 200 16 mecanyl am ne hydrochl ori de, ecarazi ne hydrochl oride., clonidine,

etc. Antideabetibter War kb6l Gadét iinder thicZddiRditRRedf Ablahy g chl ori de,
buf orm n hydrochloride, nmetformn, etc. Anti-hyperlipidemc agents:

pravast at i orgenticusdlvents) agidpaitichlelly patidited orgahff sbvahes asénfi brate,
bezafi brate, etc. Anticoagulants: heparin sodiuny etc. Henostatics:

t hr onbopl asidthyléry ehturide heflvgofvien sedd wrhpi agkfate, acet omenapht hone,
E- am nocaproi ¢ acid, tranexam c acid, carbazochronme sodi um sul fonate,

adr enochr one nondaei maglignivdtaresdiibie podnesn i serhire the ipresdmt indthber cul ar
agents: isoniazide, ethanbutol, p-aminosalicylic acid, etc. Hornones:
pr efini sol oirggludes drairsmhs kénds dif irarpipsydtetr esoldbleapotyhass) eostodingm the
hydrochl ori de, hexestrol phosphate, 15 nethinazole, estrone, etc.
Ant i nar cot iicregpheres| tovia¢ Ipseparet aae fontlee puaiposp lifrenmydicoetilwsd, de js
nal oxone hydrochloride, etc. Bone resorption inhibitors: ipriflavone, etc.
Pronot ers pfefesablygehiedegrassiblegulyoes. such as BMP, PTH, TGF 20 ~3, |GF-1,
etc. Antiangiogenetics: Angi ogenesis suppressing steroids, fumagillin,
fumagi | | ol deri vaheiodegradalilstpalymércisicladay ar palyesgt eima iy dropefaaty
receptor antgﬁonists,suqh as ondansetron or tropisetron, etc., neurokinin 1
receptor 28cishtngoinrivatives thengof dergnspolylactit acil, pdyglycelierasidyi t ani n B,
vitamn B2, piacin, . . .
10 po{}c?trlc acid, polymalic acid, poly-B-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 polyalkylené 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,



2'p OCT 204 17 nicotinam de, pantothenic acid, calcium pantothenate,
vitam.n B6, vitamn B 12, folic acid, inositol, para-am nohippuri c? g0, 2004
~biotin, vitamn C, vitamn D, vitamn E, vitamin K etc. The nedicaments
referred to the above may be in free foi& or be 5 in a pharmaceutically
acceptable salt form For exanple, when the nedi canent possesses a basic
group such as an amno group, etc., it may be used in the formof a salt
with an inorganic acid (e.g., hydrochloric acid, sulfuric acid, nitric
acid, etc.) or with an organic acid (e.g., carbonic acid, succinic acid,
etc.). \WeR-hpdromdiwgrienacitiOglyessasibeopolyasédi CTIgE tadtis Heftl-ghopliear boxyl
group, it may be used in the formof a salt with an inorgani c base (e.qg.,

al kal i met atkl sopblyasershdspnef@eibiy s nolaetatiy oflaedit acid/ gyeelit echdise
(e.g., organic am nes such as triethylam ne, basic am no acids such as

ar gi ni ne, &t ¢hg rafige c\ApHOI@LtO B0 OO0t imerepgafirabipBO¢RO th40ygh, el gas 15
separation nenbrane of the present invention is carried out by either one
or a conbi tlae Rehydfoxymutyricraciel-glycobie daitll copiobgmeethusdprefetably aret hod of
passing a gas on one side of the gas separation nmenbrane which is opposite
si dé of supplarmgtiohef 2rhjdricawblitytibercid/ glytoliberid nnftherrangef ef 9@#100 as
nerely "the opposite side of enulsion"); 20 (2) a nethod of deconpressing
sai d opposte 80{i7§e ropre pucicirahlyppB80y RO tgad0s6Par ati on menbrane; or (3) a

met hod of warm ng the enul sion which is supplied to one side of the gas
separati on menbr 4he ghstechardlyewatereseldd nadymerisrdibyolveddnsinle of

emul sion"). 25 In any nethod, it is preferable to evaporate the organic

sol vent wi PFRARICsSQIBERhin arroneantsatiantin thecorganit qdhase of 8.04 a9k Ykeepi ng
an | 18 % 0 QCT 2004 aseptic condition and of preventing releasing of the
organi ¢ soPYereighéwareferuply; Qd. torikBs% hremvedalt.f or evaporation of organic
sol %Sent are expl ﬂlngg in nore detail bel ow 5'(1371 A net hod of passing a gas
onlPhe opposite $NALLW brRe sradsim tpdbegased in ihgrinowateh@rdnE The

passi ng of a ga be carried out by any conventional nethod such as

bl owi ng, Hbﬁ‘ttgea 0 e%ft‘? PEEREHEVEREONCHR BeaREcRATEH oY) ghixing Pusris tipry of

ni trogen 98e a %lvie naqlr%i??—’wgtre Ssoldbie p(e)Ind"leI\‘A?l’? 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 b_';r a
20 conventipnal method, for example, by mixing the organic phase and the
aqueous phase with stirring by using a known emuléifying 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



10 m crospheres for nedicinal use are prepared, it is preferable to use
steriljzed and dust-free (filtered) gas. The rate of passing a §8s00Ts2004
~usually not less than 0.8 liter/mnute, preferably not |less than 6.7
liters/mnute) per 1 n2 of the nmenbrane I(Ilrea. 15 (2) A nethod of
deconpressing the opposite side of enul Llon of the gas separation nenbrane:
The deconpressing is carried out with a deconpressing punp, a water-air
punp, etc., and the deconpressing is carried out so that the difference of
pressure between the side of enul sion and said opposite 20 side of emul sion
I's in the canged ofutlby ptoRidiig.a ﬁbﬁfl% adibelne (EQ, kBPoud tetdmpssef erabl e
to control in a manner wherein the side of enulsion Is normal pressure and
t he opposi hish drirfdce iibptionaligcsheraicaiuardlifieds poréus hsd grefhod of
warm ng the side of enmulsion: 25 The warming is carried out by using a

t her nost at betweathe drghhic phaiseandahb aisbusphtbéaf extradengltheon is kept
at a prescribed 2 0 OCT 200g 19 tenperature. The preferred range of

t enper at ur ergamyicvphgsalapentlisngqueousrpled s tloowgh fine pslesvirtde Potous i s
preferably set at a tenperature of not |ower than a boiling point of the
or gani ¢ soimambramddy giving mepmssairattottihe polyosér solititm,of neweksangn, and
the tenperature is 5 usually in the range of 30 to 80C, preferably 40 to
60C, whi | ewiith gtigringrthedegeediiaphase, fer kkadyplef by e nsathveinds dBedosed, in
any net hod of the above, in order to renove effectively the organic sol vent
from t he eludsrsnal of Misreercapsiblagiony voli 1 1t(Bh ppul ¥ilek7®y1994onvent i onal
stirring neans, such as a screw type, a 10 nagnetic stirrer type, or a
paddl e type. TheBesidas; dhemmuisificgtioncby al spraying mathebovay betdeodied s
preferably done until the content of the organic solvent in the

ni cr ospher 84t BYcireY3B8 dberigpaic PhaAse. oMisctharagrgpuadisowitdeai s used as
an_gqrgani c sol vent, {he preparation shall have a fipal 15 remai njng content
of 1Phe sol GRRYERMONB: SREENEAPPFFIUSp mIndhis methadidf neseseatyREREI ni ng

Sol vent of Medi canents accoyding t Ingler nat i gnal Conference on .

Har noni zat fFGHCORS RIS ﬁ@@mrr nt SSF I ARERE SPPATAEAS dRCIpesdiRieut i cal s
for Human Use anong Japan, U.S. A and Europe (ICH))) but the organic

sol vent na?‘xﬁ‘mﬁegnt?é No%ElFe & BYeSSYITE RRAZ RN A1tk saste dingzley & Ffary
m'crospheref. The ggés separation nmenbrane used for the evaporation of the
above or gafif¥ &S vEHE in the method of the present invention includes a

e o T o R e SR B et Dl b
regbrane) MAhe0ul prldLEhetSid the BRAESL Thale & Bitnt TEH%AIE VG800 Ne
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 steérate, 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,



20 OCT 204 20 the dissolution rate of the gaseous nolecule in the nenbrane
and the rate of diffusion thereof into the nenbrane. The exanpl 0Che2dof
are a 5ilicon-rubber pervaporation nenbrane (particularly a pervaporation
menbr ane made of pol ydi net hyl si | oxane), 5 menbrane prepared by 5 filling
silicon rubber into porous polytetrafl ubfoet hyl ene (cf., JP-A-5 15749), a
pol yvi nyl al cohol m xed nmenbrane (cf., Chem cal Engi neering, March 1998,

pp. 25-29J. The nenbranes may be used in a 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 1Qefbhirg etenprane is suitable for separation of the organic sol vent
by utilizing the difference in the flowing rates of the gas nol ecul es

wi thin the porouShswmuifier Thadekdnp gt abeve daydoohehase hpagus menbrane
made of pol ytetrafl uoroethyl ene or pol ypropylene (cf., Journal of Chem cal
Engi neer i ngnajudiapf0,00blto 281% by.wdighrpprdfesaBly60.0l5td 988%, bp weghaw fi ber
menbr ane of ionized crosslinked chitosan/ polyacrylonitrile conposite (cf.,
Journal of Cheni Wherbnhe megahigpbhsddnaiie smulsidn, comtaihs spmedidabnt1992) .
The nenbranes may be used in a size of 0.1 to 10,000 nR2, preferably 10 to
5,080 n2, peanlim8giolg tlxtecagli¢ngs, pigasents?@olaoratrits, att. hadcgfthiehe cpnesent

i nvention, both of the above nentioned pervaporati on nmenbrane and porous
menbr ane cha didaissdi misoospivergsecantainitg anCﬁm@ieaim?mr eter aliTlzesen or der
to keep an sterile condition with a closed vessel and to prevent invasion
of outsi demadicapentsiatountay he adsdast inen amopadi ofe8.0 lbio bRt by staight, of
emul sion with these gas separation nenbrane) it is preferable to set so
that the ppmﬁéa@bb'rpﬁat@%f"/othséwelghn more Weferablydgnde %diwwieightar ough
the menbrane is larger than the rate of water, but the organic solvent has
a boiling paped arotlee weiglt ohtlhe drardht-srateasolublecpolympenh a tenperature is
appropriately controlled, the organic¢c solvent can selectively be renoved in
spitPe of the per Bgsidesn lpnpeeparingamicrpspheses cantaming cameat,

evaporation of the organic solvent with the above gas separati gn nenbrane
can be don&thythess Hlﬁﬁf:?f’ﬁ%l%?t?réﬂ%’o@reé&o th‘bﬁ’é@"qfé?‘?ﬁﬁﬁn prges to

Sel[é‘ﬁla?? Lﬁf‘rnéﬁlﬁ%a%&h’% ?@ﬁﬁpﬁ’%&é B@e,%\r%?.ff!;%iq?ﬂw% ?%%?%%%ﬁer?ﬁ%?wﬁii%%r%%a? 2? o
Tauid i S ERPLAFRCBRTE o R iar RIS RATERGR St SOIVSF o8 TR, gas
Separ at | one enbrGRERo ) Bifceh Pt Aard Bam eIt f20. Torbachall e ChedRE tngne
S?E%a:éfe £ Es. &l bRl Feie Bt ihi%%{??Sﬁéﬁ?%eﬁ‘%sﬁg“vhiﬂh%&#%ﬁ@%%eéﬂi”f abl e
menrane nooura et RHsk R Id HREh s SRRSO Bidhs eibhtn

Kai sha), a i menbrane el enent (SG 100 series, manufactured by
Tor ay Indu#?@ﬁ%ﬂr&?’b.), a high performance deaerating nenbrane el enent

(SG 100 seri es, Rt SGLELE oﬁyoﬁg-geaﬁbbogﬁé&ﬂcsﬁe {iC eke. ﬁlgy{%@i&éﬁyer

conposite hollo ers menbrane eaer ati ng’ nmenbr ane o )
modul o (+ SEBARTFY it By AL E b RE IRl B erifation Ind el AR nfiRE ) 71
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, éhanging the
25 . temperature, components of solvents, etc. and then recovering them by

centrifugation or filtration.



20 OCT 200 22 The circulation of the liquid to be treated is usually
carried out by using a circulation punp in the follow ng manner. 2@RCT Q4
~ met hod) of circulating which conprises taking only a portion of the aqueous
phase of the enul sion as a portion of trg 5 enmul sion A portion of the
aqueous phase of the emul sion may be cafYied out by passing the enul sion
through a filter (e.g., a stainless nesh filter, a glass filter, a ceramc
filter), or by utilizing the difference of specific gravity between the
organi ¢ phase and the aqueous phase by using an 10 up-and-down
l'iquid-1iquid conhtentdivarments 66 be dpiblidd zd Mhe Preseht astatiomimélaeteur ed by
Tokyo Ri kaki kai Co., Ltd.). Anong these nethods, a nethod of passing

t hrough a Vatibas kiadgreff eieditamenes, sucle aseafitumes pehesmability in the
organi ¢ phase of the emulsion. This nethod conprises circulating a portion
of the aquphusiodbgisallgratthenpeptides cantibiotiey arethbyrdiicsp asedgedios,ough into
the inner side of the hollow fiber gas separation nenbrane having a smaller
di anet er oantiheflimmirhatonied, houititwsiges, ek pfctbiem tisolskdatitedemugade separ at i on
menbrane. (b) A nmethod of circulating in the state of an emul sion This

met 5od conelagsentsiarctitpileptcs, motitilcarspantidepressation a2liadidrgic agnesti ng
to the evaporation of the organic solvent, where the organic phase of the
emul si on comtdiotenicheagtiarseyhanit agen s vasadédatery) drgitvgperteesivends of t he
gas separation nmenbrane shall be selected so as to nake it fit to the kind
of the orgdhiretisisasatidiebeties, antibypsripideamic agentse amtidosigodants,i nt r oduced
into the 25 inner side of the hollow fiber gas separation nenbrane, a

sui t abl e shemastatipe, avtiteherdwar agshtshbohmionew, Ainbirargaticsageatat i on
menbr ane shal | 2 0 OCT 2004 23 be selected in order to prevent the

cl oggi ng, kedcirgserptiorashibiters, promeeteratiosteogrnenipr astiangiogenssiss; e
side of emulsion of the gas separation nenbrane or to warmthe enulsion to
belBrovi deantigmetiche Viteminsctes t Fpegiic sxpmpies of thesp medicamerts net hod
of renoval of _the organic solvent in the circulation type can be carried
out with aﬁreabﬁ%ﬁchpﬁg’%orrpr_i sing the followi ng basic elenents, and the
vessel for fill i‘R the emul si on may piti onal ly be equi pped wi,th a filter,
an up-and-down | gﬁ‘itﬂm‘?rqﬁg@l%l}ﬁ%‘@]nf sAmysiar mathotraxate,) agtineay@ing or

filling an_enulsion; (Li), as se tion nenbrane dul.e for eygporatin
of 1 an or R RItOBIEAR(C VisthIERAnE FtErtsn Yingirs g Salires: SEPBRr BB Ray whi oh
connects the .vessel and the gas separation nmepbran dule; and 15 (iv) a
punp for c‘?&’é‘&%}fqlﬂg n[eﬁgegqmggf%tﬁnt R Qs4Re taﬁ@gbﬁé&&gégﬁpaf PYAStenbr ane

QD?EL& a§ deélgﬁ}?&ggﬂgyf-gpﬁﬁo;@&rsacqﬁtkr}%csjti%? 1éfbseler1511,i1%rrl§nr:%a?ﬁ10}cel erll,Si on in
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, eléatonin, parathyroid

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

cholecystokinin, angiotensin, human placental lactogen, human



*formo

seéparation nmenbrane, wherein a gas is passed into the inside of the 20
t ube. ~I)t is preferable that the tubul ar gas separation menbrane 8 4CTn2Bhe
f bundl es of plural gas nenbrane which formholl ow fibers and have a
smal | er dianeter of the tube in order tp,increase the surface area, and
that the bundle is imersed in the emulsion and a gas is 25 passed into the
i nner side of the tubul ar gas separation nenbrane. In this nethod, the
organi ¢ phase of the enulsion contacts the 2 0 OCT 200 24 gas separation
menbrane, and hence, the kinds of the gas separati on nenbrane shall be
sel ect ed schasohix gakadotropin (HEGhekaphalin t érekeplyalin clqrivastévesThe
separation nenbrane is basically the sane as the above 5 circul ar type of
nmenbr ane. ¢ndesgEhin, Wyetorpleing intstiferons (sgi,ra-e@-f o, etort amtartayikine enul si on
to the gas separation nenbrane, it is preferable to use a bundle of hollow
fi ber sepafeag.h dn 2rehirt,adeb, hBcl®,ar® 11 gl2edtd.hh taftsimt thymopypldtimir i cal
shape. The nethod of renoval of the organic solvent with the imersing 10
type of gathwepaiatthymestibndire thymia gueﬂomtfabsom@ﬁ@),@nruppéhm@
congri sing basically the following elenents: (i) a vessel for filling an
enubsi on; @asdor (FTShanddts dgsivatives, apaethes thyamicelactotse tiumer sed in the
enmul sion in the vessel for evaporating off an organic solvent from 15 the
emul si on. pegroskafRrirr(YNE), eelosyastigulating iactorse(cet. P hodClne
m crospheres_are prepared by evaporating, the organi.c solvent at the step of
passing th %ﬁﬁ&Mﬁgﬁhreé%hmtﬂm,hwrwrzobea)gbefqlampﬁglrmél%ﬁu| sion to
the outside of the gas separation nmenbrane where bul ar gas separation
menbr ane i%e%l?’éhg%rél%lﬁlmfh WFRKIPRSAnAFPAFREIPASS ﬁg{@rga%, PRP3tAGHS Re i nner

Fllow of 1 OSSR  Sr o RGtas (Rt RGTe o MAYEGON PrEcHah B G e lbt t he
R T PRI 4 e IO S,
the gas basic FGF, etc.), bone morphogenetic protein (BMP), neurotrophic
factors (e.g., NT-3, NT-4, CNTF, GDNF, BDNF, etc.), blood coagulation
factors VIII énd IX, lysozyme chloride, polymixin B, colistin, gramicidin,
bacitracin, erythropoietiﬁ_(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,



separation nmenbrane in the direction counter to the flow of the enul sion.
AccordHng to this nethod, the m crospheres can continuously be Enp?€€h§ﬁd

~ Wi t hout’ doing each tinme (batch system) the operations of filling o

enul sion into a vessel, renoval of the géganic sol vent and thereafter
collecting the mcrospheres fromthe vessel in contrast to the circulation
type of nethod or the immersing type of nethod. The apparatus to be used in
the process of the present invention 10 can be desi gned appropriately so as
to make it fit to the various types of gas separation nenbranes but is not
limted tonsthybdsteedrife ¢iRiroBHlodd@r RbSedsidedicthlbtite] cadeihd n the
wor ki ng exanpl es hereinafter. The organic solvent to be evaporated as

menti oned phospheby, qbi&gffdebabﬂyidbephesghatcgchlmmduMroihﬁmi@@,overi ng is
done by a 15 nethod of |iquefying it by cooling, a nethod of introducing
into a col dhiwilerdianol hydesdelbride;gsisopbridgminiechpdrovitoridel i cl es. The
adsorbing nethod is done with an apparatus of adsorbing with fibrous active
carbon, a ghpraktine poswlapphhgduschlorides dyeprotgremblohpdroditorieehaust gas,
a small type of apparatus of recovering chlorocarbon 20 exhaust gas, an
appér at us salheaavelr suifate, ltevbutdlrensulfbigretof chl or ocar bon exhaust gas, an
appar atus of adsorbing with granular active carbon, a fluidized bed

appar at us of adsSBedatiyesi chlogphemiazahe aptdaoldorpataaine,dwifhppeemzise,of
conpression and condensation by deeply cooling (cf., Handbook for use of

chl or ocar battopipe sgBfags) meabyscopokyaid bc«mm?@, gtisere are used conmercially
avai | abl e apparatuses such as an apparatus of recovering and deodori zi ng of
sol vent "Anei g" Musde oclrxzousy prigingt mt@ﬁwswfomrtenmg}@ocmmnmd an
apparatus for adsorbing and condensjing a gas of a solvent in |ow

concent r at FBlpridey pareREniusg hroaeides &4Cby Toyobo Co., Ltd. The

m ¢rospheres prepared by the process of the present 5 invention are
sepdrated and r eAeiERlEPticsmPhtRYERIN Sthesurimide\sqstivam iasstagolamddsr gani ¢
sol vent by conventignal nethod such as centrifugation, filtering, or
screening.CﬁBFEkﬁﬁﬁRoxwﬂ%ne¥he m crospheres are heated over the boiling
poi nt of the organic .solvent in an aqueous ase (¢f., JP_Application No.
10 11-39599) or  APAHSEY AstalpAEREY %rhléé@ﬂnp?g%@hl%mdgdgnprwﬂhaw ng a
hi gh nelting%point (cf.; JP-A-9-221417), the remaining organic solvent can

be rempved®*fhe nicrospheres thus obtained are further washed to renove the

additives of the agﬁgﬁys gha e, etc. which are adhered on épe 15 surf ace,
and addi ng an aggP IEPIIAGY dUERT AN B RTARRIRS ) DoXREHAGes, sugar
algshols, igpr Fnic gﬁﬁgs, ﬁ%eferably mannitol, sorbitol, in order to
prevent thE &88‘%HEP fi» §Hong t he nicrospheres,

Antiallergic agents: diphenhydramine hydrochloride,
chlorpheniramine maleate, tripelenamine hydrochloride, methdilazine
hydrochloride, clemizo! hydrochloride, diphenylpyraliné hydrochloride,
methoxyphenamine hydrochloride, etc.

20 Cardiotonics: trans-ri-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,



and then subjected to |yophilization. Moreover, in order to obtain
n‘icrosg;heres havi ng the desired 20 particle size, the product isgmeaf @ebly
- subj ectted to screening, for exanple a screen of 1,000 ~m or | ower.
Particularly, the m crospheres are used,as an injection preparation, the
m crospheres are preferably passed throbéh a screen of 150 ~mor lower in
order to easily pass through the needle. 25 The m crospheres prepared by
the nethod of the present invention may be incorporated with nedi canents,

i mgi ng material s 2 0 OCT 2004 27 (e.g., pignment, colorant) by adding

t hese nmedi asoamhglamimghpdroatileridy, € canaginehley draptilotideheforddind)getche
preparation of the m crospheres, and hence, can be used for nedi canents,
non- car bon paper Antaljabetiss: glymidiiné keodiukg dlypradecphegfdrieinabgdto-ves. 5
In case of m crospheres containing nmedicanments, they nmay be in the form of
fi ne granutbiridespefsiminshydnichddentie, ypetfprmpay etd.ons, i nj ecti ons,
preparations applying to the skin, arid can be adm nistered orally or
parenteral |y [i nAndirbypetlapidemiscagents: provastaigossdiwingsimoastatin,

adm nistration into bl ood vessel, percutaneous admnistration, 10

adnbni strachnnﬁbr@tev|Oi@fbbusatﬁreﬁhnﬁbeatqodvezaflddrabawtby, per vagi nal

adm ni stration, per rectal admnistration, etc.)]. Wen the

medi cament - cont aAmtmagUd;an@phdnqsalanesquEm,astcan i njection preparation or
a suspensi on preg{aratl on (e.g., y syrup for oral adm nistration), they
may preferably bEHegregaties: thmm@%&&ﬂnt thrargbin quienasienarsaedivm by
|ncorporat| ng a di spersing agent (e.g., nonionjc surfactants, polyethylene
castor oi | bisHfiiet acatemenaphihone, pakassapyoicreid, teanesamia gcid,hey my
be di spersed .in ter by adding the dlsperS|n agent as nentioned, above and
an exci pi efdrhazoghromgaedim sigfonats, a 1'&@106%50% maneamineguasiding) t ose,
gal act ose, sucrose),.and solidified by 20 lyophilization, drying under
redficed pre El@@esyil)ﬁow t8r§tcg, etc. , and the solidified preparation is
di ssol ved in di sx | ] ed wat r for injection wheghus d. The above |m ?Ctl on
preparation may fttfabe ﬁBﬁgFP{;S hisoniReHgof obrReanringsaligylice g. |
nethylparab ropyl paraben, 25 benzyl al cohol, chlorobutanol, sorbic
acid, bori acich, e@ etc.), isotonic agents (e. g., sodiumchloride, glycerin,

sorpi ol 9 ucose, %éﬁfe&&ls‘ﬁga%o%ﬁ%T i015eF O%Eﬁﬁiﬁh%ﬁpgaé%»som Gitric
eSS R e o S 1
Copgarative e%ﬁ?rrﬂ@zgfe eE)E oeﬁé ment s, but should not be construed to be
Antinarcotic agents: levallorphan tartrate, nalorphine
hydrochloride, naloxone hydrochloride, etc.
Bone resorption inhibitors: ipriflavone, etc.
Promoters of ostedgenesis: polypeptides such as BMP, PTH, ;FGF-
20 B, IGF-I, etc.
Antiangiogenetics: Angiogenesis suppressing steroids,
fumagillin, fumagillol derivatives, etc.
Antiemetics: S-hydroxytryptamine type 3 receptor antagonists
such as ondansetron or tropisetron, etc., neurokinin 1 receptor

25 antagonists, etc.

Vitamins: vitamin A, 3-carotene, vitamin B,, vitamin B,, niacin,



lirmted thereto. (Exanple of apparatuses) 10 The apparatuses, which nmay be
used f--cgr preparing mcrospheres of the present invention are il 2&t0€at in
“~Fig. 1’to Fig: 5. In order to prepare the m crospheres by using the
apparatus as shown in Fig. 1, the emul s',Pn to be subjected to an in-water
drying is filled in a cl osed vessel (al%, and a portion of the aqueous
phase of the 15 enul sion passed through a filter (el) (e.g., a stainless
mesh) provided at the mddle of the closed vessel (al) is circulated with
stirring with a stirring blade (d') by passing through a hollow fiber
menbr ane npitdtindmiddiepastethénk acid; Wadtivgn prunidthehteyivitamin Byl ation
pathway (gl) nade of a silicone rubber, etc. During the circul ation, when
t he porti ovitamiABi,héolagaeil)inpbisl pargpassadhippatighadite biwtih pwitaitiar
menbr ane nodul e, the organic solvent contained therein is passed and
per neat ed Chvibaghint Pe vitairhionE, iviermireyredoe and i s evaporated through the
ventilation (or suction) hole (fl) and thereby the organic solvent can be
efficiently evapbhatsddwhintmtsorgfenfed: tretlsy sbene may tehisr fiey fohe 6 be
m crospheres are formed above the filter gel) provided in the cl osed vessel
(al . 2 I eph2004cegtically pcepntdblg salt farspheFeos exprmugiengvizen dppar at us as
shown in 5 10 15 20 25 Fig. 2, the enulsion to be subjected to an in-water
dryi ng i s meadieymientpasisesses adsasit grarp, saehl ag aylamyrd gedupoticomitf i ber
menbrane nodule (b2) is inmrersed in the emulsion. In this situation, air is
passed vi alt@Weatusest inothe farm®f g salt withrar inerganjctaniddeng. si on by a
magnetic stirrer (h2) and a _magnetjc stirring piece (d2), whereby the
or gani ¢ solyémchlaricrrcidpsidfiusic psidavisea anid, perhentath am otganicRcidol | ow
fi ber menbrane and is efficiently evaporated off to out of the system and
t her eby t hi€-&i CAEBPRKY 8gidaselocHrigealidn ethe Wi the saedicespgnt For

aring m crospheres py using an apparatus as shown .in Fig. oi |

pre 3, the
phé@e and BOSREETSS K a6IHE SrAEDAHTR iasA carbexyl groam, df may ‘ilﬁe‘iv&’f‘er

drying are_filled i.n a ¢closed vessel (.a3) and enmulsified with honogeni zer
(15" A7 CHIS i oy Solf With ) Enoreastic as e oo UCah aeEabt SUGB @i o1 on
passed through a filter é_g% (e.xg. ..,a_stainl esaﬂrresh) provi ded at the

m ddl e of PHEUTORAIASANEL| CtedHr vith pRQTiRREG PRISEHE 1 PFEFYC RTINS

o ae of S SSRGS 1 i e e mde o
aqueous phase i ’sTﬁgggggof%?gﬂWeoﬁqlﬁ\ﬁor‘{eﬁgﬁﬁ@ﬁﬁ%ﬁée BBUul e, the
hofTow 1 B HANLRE B ReehE B Th BB TR SRR S Eiret Pl PSP
cvapor at edoBf o5 ol gh YRS by Bt RE of (B2 KON B B siier ec ar &

for red. above theilid h¥pb8He PLOMhESeht dl'en€! BAEDNRRSRs dalpeld

prepari ng m crospheres by using an~apparatus as S

Fig. 4, th i : a(g:;#%gf f l.Sd ol o] jected to
an i n-wat e@%@fﬁg@me?ﬁﬁ I n&a?ﬁgfegu{?g@@% '_r{zlkg4 Iﬁglrl%l ne@ﬁ sified with
a_homogeni g ( hédeinAfic®! réBPedl { h8Inefel§¥hhB Ypiditd@ldeoyr dinbasioneyibr ane
nodule (b4) 1s imrersed in the emulsion. Tn this situation, 5 air is passed

vigga ventilati O@yaafrmmw(éf acaﬁﬁlgréééihgieggggz{ﬁ%r SidNobYmRSRENSE | C

stirrer (h4) and magnetic stirrihg pie eby the organic

sol vent i ”tﬁé@%ﬁ%bﬁwmh%eﬁ‘?%{?@& perneated the hollow fiber nenbrane

and is effici evapor at e to out of the system and thereby the

m crospheres ar e(d).qﬁfffﬁfihioﬂ 6ﬂ1®aﬁﬁﬁﬁ§4h\éee?ﬁﬁ|lsi6ﬁ4\)vhié¥9 i§ @hp@lﬁ@la{d e

m crospheres by using an apparatus as shown in Fig. 5 the emulsion to be
subj ected §jQleasf ﬁm;rg@@ SEpHratifg rhén{bﬂdrﬁdgid}eﬁ)éﬁ&% edfareedab d9slerahd a
cylindrical hollow Tiber menbrane nodule (bS) is inmrersed in the emul sion.
In this si‘tth@tgiae,‘of&jrﬁui]gioﬁa)s,sed via a ventilation pathway (fs) with
stirring the enulsion by a stirring blade (d5), 15 whereby the organic
sopgent in the emhayanetBodaisiehraferaige taiveshorate the organic solvent

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



the hollow fiber nenbrane and is efficiently evaporated off to out of the
system, and thereby the m crospheres are forned in the cl osed ves?gl 02004
~In thls) apparatus, the tenperature of the enul sion can be controlled by a
tenperature controlling jacket (j5), g hence, the 20 organic sol vent can
nore effectively be evaporated off to o B of the system In the apparatuses
of Fig 1 to Fig 5, the ventilation (suction) hole (fl), (f3) and the
ventilation pathway (f2), (f ), (f5) may optionally be connected to an
apparatus for recovering the organic solvent which has 25 functions of

cool i ng, adseptic@ndetien dxdigletentidghel¥asinff tht drﬂg)anT@ solveatt i C
acid-glycolic acid copolyner (average nol ecul ar weight: 10,000; lactic acid
. glycolicteeasd sulsidel; PLEA 5010, manufactured by Wako Pure Chemi cal

I ndustries, Ltd.) (0.45 g) is added nethylene chloride (specific grade
reagent, nanuf acThesd rhythiadsafmnevapddaeivreal otgrhistgdlesnt tdexpldingd g) .

and the mxture is mxed well with a m xer (Touch M xer MI-51, manufactured
by Yamat o) it mgrevdetmihbelmyeneous sol ution, which is used as an oil phase.
The oil phase is added to a 0.5 % aqueous sol ution of polyvinyl alcohol
(Po%al 220(Q) manAfmethoddflpadsingragaon, tHa dpposide mide ofieehiBidmef m xt ur e
is enulsified with a honogeni zer (POLYTRON Honom xer; Kinematica AG

Littau, thel'ldigaﬁtﬁte@raratiohimerﬁbrat)e at 2,500 rpm for 5 m nutes to give an O
/ Wtype enulsion. (2) The emulsion is poured into a cylindrical closed
vessel (inner didhetpassisg ofrg ganmeay \ogl canriedB00t tHy) any comeeapismadt us as
shown in 15 Fig. 1 wherein 500 nL of water eviously added, and it is
stirred wi methegrsaeh as W@\nﬁngd@ycmmamé@eandaglerﬁﬁs b beepassedrthrpygh

manuf act ur ed by HEI.DON) whi ch are provided onto a three-one notor (BL-600,
manuf actuerPH&leﬁ@rlDG%tr%emG@sr b@ﬁ%@@wﬁf%ﬂ%@% gte f oWhe#e hour. 20
Thereafter, sinul taneousl y Wth stirring wwth four, stirri nq bl ades, the
aqdlous phBYsToRRherEs I gngdicinal aﬁﬁ|aé§sprme¢h Hilgrpredprahlngodiste: 20 Vim

provided at a.lo part of th ves is introduced into a silicone rubber
hol | ow fi b§FerhlﬁP\2f§HQ dastafree f&reé)yg%t hyl ene chloride i s evaporated of f
under reduced paﬁﬁsure gﬁute ressure: 8%@@5 kP to t he out side of the
hol | ow fi ber §riéte &&‘Lﬁ%‘hks BRNEEY gl 8 the silicone

rubber holl.ow fiber nmenbgan ber 4 32 m)dul is retyr to the
Laooel . it e BelEABly PO ACRE Doan & 2dders/ BoaU b pofhs

hour s. The useg sili cone rubber hol | ow f| ber menbrane nodul e i s NAGASEP
MA0- A (rnanfﬂ‘eap(':l 6?‘8836 Nagayanagl ‘Kogyo Kabushi ki 5 Kaisha) of the

f OllgOWi ng @em f'ACr%te'tﬁga ci]éc%%lqglsesss%gttg% or})oﬂols%c\é s1cf% of emmfgl%neof 'ﬁ'ge um
gas separation membrane:

The decompressing is carried out with a decompressing pump, é.
water-air pump, etc., and the decompressing is carried out so that the
difference of pressurelbetween the side of emulsion and said opposi-te

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



I nner dianeter of the hollow fiber nenbrane: 170 ~m Nunber of hol | ow

fi bers:) 3000 Effective area of the hollow fiber nenbranes: 0.3 P22 03)CTTRIS4
* content’s of the closed vessel are passed through a nesh defined by Japanese
Phar macopei a ( 100 nesh, opening size: 80 Vim and thereafter the

m crosphere particles are separated with”a stainless nmesh filter (opening
size: 20 Vinm). The mcrosphere particles thus 10 obtai ned are washed with
distilled water several tinmes and then transferred to a gl ass-nmade sanpl e
tube (the full volune: 5 nL, manufactured by luchi Seieido) and thereto is
added a smdrhpematunie. OfTHE préfelast wahge of@éﬂlﬂdﬁétlﬂie(mﬁﬁvéraﬂﬁp@ﬁﬂiﬂg ed
with a |lyophilizer (RLE52ES, manufactured by Kyowa Shi nku .) at -20C for
3 hours (ouheatortblapicessittea pssmwe ebtbdhidpiefePablyaset @t a 20 deratere
pressure: not nore than 0.3 kPa) for 15 hours to give mcrosphere particles
(aver age pef nhiotllewst zban6d boitjng Poéntrof the phgaricpseident tinderothteai ned (0. 01
g) is dissolved in chloroform (for high performance |iquid chromatography,
manuf act ur pdeunsyatKine opkagitkwside K )enubsioh) ahd gieveempeestursaspl e |i qui d.
The test sanple liquid (2 uL) is nmeasured with a gas chronmat ogram appar at us
(thé mai n betpllgGnity; ramge of 30oto 8°CAprefemabhr#Orteddb®IC Svhitedzmay2 0 OCT
2004 33 Corporation) [colum packi n?; Gaschropack 54 (manufactured by G
Sci ence)) vatruAnpeadpeg anuthe kirkdCof the sddteatt or: FID; injection
tenperature: 170C, nobile gas: nitrogen gas; flow rate: 60 nL/h], and based
on a cal i brati onBestdes, pnaanpustthost epthedbaive himosdemttarem®veol uti on of
met hyl ene chloride in chloroform the concentration of the test sanple
liquid is eSeciuelydtheaprgariesolventnfrom ghe esnuldienndiighnpref¢ratile tosyitrer e
particles to be used, the content of the nethylene chloride in the

ni cr ospher Enpgmsien by 2 conventionad stixging means, such aa4 ssreayotyppng 10
Exanple 2 In the same manner as descri bed in Exanple 1 except that the
stilfring pBrAERELR Stirrer types oF paRdiet¥ke.and the circul ation period of
time in the si Ii&glne rubber, hol | ow fi.ber msn‘oéanlg1 mpdul e is, fQr .one hour,

m crosphere part i FEYARYTAHGNA exganigesolesnt by dhgjatovsrmeghodsdse 15
produced. Besj de qEhe content of neth ne chloride in {he mcrosphere
particles RE eE%éb’u ape gty &FF‘ng’éFﬁ;n organielveRbN thexanmpl e 1-(3).

e 5 oo eSS SRR Bl € 320, B The 0L WLt gl fon
(1 et ol ook ot 0ayghle oL 00, ML) 1, U poperatus, show 1o
s i LR B AT Vo PG o BB o5 <0, Y
by HE1 DOV Alicdfife B b A STRERR b Mo Rukdertld HESHRYRLY. (e adueous
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 micros.pheres.
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



* hol | ow

20 OCT 2004 34 through a stainless nmesh filter (opening size: 20 hum

provi ded at a lower part of the vessel is introduced into a silicbiedGTudiBer
fi ber nmenbrane nodul e, whereby nethyl ene chloride is evaporated off

under reduced pressure (outer pressure:,80 kPa) to the outside of the

holl ow 5 fi ber nmenbrane, and the aqueou% phase passed through the silicone

rubber hol |l ow fiber nenbrane nodule is returned to the vessel. The

circulation is continued at a rate of- 250 nmL./ m nute for one hour. The used

silicone rubber hollow fiber nenbrane nodule is the sane as used in Exanple

1-(2). 10 ¢iz¢ dissalhéiosaretensinther gaseales mdlbedle in Exampdmbtans)and biee

contents of the closed vessel are treated to give mcrosphere particles

havi ng an st efdiffissivncihersofzimtof thebrembraesi dEke exhenplestthereof are

met hyl ene chloride in the mcrosphere particles was calculated in the sanme

manner as desbicohetibbermramplperaton- t@mbrane (pasidularlyta pasvgoeaibrppm

Exanple 4 (1) The O Wtype enul sion obtained in Exanple 1-(1) is poured

into a cyl membraneghadedihpdydimethyisiloganelktemergbramg prepared/byume: 800

m.) of the apparatus shown in Fig. 1 wherein 500 nL of water is 20

pr evi ous| yflél%(glh%mbbﬁé irtd ppeeusvpoly tettaflwaroethylgns! (efeJPAranet er: 5

cm propeller R type, manufactured by HEIDON) which are provided onto a

t hr ee- one Aet’d9) (Bm%mnymmgla@ltr@md pyembracr)(cht ChemicginFngingering,

t enper at ur nd_sinmul taneously, the aqueous phase passed t hrough_ a

st ai nl ess %%rl%hf LPP8r PPoFenlYy ST a6 mombrgnesrmaydee useddn dwige Qfsoplart of

t he vessel i odyced into a silicone rybber | qw, fi ber nmenbrane
modul e, 39;8%%5, rrrderablyr 1 Qo |550@Qafﬁg»r3@red r@%’ of theeaqueaup pbese200k
35 reduced r"gssure (outer pressure: 80 kPa) to the outside of the hollow
fiber nmenbk poéHHStIﬁS“é]a‘i?étﬁJs phase passed through the silicone rubber

hol,l.ow fi ber ane nodul e i.s retyr.,n to the.ves The Clrclatlonls
Coib e st aor A GRSk Re i SR Préﬁsaﬁ%wn<§ %ﬁeor&@éac SoIen

rubber hol how fhber tgge rane rmdu!]tg'gﬁ t he sa as use Exanpl e
1-(2). (2)¥he EPCEINIESHPHEE F?\eﬁ’x %84S (13 ?ec %Scontents

of the clo ess are trea edto ve mcr her e S havrn
aver age pa?vﬁﬁbl ﬁ%ei bRIY¢s é‘lemi %0 gr ? E%ﬁt%(fﬁ ch%
chloride i I her, artic al cul at d |n he rranner as
descri bed H"érgg %rﬁ%%:?)f%oiéé{e&r?‘igﬁf&?lﬁe%gr Q@ E © a’rrpl e 5 (1)
Toamxtur I ) n ,B1 ayerag 5 aneter:
3 Vim manu ac{lﬁfr ég 8?153%){1?8%8% Ofo‘ga%é]{‘%l 3% %"Sd ig/fl § ?Sé 1%6
copal ynmer lic acid =1
: ?g PLGA gg?g (m?’l 13)';32&11%%%&16 ‘éﬁ‘rogg%%rkn?%% lﬁrl?%h ?Auoééﬁ ll{dy (1.8
g) is adde Wad[&%; ), | wth a
bath type go i cator Fréonore;)%gbt%g{rcgmloﬁ&gﬂga rrang{agcﬂp?ﬁmgégﬂl%gtnderl ne)
to give a e dj r Si.0n; i H{}SS oi |
phase is aggggﬁ %P% h%gqg orr}g 2@(399022' o?ﬁ% If'&yvr n ETq{éS Be ¥
in a size ofO.l 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



al’cohol (Poval 220C, manufactured by Kuraray Co., Ltd.) (8 nL), and the
m'xtur% is enulsified with a honogeni zer (POLYTRON Honom xer ; gi @f tica
- AG Littau, the dianmeter of tip: 10 mm at 2,500 rpmfor 5 m ntite mive
an O Wtype enul sion. 20 oct 2004 36 éi) The emul sion is poured into a

cl osed vessel (inner dianeter: 80 nm ifiner volune: 800 nmL) of the
apparatus shown in Fig. 1 wherein 500 nL of water is previously added, and
it is stirred with four stirring blades (dianmeter: 50 mm propeller R type,
manuf actured by HEIDON) 5 which are provided onto a three-one notor

(BL- 600, mangd @it $810en PYyhidthdhhe dhed{itaiidMsalar ;@O tha S TRe ke Iof vter30
m nutes. Thereafter, sinmultaneously with stirring with four stirring

bl ades, t hpuagheasigaphaselnasiess hm@iu@g poisitdbMeeshafeeint bf wakted, @ahi ng
size: 20 um provided at a |lower part of the vessel is introduced into a 10

silicone rhebee, Wdidrow tehseraram®igappropriatelgscataselleethe Brixarpl e 1,
wher eby net hyl ene chloride is evaporated off under reduced pressure (outer

pressure: 86lveBa)carnstlretivalysbdaenfovedeirhepltewifthizepermehtienaatand thee
aqueous phase passed through the silicone rubber hollow fiber menbrane
nodsl e i s gesuwepadationtimenviersaed.. The circulation is 15 continued at a rate
of 250 nmL/rninute for one hour. (3) The contents of the closed vessel are
treated in the sdime empwation dbtor bbeanicnsdxenpietii tha)abavedgasol or

m crosphere particles (average particle size: 70 Vim are obtained. The

m cr ospher eeparatich egetthranebtan hedd¢he by priaus typesgloéanethaisashereto i s
added acetonitrile (5 nl) and the m crosphere particles are dissolved. To

t he sol uti srentigned W. 0.5 M aqueous sodiumchloride solution ( 10 nm),
and the mxture is subjected to centrifugation at 2,000 rpmfor 5 m nutes
to separat él)t heljsudatiphttabes. As to the resul ting supernatant, an
absorbance at 360 nmis 25 measured with a spectrophotoneter (UV-2500PC,
nmard@f act ured by SnPPEER ofshssmarigan, isdad teaereisite af the gBs fensratignye
previ ously 2.0 OCT 20Q .37 prepared, the content of vitam n Bl2 was,

est i mat ed, MHAPIABA, 1 WitHeh) thenevanonaonreghmestt of theoersmte seaventcises,

t he content g&ﬁvita in B12 in the njcrosphere particles was, calcul ated. As
a result, PPPligd: ang sftepesmpval off 8 QI Selvensl pedesaling BANAGS amount
of vitamn b EiZ used, the content of1 Vvitanin B12 in the m crosphere
particles SHEUMOISIEHIEREA 430K CBRISPR: odPHETE BFQFESSI R 888 o6 of vitanin

B12 used was taken into.the nicros t;lgrtge%rtl c gsb.urligfeeg Slru’raﬁhe cont ent of

met hyl ene CAPBFF RN HeTPrapiedisdd rm o 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,
manufacture;i 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.).



particles was calculated in the sane manner as described in Exanple 10
1-(3).yAs a result, it was 21,000 ppm Exanple 6 ( 1) To a m xtgupeT Qo4 i ne
* particles (0.25 g) of vitamn B 12 (average dianeter: 3 Vim manufactured
by Rhone-Poul enc) and a |l actic acidglyc ﬁi c acid copolyner (average

nol ecul ar wei ght: 10,000; lactic acid 18“glycolic acid =1 : 1; PLGA 5010,
manuf actured by Wako Pure Chem cal Industries, Ltd.) (9.75 g) is added

nmet hyl ene chl oride (specific grade reagent, nanufactured by Katayana

Chem cal Industries, Ltd.) ( 15 g), and the mxture is mxed well with a
bath type soni calhe difqulation SUes i 46ibe rRABERES uistdiBycBatsiebune) to
gi ve a honogeneous 20 di spersion, which is used as an oil phase. The oil
phase i s abdeatkihg s@clrchldtioqaonp sothe fellowingmarvhéer! al cohol (Poval
220C, rrianufactured by Kuraray Co., Ltd.) (40 nlL), and the m xture is

emul sified w th ga)honoganietiesd CPQirciRNndowhidlx eomiiiisesredlkie Ay &i tt au,
the dianmeter of tip: 20 mm at 2,500 rpmfor 5 25 mnutes to give an O/ W
type emul sporntiof 2)f thieeaspnedss phaiss qfdilreeeimiuisionaas wl portior af theosed vessel
(i nner 2 00OCT 2~0~ 38 5 10 15 dianeter: 110 nm inner volune: 1 L) of

t heSappar acogilsiiown in Fig. 2 wherein 500 nL of water is previously added,
and it is stirred with a magnet stirrer (IS-3DS, manufactured by | keda

Ri ka) and a Tef r Srieerdicat of the migugopiscphagad 0f theiemuisieh maydsdcapriedt room
tenperature, and sinultaneously, nethylene chloride is evaporated off from
t he vessel oby byspagsingdijie eninilsian thidugine filteberghal stmintassemesbnibitane
modul e inserted within the vessel, wherein .njtrogen.?as is passed through
t he i nsi deaglasséiltes) hawramierfdterfher iyt utlemgytize differencedimperifiat e of
4.5 L/mnute. This treatpent is carried out for one hour. The used

cyl i ndri caBrayity betiweeniberongenionhiasseandthbrasneosdphese PyNASKBERN
M60-1800 in a cylindrical shape of the follow ng specifications: D aneter
of 1Phe cyl PRjeRY-d9WRALWid-Bauitsosterfipy apparakvs {gtibiging aneitraatan ber
menbrane: | nner_dianeter of the ho]| ow fiber nmenbrane: ter dianmeter of

the hol | owHaTHeACHE efolimbékaskai§re ot berimongahese mmethed's 220 m
o o AL g ST e e R f e SR, 022
e e B\ A el 5 B GPAMRP S PBbbles (oner e
as described in, Exanple 1,(3) and,Exanp]e 5-(3), the content of yitamn Bl2
Bnd tho. CORVEIRTISHS SETHIAEHE ROPPRIam ol THE Artsatls BBARE AR RENCE Hecdlor 6 2. 3
& ?gd 36, Opaqrorably 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 circﬁlating 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



20 OCT 2004 39 ppm respectively, and 90.3 %of vitam n Bl12 used was taken
into tf}e m crosphere particles. Exanple 7 ( 1 ) To a m xture of 0f 0CiE 2004

- particlles (0.1 g) of vitamn B 12 (average 5 dianmeter: 3 Vim nanufactured
by Rhone-Poul enc) and a lactic acid glycalic acid copolyner (average

nol ecul ar wei ght: 10,000; lactic acid g??‘col icacid =1 : 1; PLGA 5010,
manuf act ured by Wako Pure Chem cal Industries, Ltd.) (0.9 g) is added

met hyl ene chloride (2 g), and the mxture is mxed well with a bath type
soni cator (Sonorex Super 10 RK514BH, manufactured by Banderine) to give a
homogeneoupetkiedoetiesli i@Norddt @pf@vdﬂﬁ%@élo?@ir@,'ar[&l%‘%his'r Bs®iik iphase i s
entered into a cylindrical closed vessel (1nner dianeter: 80 'mm i nner

vol ume: 80@referable &hdvboiipress the.ophtied side 6F Smilsidrestthesphyti on of

pol yvi nyl al cohol (Gosenol EG 40, manu 15 factured by The Ni ppon Synthetic
Cheni cal | gdpatdtioanembréine ¢409 wirn ithe Previsivaity e breddedrieitd tthes

emul sified wth a honogeni zer (POLYTRON Honom xer; Kinematica AG Littau,
the di amet enedfideial:theOgamrpepardididenémibraae, 3 minutes to give an O Wtype
emul sion. (2) The emulsion is stirred with four stirring blades (dianeter:
50 30 mm propel Tee Rethpd, ofmemdbadtafrthe dngadit BoN)enthinctheacecptatidrded ont o
a three-one notor (BL-600, manufactured by HEIDON) at 400 rpm at room

t enper at ur égypocadbaercantied .oufthwithadh exppagiatuk tcameprising the folsdwing ng with
four stirring bl ades, the aqueous phase passed through a stainless nesh
filter (opbasiyelkiments2mrdthe vespelderddlingtthe ¢mwdsiopamayodptibeallgdsel is
introduced into a silicone rubber hollow fiber nmenbrane nodul e as descri bed
i n Exanpl eequippedwitiz@ofiteor,1an wireasid: dowrhliieid-lichlidrdadmtesflewapor at ed of f
under reduced pressure (outer pressure: 80 kPa) to the outside of the

hol | ow fi ba&pparatas.t he aqueous phase passed through the silicone rubber

hol | ow fi ber nmenbrane nodule is returned to the vessel. The circulation is
5 é8ntinued at alltate 8fvessel fay flling anfegpudsienhour. (3) The contents of
the cl osed vessel are transferred into a 50 nL vol une Tefl on=nade
centrifuge tube HHd ceAt§as separaliam mepdianeirngduls igaewrprratiog sfrn
manuf act ur ed by, Kuhot a ghoj' K K). at 2,000 rpmfor 5 mnutes, and the
super nat anPTE&NG; SRR @M the PRBLSIBNE at ed 10 particles are washed with a
smal | amount of er, and subjected to the, centrifugation |ike the above.
This centri fugatﬁg i s2rdpdedion RrERWeY HERichsenpaets thaavessadmng Has

m crosphere particles are Igo hiliz in the sanme manner as described in
Exanpl e 1 B85 §CParabgnIges: ’?ﬁprl?r e@h& ticles (average particle size:
34.8 Vim. 15 By,calculating jn the sape nner as described.in Example 1
(3)1§and Exanpl e 84 3), 2t TSfCuratng tas i I%Gﬁfﬁ‘ég}é‘&hﬁﬁﬁs of

nmet hyl ene ¢hl oritde in%};rg)e n‘icroglﬁﬂere particles were 7.9 % and 13,500 ppm
respecti veF?Pa’éﬁ‘léoniér.l FEPETPEN R B12 used was taken into the ni crosphere

particles. éo =8 Is?né 1) To a mxture of fine particles (0.1 g) of
vitamn B !L (‘average i ‘ter: 3 um manufactured by Rhone-Poul enc) and a

acti ¢ aci d ol yoorte BaheCeqnbieq AERHIBHGH: drip by ohdnb BAs, o

Cheri cal 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



~ 2004 4

25 Industries, Ltd.) (0.9 g) is added nethylene chloride (2 g), and the
m'xtur§ is mixed well with a bath type sonicator (Sonorex Super (0 02D 2084T
RK514BH, nmanuf actured by Banderine) to give a honbgeneous
di spersion, which is used as an oil phaég. The oil phase is entered into a

cylindrical closed vessel (inner dianetér: 110 nmm inner volune: 1 L) as
shown in Fig. 4, wherein a 5 0.5 % aqueous sol ution of polyvinyl alcohol
(Gosenol EG 40, nmanu factured by The N ppon Synthetic Chem cal |ndustry
Co., Ltd.) (400 nL) is previously filled, and it is enulsified with a
honogeni zega Bep¥FRdnHaRRh e e, dfideidrides @hdGinlbidfate ghieseharmics of
tip: 20 nm at 8,000 rpmfor 3 mnutes to give an OQWtype emulsion. 10 (2)
The enul si atembrahnersted] betdelecteddiehs sbimake it FiSt3Dbe kpalof ted ured by

| keda Ri ka) and a Tefron-coated stirring piece (40 mMmin size) at 600 rpm
at room t eopgamicupleasand si nul t aneously, nethyl ene chloride is evaporated
off fromthe vessel by using a cylindrical silicone rubber hollow fiber
menbr ane nodul e Theesdpedationhnrerhbeane s dasiddllyvier eamenas thgaetbgas i s
passed t hrough the inside of the hollow fibers. The nitrogen gas is passed
at & rate oircolar typa ofitembhaset r Ewevrdr, vdharathe etnalsiof as stiveedhdor. The
used cylindrical silicone rubber hollow fiber nenbrane nodule is the sane
one as usedontadtiagphe ednulion3p thivegas saparation snenrdated, inist he sane
manner as described in Exanple 7-(3) to give red color mcrosphere

particl es paslerable tmused busidie of 2wllowiiber sBpacation! mermbranes whishnme
manner as described in Exanple 1 (3) and Exanple 5-(3), the content of

vi tani n Blarafigurpd inonplate of cplindsicaysbagechl ori de in the nicrosphere
particles were 7.3 % and 12,900 ppm respectively, and 73.0 %of vitamn
B12 used was tak&heimeshedof removal of the ergaguc sobreatpwithethmimiesnsing
Exanple 9 (1) Tg a mxture of fine particles (0.1 g) of vitamn Bl2
(av€rage d ngaS:?epiaﬁﬁtlﬁan@paébm%lwam OUBJ EsH)E andeRPRERUS aci d
5 glycolic acid.copal yner (ayerage nol ecul ar weight: 10,000; lactic acid
gl ycol i c aEPERIIsing ;Slpﬁkbﬁtéﬁltg, ONAREASEETEd’ by Wako Pure Chemical.

I ndustries, Ltd.). (0.9 i s.'added. net hyl ene chloride (2 g), and the
mxture is m'xedzll/vell fi tesssl %%It MERNGAIESIPBy 8nonor ex Super RK514BH,

manuf act ured by nderine) to give a honpgeneous .10 di Spersion, ichis
used as an oi l pﬁﬁse. ST PRI Fge%g)ggaetrgoguge; Boiﬁea‘ﬁ%’%’f?ﬁe dPution of

oy vyl ol Ol 2205, TR seLtrG) DL a8 O0 Mg 6 T

Li tkau, t h&g%?nr{'ﬁts%n.()f tip: 10 nm at 2,500 rpmfor 5 mnutes to
(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



15 give an O/ Wtype enulsion. (2) The enulsion is poured into a
cyli ndf)i cal closed vessel (inner dianeter: 110 mm inner vol ung g HCE) Wk
 shown ¥n Fig. 5 wherein 500 nL of water is previously added, and the

m xture is stirred with four stirring bgsdes (dianeter: 50 nm propeller R
type, manufactured by 20 HElI DON) which e provided onto a three-one notor
(BL- 600, manufactured by HEIDON) at 400 rpm at room tenperature, and
si mul t aneously, nethylene chloride is evaporated off fromthe vessel by
using a cylindrical silicone rubber hollow fiber nmenbrane nodul e inserted
wi t hi n t hewitlsisethe phthwiay and pegsing asgdsstipassddthd batigilet dfethizbgasmsi de of
the hollow fibers for one hour. The nitrogen gas is passed at a rate of 3.6
L/ mi nut e. Sapamfientrhgmhwiane cothé direstionheoymatesi togthed flow2of0tHeCT 200g 43
nitrogen gas under the same conditions, water having a tenperature of 40C
is circul acetilsiomw t he jacket outside of the closed vessel with an
apparatus for circulating water having a constant tenperature (RW6,
manuf act ured by Regardingththis miethedutls oricfesplieriesucan chbtiomoarsly $eni t h
continuing the passi__ng of nitrogen gas under the sane conditions, the
t enPer at ur Prefuced witheut soing eagheiimes(hadrh ey stemp dize aperationsrafcedur e f or
renoval of nethyl ene chloride is continued for one hour. After conpletion
of the profifi#ug of theimubiienioteg Yerseharssnavrloe! tha prgamicgmivemidandt he
sanme conditjons, the ierrper ture of the 10 circulating water is lowered to
about 5C, Aheraicrsriiesting the saisrespheras frapbtine 3oeserin epmirastike theed
cylindrical,silicone rubber hollow fiber nenbrane nodule is the sane as
used i n ExSHgMéagon typepianethaed o5 the isnmesaingitine ehmethad. nanner as
described in 15 Eﬁgﬂ;l e 1-(3) to give red color mcrosphere particles
(average particl €D§isRPAELS tg; g Used iathe Precets einthempresent inygAsiomns

T i LT el Sy
acid = 1 :PI¥S ; r F¥ % RGLFRENH (0. 45 g) and
L1 L0 D S T ! SR A 4,
Chemycal I ﬁg%%g érliggfsﬁ)(§ E?’ é&‘}érfgg%ﬁg%gﬁ‘ﬂls%fha’%f: rgggséeginflg&s éfoé}fel%y é"‘\a/\gent ,
mature | siebd TLRMARRIE R e 8 R e Bpr i i P el oy
dryness by "o o A BAREBYAdSBHH Bt mbinRrbHIGRs SRR e  roryo
Ri kaki kai Gfetholt & or_?_ﬁg&%i?lqtaﬁfeagpﬁ%t\ﬁsogf %Héoﬁlﬁ LR m)gk‘ﬂ;l?ﬁcﬁ@ger '

nitrogen current. 1 gani ¢ solvent therein I urther

evapor at edcefbordya %%\&I%)ga{igﬁ? @aﬁ?‘gl?a{déjehEéé&%rir%%)@ﬁ%jro%%?gogo hcentrator,

manuf act ured by SA ve a Id solution. To the resulting

solid sol ugkRauks géggﬁ%rﬁﬁllfﬁ’ykh@rtﬁ' %ﬂdtﬁ@ df r%c%eriﬁgctﬂlﬁﬁoéﬁ% e is mxed
wel | by using a mxer (Touch™M xer -51, 15 manufactured by Yanmato) to

gi 6 a honegrAA8t§aEOhH!dPParaMiisCdT reToVEARgas IGWR rlcePtPsBon (03) The oil
phase is entered Irnto a cylindrical closed vessel (inner dianeter: 100 nm

i nner vol ugBlorbcAPBomlek hasst M) airﬂaB'Paraﬁ;s vhaasbibidOwit g AUERYS

sol ution of polyvinyl alcohol- (Gosenol EG 40, -
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”



20 manuf actured by The N ppon Synthetic Chem cal Industry Co., Ltd.) (400
m.) is previously filled and to which a plate-type silicone ruppegcthegol ow

* fiber fenbrane nodule is provided, and it is emulsified with a honogeni zer
(POLYTRON Hormom xer; Kinematica AG Litbatlj, the dianmeter of tip: 20 mm at
20,000 rpmfor 3 mnutes to give an O/ 25 type enul sion. The plate-type
silicone rubber hollow fiber menbrane nodul e used i s NAGASEP Ms0- 290L- 650
of the follow ng specifications, 2 0 CCT 200 45 and during the

enul sification procedure, the nitrogen gas is passed through the inside of
the hol I owntadvefadteréd dyeKairiraot@lLed Ohnd. &h kppairath€ folrh88611ivg dredgt h of
the hol |l ow fiber nenbrane: 290 nmm Thi ckness of the hollow fiber nenbrane:
60 ~m | nnecoddansingg agfad bfalmlvent fri ev covbnarstio? OHalomegdat’er di anet er

of the hollow fiber menbrane: 320 um Nunber of hollow fibers: 650 Effective
area of themdoufamtuteddry Teybbatks; L6d15 n2 (4) After the enmulsification,
the tip for emulsification is quickly 5 taken out while the passing of the
nitrogen gas is Ghetmicedpherdsigrepared ibyr e prddessonfrthet presemg bl ades
(dianeter: 50 mm propeller R type, manufactured by HEI DON) which are

pro®i ded omverdiomhege-separated andBtedederedriirarhaitteuemach  SipnHEEON) at 400 rpm
at roomtenperature for one hour, by which the nethylene chloride is
renoved fr evaporation wédhelaorgabic Abtventdanpleiriventiinglraetivod eugshoasdur e,

the contents of the closed vessel (dispersion of mcrospheres) are passed

t hrough a seafmfugatiomshilteringeor (sepeeming.si ze: 20 Vin), and transferred
into a 50 nL volune Tefl on-nmade centrifuge tube, which is centrifuged wth
a 15 centri f ugal Magsavar.ovherntsomicragnlteres aredhestedupiarathgnbpilingk. K. )
at 2,000 rpmfor_10 m nutes, and the supernatant is discharged. The

preci pi t at aipaet the exganic splyertinamagusaas phagsutel., ofP HapicatigngNo.
sub'bect ed to éhe cent r%]l‘iﬁl;?at_i on |ike the above. This centrifugation is
repBat ed t Aled?pPRbSr diirf trith fiealing abst sovedng withsphadsiiye thasing aar e

2 0 CCT 2004 46 transferred to _a glass-made sanple fube (the full volume: 5
mL, manuf aB8h faelbing perit (& iFtby 9 4wl 4 héh dhs resnainieg orgamig Folyedint of
distilled water, and tge m xture is lyophilized with a | yophilizes

( RLE52ES, ﬁﬁﬂﬁ?éaﬁ?rapgﬂ by Kyowa Shinku Co.) at 20C (outer pressure: not 5
nore than 0.3 kPa) for 15 hours ito gi,ve.white colgr m crpsphere particles
(average particl g}lgir?éc.m?ﬂ]?ﬁﬁf? t%‘B")'S ohtaing %ggHéﬁéerp‘XﬁFﬁeagg’ SVobt ai ned

(a0t 2 o BRI T LA SR A% il G0 ™
medsur ed_ by Tt ARk S4B byt e AL R Py 0 288 f BUSPRS oust y

o “The. wei ShEcF RSy serh AL IR B garkE 2B e Bt e carent
osi des. whaOTe aRtEEr Seliheyin ShE Rl Sier ToB ARRYE trbhitiRuide® Loea
the content,qf Sﬂg%&ggﬁgflggghg%}&r?r osphere particles and the produced

amount of mcrosphere par
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 um 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



chloro

t he medi canent used was taken into the mcrosphere particles. (7) The
m cros5)here particles thus obtained (0.02 g) were dissolved 207 procT 2004
orm (for high performance |iquid chromatography, nanufactured by
Kanto Kagaku K. K.) (1 nmL) to give a tes‘)FI sanple liquid. The test sanple
liquid (2 ~L) was neasured with a gas c 7omat ogram apparatus (the main body
GC- 14B, Integrator CR-7A, manufactured by Shi madzu Corporation) [colum
packi ng; 25 Gaschropack 54 (manufactured by G. Science), colum
tenperature: 150C;, the detector: FID;, injection tenperature: 170C, nobile
gas: 1 2¢e.gotpigiiehtd coldrtampby gitingf fhewenatdiciflenits Hnaging based on a
calibration curve previously prepared with a standard sol ution of nethyl ene
chl ori de | matiekisfintarthe¢ beganicphas ahiring ahetpgre paestionasflhe | i qui d was
estimated, and then in the |ight of the weight of m crosphere particles
used, the BicomsEntres atidehertcéytamdbechbed foemeadithmerits) asphearbgrarticl es
was cal culated. As a result, it was bel ow detection limts (i.e., below 100
ppm Exanppeptts,Taqucsws inksof the dikepby pateadirignthd eddiieesranner as
described in 10 Exanple 10-(1) (double anmount of Exanple 10-(1)) is added
met Ryl ene chl ori be ce3e @f minrdspheres gontaining medidanethtshyhegimay dbenirxer
(Touch M xer Mr-51, manufactured by Yamato) to give a honbgeneous sol ution,
whi ch is uske fagmaf fone gpanules, Buspsinisiphssembsddeddypd prepelretioass i e
manner as described in Exanple 10-(3) to -(gz(. except that the anount of 15
a 0.5 % aqiRi6aY0Bs) preparationpRpplying tel duhekin, andeasdpe adsimatered
Exanpl e 10-(3)l to give white color mcrosphere particles (average particle
.size: 7 uRjallper parenterallyglintrarpuseular imeriion asubedtanenis injestiampl e 10
(6) and -(7),, the content qf the nedjcanment and the content of 20 nethyl ene
chi ori de i AdmHEisiratisgomde dlpadvespel REEFEtaneoRsfemBYsEEsiomespect i vel y,
and 100 % of, t.he nedi canent, used was taken into ghe m crosphere particles.

Exafipl e 122¢IRISGRIANSHR TS eAUH rReREENE{PEROTE RBVIENREF vaginddscri bed in
chlor d6. (A3gynISizgtiohe BRF FFGIA ACmiRERRYEM SRyl ng a mxer (Touch 2 0
Crt 200 45 M xeryleR e TRRYLSE M R YATR Ol 2 LY, S Iomacnenes |
SATe el B8RSSR R Gl gtk Bk b TERE b B R
oDl 100 od il SEp bl 5150 Rr HEORRITIS BEELR LR RATRRL Lol
(6}sand - (17i);ui<i %?eﬁ&f‘ét%‘ﬁ b(glf irfc%?nggéiﬁgnéeaisp%r}giﬁghgggr? Eee.g[, r?gnionic
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'



nmet hyl ene chloride in the mcrosphere particles were 10 % and 270 10 ppm
respectively, and |00 % of the nmedicament used was taken into tfg qgcT 2004

- m cros})here particles. Exanple 13 A polylactic acid (average nol ecul ar

wei ght: 20, 000; R202H, manufactured by Egehri nger Ingel heinm) (0.225 g) and
| euprorelin 15 acetate (LHRH derivativey®manufactured by BACHEM AG (25 ng)
are wei ghed and put into a glass-nmade test tube, and thereto is added a

m xture of nethylene chloride (specific grade reagent, nmanufactured by

Kat ayama Chemi cal Industries, Ltd.) ( 1.3 nlL) and ethanol (specific grade
reagent, naditiswirsieg. psodwraumo@@én palassngshiiesxide! HyliradéhloBic25 n),

and the mxture is mxed well with a m xer (Touch M xer 51, manufactured

by Yamat o) atiul,gplves phdrdorgideoitticedid] bralic Beid, safbdriiemdi@, syapoaaided to
dryness by using a block heater (Dry Bl ock Bat h MG 2, manuf act ur ed by Tokyo

Ri kaki kai @oginihedlysiheatted).at about 60C for about 30 m nutes under
nitrogen current. 25 Then, the organic solvent therein is evaporated off by
using a scal ed down |yophilizer (Speed Back Concentrator, manufactured by
SABATO) 20 OCT 2004 49 to give a solid solution. The resulting solid

sol Gtion | EXAM®PIES i n t he sane manner as described in Exanple 10-(2) to
-(5) except that the anobunts of nethylene chloride and a 0.5 % aqueous

sol ution of pol y¥heypreseobhovestiandstilastmteddy the sellowirsBxpheples, After
conpl eti on of the above procedure, the contents of the closed vessel

(di sper si oROBRP@ATalivsE BireneplesaFxpeaiments, hraughouldalopengonsteneddiof beior i de
menbrane filter rrenbrane dianeter: 25 mm nenbrane pore size: 5 Vim

Bur apor e slimpted theestor act ur ed by Nihon MIIlipore Corporation) to separate
10 m crosphere partl cles. The resulting mcrosphere particles are

t ransf er r etExamgpl @P&@m&éug%ﬁipl e tube (the full volume: 5 ni, |
manuf actured by Juchi Seieido) and thereto is added a smal | am)unt of

di $Pi 11 ed wat er, TREcRRPR atRedr whieh mapha tised for prepatipgphidrogpheres

( RLE52ES, rTF uf actured by Kyowa Shjnku Co.) at. 20C (outer pressure: not 15
nore than © %Pﬁ?s‘?%tr“&‘f?fﬁm §r€é11E}FV@t©\%llﬂ@‘1golloﬁ0 FigeSosphere particles
(average particl 12.9 Vi 5 The m cyosphere particles thus obtained
(5 ng) are weigh ﬁar tparepare she dpicaose F’fﬁﬁ Pylu%ng t!GCSaFPR%raéHé %S‘ne

m'crospher artlc es ]Zr di ssql ved, g Hﬁg tion js adde
aqueous sot 1&-d EBIUBIBh tQ Pessuipctedh to ARanHMALEF rY’él%l?oj ected

The'r esul I filg éﬁ?ﬁ?i&%gﬂoo SR )L R Boetot sy SRee- et o SRS baced
on3,c2l! PLALIRIFBLS RUEYS QUSIY iRl T, e ConLent of eubror et
vl O of TACERBIEEE BRAG et Rl RS 6L 8 e 1 e
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 portiori 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 (e') provided in the closed

vessel (al).



2°0 OCT 2f10~ 50 result, it was 7.5 % Besides, when it was cal culated
based ©on the anmount of |euprorelin acetate used, the content of IM@ﬁEr@"i n
- acetaté in the m crosphere particles and the produced anount of m crosphere
5 particles, 84.5 %of |euprorelin aceﬁée used was taken into the

m crosphere particles. Besides, the co nt of nmethylene chloride in the

m crosphere particles was calculated in the same manner as described in
Exanple 10-(7). As a result, it was 520 ppm 10 Conparative Exanple 1 (1)
The emul sion obtained in Exanple 1-(1) is poured into a closed vessel

(i nner di anet er : F8P piepatingemimsphreS &y Abingdsn HpPuYaitls Fdshdwhhier ei n
500 nL of water is previously added, and it is stirred with four stirring
bl ades (di RigetrtheSémnilsiorptopeldutijeRddyficannanwhaet digeglis filyedikh BON)

whi ch are provided onto a three-one notor (BL-600, manufactured by HElI DON)
at 400 rprelasedomsstk(@iprandreeclinddchbhoHow @be heembragatmodhid (182 cl osed
vessel are treated in the sanme manner as described in Exanple 1-(3) to give
m cr ospheris imamerséddntine exudsio?) dvetldgesipration) irsiszeasyedd@dia\a m

Besi des, the content of nethylene chloride in the mcrosphere particles was
cal Bul at edvémtikatteors pathwayn(§) veish dgieing tde iemibsiom by 4 madnetds stirrasul t,

it was 31,000 ppm Conparative Exanple 2 25 ( 1 ) The enul sion obtained in
Exanpl e 1-(h*1andi a magnedcistirvirng plasdd?y eslsetely tireorgtimiceadven8h mm

inner volune: 800 nlL) as shown in Fig. 20 Oct 2004 51 1 wherein 500 nL of
wat er is pHevesutsipnitipdssedidnd pesmented sdravghn thetholiw fitierg bl ades
(diameter: 50 nmm propeller R t)l/pe, manuf act ured by HEI DON) which are

provi ded omesnbrame aadoiscctiisiently Brapooatedeoffitaciut efiths systepoNyndt 400 r pm
at roomtenperature for 2 5 hours. (2) The contents of the closed vessel
are treat eHISTEOY HEesmgranpheaes age desmedhisuthe closstpyessel (#). to gi ve

m crosphere partjcles having an average partjcle size of 73 um Besides,
thélcontent of rEPhPreRRripg BiFPSPHEres EYMsingsphaRParatyaas shewnms

cal cul ated_j n _the same nmanner as described in Exanple 1-(3). As a result,
it was 39, 0@ %&Eﬁe b phassane agusepsephaga pf the esnulsipartodes sukierted
Exanple 1-(1) i,s oureaﬁi,,nto a Ho ed veg}ssgl (1 nner 3di aneter: 80 pm, .inner
vol une: 80P AR)inaWatearying giegfilled in ayglasedvesse! fa’) gndematlsifiedhWéth ousl y

adied, and, oS ShpEL e WAR T out AL ng Bl ades (dh meter S0 I o

I one AR g Bl 400 TBOHISSLAT ST B (Ol 00, L oML, T oo

H g?gggh:;%rtog/iﬁj%?%% etg%ﬂlgxgﬁﬁﬂgsgﬁﬁ‘fec Eiobs%ccil \izensslczei( ?a%) Iise C%I‘-Cg.ﬁgtetcf) w%ﬁ/ gtirring
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 fhe
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 (€®) provided in the

25 closed vessel (a3).

For preparing microspheres by using an apparatus as shown in



average particle size of 77 Vim Besides, the content of nethylene chlaopide
in the mcrosphere particles was calculated in the sanme manner a2 WEEE M ed
in Exahple 25 1-(3). As a result, it was 50,000 .ppm Conparative Exanple 4
2 4 OCT 200 52 (1) The emul sion obtaing? in Exanple 6-(1) is poured into a
cl osed vessel (inner dianeter: 110 mm PAner vol ume: 1 L) as shown in Fig.
2 wherein 500 nmL of water is previously added, and it is stirred with a
magnet stirrer (1S 3DS, nmanufactured by | keda Ri ka) and a Tefl on-made 5
stirring piece (40 mmin size) at 600 rpmat roomtenperature for one hour.
(2) The coRign stinf oil thadeosnd atfssnls phtee of éhkadniilsibAeoSBéBumipetied as
described in Exanple 1-(3), but mcrosphere particles could not be obtained

since the toahein-wsaer doyirgohtdfifleddn 4 Qldsipreaiel (&) RralreheulBifledl witH he
enmul sion obtained in Exanple 7-( 1 ) is stirred with four stirring bl ades
(di anet er : ad3tomogepizepdi’).er ARet wneulsifyimg as toytied rinal HD1RONYibsi ch are

provi ded onto a three-one notor (BL-600, manufactured by HEIDON) in a

cl osed vesswmbranemddahe{ld) is 8amersed imther edfulsmmumeln 8018 sithiadonshown
in Fig. 3 at 400 rpmat roomtenperature for 1.5 hour. (2) The contents of
t heScl osedairdsspdssaceviar e ycadilationpathavay (frwith sisrdegdchebadulsioBxaypl e
7-(3) to give mcrosphere particles having an average particle size of 35.4
Vim 20 Besirmagnetipstiraer (ihYtand) ai magheticastirrimg méecealflesberdsdthe Exanpl e
1-(3) and Exanple 5-(3), the content of vitamn B 12 and the content of

met hyl ene ergaticdwlvent he the envglshen ds passed|aawd permeanted she [231]@00 ppm
respectively, and 79.2 %of vitamn Bl2 used was taken into the m crosphere
particles. ﬁégr expabraagtand ineficientlyssaporstad offi toneut df thesystem10 mm

i nner volune: 1 L) 2 0 OCT ~O-r 53 as shown in Fig. 2, a 1 % aqueous

met hyl ene 8RAJNEdBLE dhgtmnisrospherss pae farmed indie ¢lospdsvessel el with a
ma?net stirrer (LS-3DS, nmanufactured by _ | keda R ka) and a Tefl on- nade

st Pring pi ece (46 BFEPATISIZEICLASPARICE By UbiNGeharp@tus #eshawa in

si mul t aneoysl vy, thyl ene chloride was 5 evaporated of f, fromthe, vessel by
using a cy fg]dﬁ’itg‘?ﬂe%’iﬁﬁl@é’n@ GBEICRiNd than BeWaleharEing isoilled ip AGASEP
M60- 1800, cylindrica ape) inserted within_the vessel, wherein niLtrogen
gas was paglééﬁatvmséﬁgﬁ‘?‘%s] ﬁgldl)%ﬁyz‘é‘ fcafl\#g)l[hyy ﬁ%rfmsg}sbr@é}%yr&;&le-ﬁﬁb 1s

ni trogen gas_was Rassed at rate of ,130.n, .520 ni, 1.8 L, and 4 L/ m nute.
10 Wth thlénfr}f@ggdfl %ﬂiﬁ?mﬂ'ne[,n thisifyatiaR Atr 15Pased B& asanpl e '

i he ngﬁé@%ﬁ%&iﬁ ﬁﬁﬁ@%ﬁm@ﬁ%@ﬁédnﬁ%ﬁ@iﬁt o8 %%ﬁf@lf%msﬁr;de

T8t ¢ a6y AR BRRLS bafBrtaR e S difio TR Brsody aBHOPeiEtaEl Lt oo
oE i . - . Lor i

sol ut tony. URAR0YBY ABEL SaREERaRE N 15" B BT MR BTt PHE O Mg et age

of the congelbht 4,98 tﬁferérE}; ?%{a ?ﬂﬁéggggﬂé@aﬁf&qﬁe& !iHPth%; clgggtg lsvje?gilt o the

concentration of nefhyle ori ore the passing % of

th 56 0| i i : : ta.i
co(rargﬁ;?iog E'\llptl‘ﬁllt Fﬁg étl?bnée&%v%rgé%%{a g?@fﬁ.ﬁlﬂie é?g%% e%@%%t%%n@%l ins_ shown in

Fig. 6. 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
(f'), () 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



Experinment 2 The taltirelin-containing mcrosphere preparations obtained in
Exarrpl.g 10, 11 and 12 were considered as Mcrosphere 1, 2, 3, 33 get 4

- respectively, and 10 ng of each M crosphere was precisely wei ghed ana200
transferred to a test tube with a cap (¥$I ume: 15 nmL). To the tube was 20
OCT 2Q04 54 added a 1/30 M phosphate buffer (pH 7.4, 10 nlL), and seal ed.
The tube was put onto a rotating cultivator (RT-50, manufactured by TAI TEC)
in an air thernostatic chanmber (Bi ochanber BC-1200, manufactured by TAI TEC)
controlled at 37C, and shaken at a 5 rotational speed of 25 rpm Wth the

| apse of ptBscriPed ldoti: at:i&g@d@b&&d&d@iﬁﬂxerﬂﬁdet@moﬂ@w@r0nal 1/ 30
M phosphat e buffer of the sanme volune of the eluate taken was added, and
further theeighnte 11,000dlactdc seid : ghpedicdcidlhd ampPUGAOBOIE, trhagli-n

di ssol ving out from m crospheres were cal cul ated by HPLC nethod. The
accumnul at efactOredimynWadéo PaireiCled¢micH]TRd ukeriesalitd ¢ (Ot S gpisvaddedut from

m crospheres at 37C was plotted in correlation with the dissolution period.
The graph tiibytdntechbatids (spexificigrafle geagenBxapamiufenctuizdiby Katapanie! i n
acet ate-containing m crosphere preparation 15 prepared in Exanple 13 was
conbi der edCéEmﬂca.? bedhetres, Lahp (G 790g), laexdetic waistpreds sekgd weelydth and
transferred to test tubes with a cover (volunme: 15 nmL). To five test tubes
with a covarxen(Boyelepdixed MA'sS ddtwmhafartirgd by Yhosysohteglvefder (pH 7.0,
10 nL) containing 0.05 Tween 80 (polyoxyethylene sorbitan fatty acid ester,
manuf act ur BEMBIEEIEON R Utinghi which tpusedtas 3n dhphasest tube was seal ed,
and put onto a rotating cultivator (RT-50, manufactured by TAITEC) in an

ai r thernost ati cTBRRibPhagpiis@stdaseto BO - DXYoaqvepus selutien afypobayingmt)
controlled at 37C_ and shaken at a rotational speed of 25 rpm Wth the

| apse of prishgliRaval RR0Ceapanyfrctursd nKurakan Gsus Ltad3 28Lbeand i f uged
wth a centrifugal separator_ (KN 30F, manufactured by Kubota Shoji K K ) at
2,680 rpm Ry MEtHai enylsifisyeith ¢ hemagsnizard POLYTREN bigggonixer;

m crosphergs. The, supernat ant s .discharged, and in order to djstill

noi st ure oﬁf?e‘?‘ﬁém@ugg"&é%t%ﬁ ¢ dlamefes S tRide raeYiatcans0 g iorm ng
silica gel und%r reduced p ure overni.ght. To the tube was added

acet oni t r i PHIPLES £0 giye 3906??@ tﬁ??@@‘ﬁrsé Bsphere particles were 5

di ssol ved. . Then.,.a 0.5 M. i hl gri.d i 3.5 )

Codeg 1ot @ el rhe ErRulhiB S Do Rl i £ oy Buiial Qotash Ve stttk o nut es

1 t,h i.pitat . Th | t.i 1 1 00 uL d

by o otlinBlas Bt e TandDSahing; BORSm B Albat s At u TRt he”
t of i t at ined in the 10 .

CoTb et od Figh P WHsS el sERChT: Be TR IS Bt ekl AR PR e SHekBds pher es

Thus obt ai Pt TLEERbEERPRAES @Rl nl it BRiET R8PS accar dimg 1o
an eml oi of iy A REEE R ERPTIN WRuctlBE8 Rokided BRTR R BREREER e by
ml | . MY an
< evapor 2l b PRSI RAMARCLP HBHION 08 A50 SRR B AR RenBiedRhe ST e

i s evapora off Into € organic’s ~can be
renmoved ex{jeimd ot} efficiently, and further the procedures can be done in
a closed system

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



and hence, the inproved process of the present invention is extrenely

excel l.ent al so fromthe environnmental viewoint. 2 0 OCT 2004 (pOCTLAMNVE
*1. In)a nethod for the preparation of mcrospheres froman enul sion wherein
an organi ¢ phase containing an organicméglvent 5 having a boiling point

| ower than that of water and a hardly- er soluble polyner is enulsified

i n an aqueous phase by an in-water drying nethod, the inprovenent
conprising: ( 1) providing a gas separation nmenbrane; (2) supplying the
enul sion to be subjected to in-water drying 10 to one side of said gas

separ at i onnigdblediReetanted 3d théarwsel.i Mhelirdatiohddnichs@h¥@ it £ pateai ned
in said emulsion to the other side of said gas separation nenbrane. 2. The

met hod f or of RBSOpIEYanATLteNfopf2 Hotirespheres according to claim 1, wherein a
medi canment is contained in the organic 1 S phase. 3. The nmethod for the

preparati on of niTheasgdiksdxorrconidbaighbtios! Absr thembeafkemblaleidi canent is
contained in a ratio of 0.01 to 60 % by wei ght based on the weight of the

har dl y- wat BIAGASHH B 4ibAyreanuicthiredHsy Neigagdnbgi KoggoKepashikion of
m crospheres according to claim3, wherein in the medi cament - cont ai ni ng

or gani ¢ phieésha)hef thedfadboveimg spedficetiohy: di ssol ved or dispersed in a
solution of the hardly-water-soluble polyner, or an aqueous sol ution of the
medi canment .s.,di sper.sed ;i n, a solution.of the hardly:water-sol uble 25

pol yner, o?hf S &@Eﬁé’h‘{m(}‘%%ﬁ,‘?g%‘m}lga&ll&?- di sper seti*fh a di spersed

sol ution of one_ hardl ﬁ'fﬁaer' ol uﬁ%e pol ymer, which solution is 20 OCT
2004 57 di SpRFdigmeier o ghefollavotbenmarabrang: di y- 14 M sol ubl e pol yner. 5.
The method_for the preparation of microspheres according to any one of
clains 1 tHu@b@m@f%gp%owrfévqrardly-mt er-sol ubl e pdGafer is a

har dl y- wat er - sol ubl e bi odegradabl e polyner. 5 6. The nethod for the

pr epar at i oBfiettine ares phthe hoHowofikmmerobrereism 5, WBeméi n t he

har dl y- wat er - sol ubl e bi odegradabl e polynmer is a polyester of a hydroxyfatty

acid. 7. Tt?) et lilﬁg Jo%rte}l?se oftRE %ﬁgstécp geggelrgr%r;?as sbe%lr a'lsrough a mesh

defined by Jépanese Pharmacopeia (100 mesh, opening size: 150 pm)
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
transfefred 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, manufact{lred by Kyowa Shinku Co.) at -20°C for 3 hours (01:1ter

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 pm).

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 liquid. The test
sample liquid (2 pL) is measured with a gas chromatogram apparatus

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



according to claim6, wherein the polyester of a hydroxyfatty acid is one
10 or..nore nenbers sel ected fromthe group consisting of a popyl g¢t iggaci d,
- a copdl yner of lactic acid-glycolic acid, and a copol yner of 2

hydr oxybutyric acid-glycolic acid. 8 The nethod for the preparation of

m crospheres according to claiml, wherd8n the hardl y-water-sol ubl e pol ymer
is 15 contained in the organic phase in a concentration of 0.01 to 90 % by
weight. 9. The nethod for the preparation of mcrospheres according to
claim1l1, wherein the organic solvent having a boiling point |ower than that

of wat er i@o??_@ré’ﬂioﬁpfc%lﬁﬁ{’fpghé eqh8enhfspK Ba (ﬁ:@aﬁﬁﬁib‘%u?@&‘?gf%h”g of a

hal ogenat ed ali phatic hydrocarbon Sol vent, "an ali phatic ester ent, an

aromati ¢ hadiara DansRhueRiperayaL] PIBCCHRY ALARIEPORISOlrEdtiona ket one

solvent, and an ether solve The met hod for the preparation of

m crospher esmpeeRhdiend 2SI BbRIE, é@?@fiﬁidgﬁh@asqrf&ﬁmraté%d%@tmﬁsﬂm
boiling point 25 [ower by 15 to 6&: t han That™ of water under the

evapor at i 0Baged@ri hW2siHraio?f 8lirve pPerosly BRared With dReaABARPd for the

preparation of mcrospheres according to ¢claim9, wherein the organic

sol gent i ssohtidkahenedtilent ethlbride ihhehlorefapns, ot Sdmdh9htioAtdithene
chloride, chloroformand ethyl acetate. 5 12. The nethod for the

prepar at i otesafsarhpteolighéd és estiendtdid) aridtisd@imthe ligter &f thd weigtusous phase
contains one or nore nenbers selected fromthe group consisting of an

emul si fyi ngnisgespherz pattydedtbaneuead| tie ebhteler bivetid westhgrlene chloride

pol yvi nyl pyrrolidone, a polyvinyl alcohol, a carboxynethylcellul ose, a

met hyl cel | it the mizrbephtte partiolbscarOcglebiddied. 18 aTeeubttihocsf 25,000

preparation of mcrospheres according to claim1, wherein in the enul sion,
t he agueoupppiase is contained in a volunme of 1 to 10,000 tinmes the vol une
of the organic phase. 15 14. The nethod for the preparation of m crospheres
acdor di ng Exampler? 1, wherein the gas separation nenbrane is a
pervaporation nenbrane or a porous nenbrane. 15. The nethod for the
preparation of nirithesaene nanover disrdesarikeddhimEramplet eixcephshghthe
separation nmenbrane is a 20 pervaporation nmenbrane. 16. The nethod for the
pr epar at i oftivfingireriegieétsse 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 Examplle.
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



according to claim15, wherein the gas separation nenbrane is a
silicon-rubber pervaporation nenbrane. 17. The nethod for the%ﬁr@ﬁaﬁwxion

- of midrospheres 25 according to any one of clains 14, 15 or 1%, erein the
gas separation nenbrane is used in the formof a bundle of plural gas
separation 2 0 OCT 200 59 menbranes whftch form hollow fibers. 18. The

nmet hod for the preparation of m crospheres according to claim1, wherein

t he evaporation of the organic solvent to the other side of the gas
separation nmenbrane is carried out by one or a 5 conbi nati on of steps

sel ected fiomuassididie98noth 3ot @ Bing st Po ng p;g@;n&@@%&aé |Rer

menbr ane, decorpressing said other side of "the gas t1on nenbrane, or

war m ng t hga A BeOPeddH1GE iheroaild Bftol ® sBfidheORShBEHRoAbwW 1Begas
separation nmenbrane. 19. The nethod for the preparation of m crospheres 10

accor di ng hferabadie %d%,%&&tﬁ,ﬂfr{étﬁ?@& chloride fbadhyRlt¥d sTpediderg the
steps: taking out a portion of the enulsion; supplying the sane to said one

si de of thﬁbcﬁ@cé‘e&??é’ésiiﬂ UTBF R a8§ural gD kipal t6 eheldqlitdei & of eRelHdlRgy | i qui d
after the evaporation of the organic solvent into the original emulsion. 15
20. 5The nefibefl ni@hbrAfie PhAAHA AQlcblis PHARSPASSRS tREAYWIIAE dilicghai m 19,
wherein only a portion of the aqueous phase which is obtained by filtration
of the emuhsbloer hsllbakfibepuiembrdntrandslepd yétng riddetcs e vesseslai dhene si de
of the gas separation nenbrane. 21. The nethod for the preparation of

m cr ospher escAitime ds dongirived hoanealtd ofr2 20 mbheiiriwe fhreogathaepar ati on
menbrane is in the formof a bundle of plural gas separation nenbranes

whi ch form hol | ofhéiusedssilimotearyisiner holloWw fiber amamhbrane fmodute istles dryi ng
is introduced into an inner side of said gas separati on nenbranes which

f or m hol | osaifiebas sisaddnt Branrgjani-¢(2)sol vent is evaporated to an outside of
25 said gas separation nenbranes. 22. The nmethod for the preparation of

m ¢Pospher@  2ntloCrapddma@dnec esrdtisogiltad il Hxample W8}),cihe ¢hetanisdl e of
gas separati on nmenbranes which formhollow fibers is inrersed in the

emul si on, ahthe nlased gasel arpdssatedole giveimignosphdee plartigiad hagirsgepar at i on
menbr anes which formhollowfibers to evaporate off the organic solvent. 5
23. The neave@gedgrantinle pizgpaf 6iwm. of ni crospheres according to claim1,
wherein the organic, sol vent evaporated off is recovered by cooling or by
absorbing to a pBedidsssthstcemtent of mathylepe wbdoride inHbhepmipeasnhiass of

m crospheres according to claim1, wherein the in-water drying nmethod is
carried ouPafticles vag cakadatsd irthe mmannappsr asudeswibechan Fsxamapie i on of
m crospheres by an in-water drying nethod from an enul sion wherein an

or §ani ¢ phhdd)-coft & s talt wagS,€09aR@nt having a boiling point | ower

t han t hat }%f water and a hardly-water-sol uble polynmer is enulsified in an
aqueous 15E%REWIE 4aid apparatus conmprising: (a) a vessel for holding an

organi o solent TREH (RoCRPEMINOR EPLainad . FAerBRep A Abky PORFER abAnect s
the vessel a%?f?intdt}?cal closed vessel (inner diameter: 80 mm, inner volume: 800
mlL) 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
thi‘_ough 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



2p gas separation nenbrane nodule; and (d) a punp for circulating the

emul ston through the gas separation nenbrane nodule. 26. An a@@mOgT 2804 or

* the pﬂeparation of m crospheres' by an in-water drying nmethod from an
enmul si on wherein an organi c phase 25 cog%aining an organi ¢ solvent having a

boiling point |lower than that of water d a hardl y-water-sol ubl e pol yner

is enulsified in an agueous 2 0 OCT ~0~ 61 phase, said apparatus

conprising: (a) a vessel for holding an enul sion; and (b) a gas separation

menbrane nodule to be imersed in the emulsion in the vessel for
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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)
5 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:
20 ym) 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 out31de 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 Weigheel
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
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the microsphere particles was calculated. As a result, it was 7.8 %.

Besidés, when it was calculated based on the amount of vitamin
5 B,, used, the content of vitamin B, in the microsphere particles and the
produced amount of microsphere particles, 78 % of vitamin B,, used
was taken into the microsphere particles.
Moreover, the content of methylene chloride in the microsphere

particles was calculated in the same manner as described in Example

10 1-(3). As aresult, 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 homoge_neo-us
20 dispersion, which is used as an oil phase.

Th¢ 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
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10\ 10\  magnet stirrer (IS-3DS, manufactured by Ikeda Rika) and a Tefron-
coated stirring piece (40 mm in size) at 600 rpm at room temperature,
5 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 inside of the hollow fibers. The nitrogen gas is passed at a
rafe of 4.5 L/minute. This treatment is carried out for one hour.

10 The used cyhndrlcal silicone rubber hollow fiber membrane

module is NAGASEP M60-1800 in a cyhndr1cal shape of the following

specifications:

Diameter of the cylinder: : 100 mm

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

Inner diameter of the hollow fiber membrane: 200 ym

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 um) (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
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microsphere particles.

Exanﬁple 7
(1) To a mixture of fine particles (0.1 g) of vitamin B, (average

5 diameter: 3 pym, 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.) (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 volu-me: 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 Q/W type emulsion.

@) The emulsion is stirred with four stirring blades (diameter: 5.0

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 température for 30 minutes.

Thereatfter, 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 Examplé
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(outer pressure: 80 kPa) to the outside of the hollow fibers, and the
aqueous phase passed through the silicone rubber hollow fiber
membrane module is returned to the vessel. The circulation is
5 continued at a rate of 250 mL/minute for one hour.
(3) | The contents of the closed vessel are transferred into a 50 mL
volume Teflon-made centrifuge tube and centrifuged with a centrifugal
separator_(KN-SOF,. manufactured by Kubota Shoji K.K.) at 2,000 rpm
for 5 minﬁtes, 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 pérticles 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 parficles (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 rhethylene chloride (2 g), and the

mixture is mixed well with a bath type sonicator (Sonorex Super
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The oil phase is entered into a cylindrical closed vessel (inner
diameter: 110 mm, inner volume: 1 L) as shown in Fig. 4, wherein a
5 0.5 % aqueous solution of polyvinyl alcohol (Goseno.l EG-40, manu-

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.

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 microéphere particleé (average particle
size: 29.0 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

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
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Example 9
(1) To a mixture of fine particles (0.1 g) of vitamin B,, (average
diameter: 3 um, manufactured by Rhone-Poulenc) and a lactic acid-
5 glycolic acid copolymer (average molecular weight: 10,000; lactic acid :
glycolic acid = 1 : 1; PLGA 5010, manufactured by Wako Pure Chemical
Industries, Ltd.) (0.9 g) is added methylene chloride (2 g), and the
mixture is mixed well with a bath type sonicator (Sonorex Super
RK514BH, manufaétured 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
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H0%E 0 apparatus for circulating water having a constant temperature (RM-6,
manufactured by Rauda) to heat the emulsion for 3 hours. Moreover,
5 with continuing the passing of nitrogen gas under the same conditions,
the temperature of the circulating water is raised to 60°C and the
procedure for removal of methylene chloride is continued for one
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 Examp_le 1-
(3) and Example 5-(3), the conte.nt of vitamin B,, and the content of
methylene chloride in the microsphere particles were 4.3 % and lese
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
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ethanol (specific grade reagent, manufactured by Katayama Chemical
Industries, Ltd.) (0.5 mL), and the mixture is mixed well with a mixer
5 (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.

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, Littaﬁ, 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,
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L/minute.
Effective length of the hollow fiber membrane: 290 mm
Thickness of the hollow fiber membrane; 60 ym
Inner diameter of the hollow fiber membrane: 200 um
‘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 passihg of the nitrogen gas is continued, and it is

stirred with four stirring blades (diameter: 50 mm, prof)eller R type,
manufactured by HEIDON) which are provided onto a three-one motor
(BL76'OO, 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—BOF, 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

10H
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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
5 more than 0.3 kPa) for 15 hours to give white color microsphere
particles (average particle size: 7 um).
(6) The microsphere particles thus obtained (0.01 g) were weighed
and dissolved in acetonitrile (3 mL), and thereto was added a 0.035 M
formate buffer (pH 3.0, 2 mL), and the mixture was centrifuged at 2,000

10 rpm for 5 minutes. The supernatant (200 uL) was measured by HPCL
method, and based on a calibration curve previously prepared, the
content of the medicamenf 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:
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previously prepared with a standard solution of methylene chloride in
chloroform, the concentration of the test sample liquid was estimated,
and then in the light of the weight.of microsphere particles used, the
5 content of the methylene chloride in the microsphere particles was
calculated. As a result, it was below detection limits (i.e., below.100
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 um). |

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 uséd 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 Exarhple 10-(1)) is added methylene

.chloride (4 g), and the mixture is mixed well by using a mixer (Touch
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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
a 0.5 % aqueous solution of polyvinyl alcohol is the same as that in
5 Example 10-(3) to give white color microsphere particles (average
particle size: 7 um).
By calculating in the same manner as described in Example 10-
(6) and -(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, Ltc':l.)
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)
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described in Example 10-(2) to -(5) except that the amounts of
methylene chloride and a 0.5 % aqueous solution of polyvinyl alcohol

5 are the same as those in Example 10. After completion of the above .
procedure, the contents of the closed vessel (dispersion of microspheres)
are passed through a polyvinylidene difluoride membrane filter
(me'mbrane diameter: 25 mm, membrane pore size: 5 um, Durapore
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-
S2ES, 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 pm).

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 ch.loridc

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 y1L) 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
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microsphere particles and the produced amount of microsphere
5 particles, 84.5 % of leuprorelin acetate used was taken into the
microsphere particles,
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 um.
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 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.
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by HEIDON) which are provided onto a three-one motor (BL-600,
manufactured by HEIDON) at 400 rpm at room temperature for 2
5 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
average particle size of 73 pym.
Besides, the content of methylene chloride in the microsphere

10 particles was calculated in the same manner as described in Example

1-(3). As aresult, it was 39,000 ppm.
Comparative Example 3
| (1) The emulsion obtained in Example 1-(1) is poure-d 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
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wherein 500 mL of water is previously added, and it is stirred with a

magnet stirrer (IS-3DS, manufactured by Ikeda Rika) and a Teflon-made

5 stirring piece (40 mm in size) at 600 rpm at room temperature for one.

hour. |

(2) The contents 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)
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added, and it was stirred with a magnet stirrer (IS-3DS, manufactured
by Ikeda Rika) and a Teflon-made stirring piece (40 mm in size) at 600
rpm at room temperature, and simultaneously, methylene chloride was

5 evaporated off from the vessel by using a cylindrical silicone rubber

hollow fiber membrane module (NAGASEP M60-1800, cylindrical shape)
inserted within the vessel, wherein nitrogen gas was passed through the
inside of the hollow fiber membrane. The 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 chlofide 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 -éonsidered 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
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&O$#10%4H& (\be 1RadHR UL Jor thOVRO tatigd /B LidEsgtor) (RT+50yNTanofactuger by
TAITEC) in an air thermostatic chamber (Biochamber BC-1200,
manufactured by TAITEC) controlled at 37°C, and shaken ata

5 rotational speed of 25 rpm. With the lapse of prescribed time, the
eluate was taken, and then, additional 1/30 M phosphate buffer of the
same volume of the eluate taken was added, and further the same
procedures were repeated. The amount of taltirelin dissolving out from
microspheres were calculated by HPLC method. The accumulated

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



10H 10H 9! 10%H4& () - 7394.0%4& ()-1/ 10%4& ()-- 9$10%4& ()- |* 109% () -] hdEYNC
10 1 1, 1094& ()-1109%4& ()-1 z109%4& () -1 Z10%4& () - 20 OCT 2004

© 109448 X() - L$10%8 () - SNRIEYNC 10 1 | 10% () - 10%4& () - |
10%—I&'()-Ith%—l&'()-Ith%—l&'()-Ile%—l&'%

A- +dEYNC 10 1 1-110% ()-
| & 10%4&' ()-3(Y10%& ()-1y 10%& ()-$10%4& ()- |10%4& ()-7bC 10 1

10%4& ()-$10%4& ()- 10 10 10Y3 ! 109& ()- 1940%& ()-Y/ 10%& ()- )=CdEbC 10
111 10%4& () - & 9%40%H& ()-s! 109g&' ()-s! 10% & ()-s! 10%4& ()-& 10%& ()-0 Q
dEbC 10 1- @ 10%+&' ()- +! 10%4&' ()- mf10%4& ()- ( 10%4& ()-, & 10%4& ()-L$@
109%48 () - HiPrEIpliaEs. a The $GpdsifwuEs was ti8Esirgedr ah@Hri oktler to distill
10HOFL10%H&' () - 7$109& ()- /10%& ()-a"d"| ##$$$dEC 10 '
1f 1096&' () mdspare $if1teEnbs waDMERL (i) -288las89mede)desiooswr(JorgubsvgCez&dEDC
10 1 (109%& () -, &109%6& () - 99%$#109%6& ()- ! 10%& ()-93$109%6& ()- 109%6& () -
7&&& ' z'' ditive g€ usgdenyeducsd prosweard pvemizhbomlo the tabervasgdded
+1096& ()- *109B& ()-'" (RiS( T(U(a(d(bC 10 1 109%& ()-| %40%& ()- 105 105
1059 109%&acgtonitrile (1.5 mL) and the dried microsphere particles were
5 dissolved. Then, a 0.5 M aqueous sodium chloride solution (3.5 mL)
was added to the tube, and the tube was centrifuged at 2,000 rpm for
10 minutes to remove the precipitates. The resulting supernatant (200
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, thé improved process of the present invention is extremely

excellent also from the environmental viewpoint.
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1. In a method for the preparation of microspheres from an

emulsion wherein an organic phase containing an organic solvent
5 - 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, the improvement comprising:

(1) providing a gas separation membrane;

(2) supplying the emulsion to be subjected to in-water drying
10 to one side of said gas separation membrane; and

(3) evaporating off the organic solvent contained in said

emulsion to the other side of said gas separation membrane.
2. The method for the preparation of micfospheres
according to claim 1, wherein a medicament is contained in the organic

15 phase.

3. The method for the preparation of microspheres
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
poiymer.

20 4, The method for the preparation of microspheres
according to claim 3, wherein .in the medicament-containing organié
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

25 polymer, or the medicament is dissolved or dispersed in a dispersed

solution of one hardly-water-soluble polymer, which solution is
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5 6. The method for the preparation of microspheres
according to claim 5, wherein the hardly-water-soluble biodegradable
polymer is a polyester of a hydroxyfatty acid.
7. The method for the preparation of microspheres
according to claim 6, wherein the polyester of a hydroxyfatty acid is one
10 or more members selected from the group consisting of a polylactic acid,
a copolymer of lactic acid-glycolic acid, and a copolymer of 2- |
hydroxybutyric acid-glycolic acid.
8. The method for the preparation of microspheres
according to claim 1, wherein the hardly-water-soluble polymer is
15 contained in the organic p.hase in a concentration of 0.01 to 90 % by
weight. .
9. The method for the preparation of microspheres
according to claim 1, wherein the organic solvent having a boiling point
lower than that of water is one or more members selected from the
20 group consisting of a halogenated aliphatic hydrocarbon solvent, an
aliphatic ester solvent, an aromatic hydrocarbon solvent, an aliphatic
hydrocarbon solvent, a ketone solvent, and an ether solvent.
10. The method for the preparation of microspheres
according to claim 9, wherein the organic solvent has a boiling point
25 lower by 15 to 60°C than that of water under the evaporation conditions

therefor.
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5 12, The method for the preparation of microspheres
' according.to claim 1, wherein the aqueous phase contains one or more
members selected from the group consisting of an emulsifying agent, a
. polyethylene castor oil derivative, a polyvinylpyrrolidone, a polyvinyl
alcohol, a carboxymethylcellulose, a methylcellulose, a lecithin, and a

10 gelatin.

13, The method for the preparation of microspheres
according to claim 1, wherein in the emulsion, the aqueous phase is
contained in a volume of 1 to 10,000 times the volume of the organic
phase.

15 14. The method for the preparation of microspheres
according to claim 1, wherein the gas separation membrane is a
pervaporation membrane or a porous membrane.

15. The method for the preparation of microspheres
according to claim 14, wherein the gas separation membrane is a
20 pervaporation membrane.
16. The method for the preparation of microspheres
according to éla.im 15, wherein the gas separation membrane is a
silicon-rubber pervaporation membrane.
17. The method for the preparation of microspheres
25 according to any one of claims 14, 15 or 16, wherein the gas separation

membrane is used in the form of a bundle of plural gas separation
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5 combination of steps selected from passing a gas on said other side of

the gas separation membrane, decompressing said other side of the gas
separation membrane, or warming the emulsion which is supplied to
said one side of the gas separation membrane.
19. The method for the preparation of microspheres

10 according to claim 18, which is carried out by circulatively repeating the
steps: taking out a portion of the emulsion; supplying the same to said
one side of the gas separation membrane; and then returning a
resulting liquid after the evaporation of the organic solvent into the |
original emulsion. |

15 ) 20. The method for the preparation of microspheres
according to 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 said one side of the gas separation membrane.

21. The method for the preparation of microspheres

20 according to claim 19 or 20, wherein the gas separation membrane is in
the form of a bundle of plural gas separation membranes which form
hollow fibers, and a portion of the emulsion for in-water drying is
introduced into an inner side of said gas separation membranes which
form hollow fibers and the organic solvent is evaporated to an outside of

25 said gas separation membranes.

22. The method for the preparation of microspheres
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according to claim 1, wherein the in-water drying method is carried out
10 in a closed system.
25. An apparatus for the preparation of microspheres 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

15 phase, said apparatus comprising:
| (a) a vessel for holding an emulsion;
(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
20 gas separation membrane module; and
(d) a pump for circulating the emulsion through the gas

separation membrane module. _
26. An apparatus for the preparation of microspheres by an
in-water drying method from an emulsion wherein an organic phase
25 containing an organic solvent having a boiling point lower than that of

water and a hardly-water-soluble polymer is emulsified in an aqueous
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phase, said apparatus comprising:
(a) a vessel for holding an emulsion; and
(b) a gas separation membrane module to be immersed in

the emulsion in the vessel for evaporating off an organic solvent from

the emulsion.



