Speci f.ication SUSTAI NED- RELEASE COMPCSI TI ON, METHOD OF | TS PRODUCTI ON

AND USE’ THEREOF [Field of industrial applicafion] The present
i nvention relates to a sustai ned-rel ease €onhposition of a biologically
active substance, a production method thereof. [Prior art] Japanese

Pat ent Unexam ned Publication No. 97334/1995 di scl oses a sustai ned-rel ease
preparation conprising a biologicallyactive peptide or salt thereof and a
.bi odegr adabl e pol yner having a free carboxyl group at one end, and a
production nethod thereof. 3“%%%;%1 Ilcatlons for GB2209937,
(GB2234169, GB2234896, GB2257909 an i scl ose conpositions based
on a bi odegradabl e pol yner containing a separately prepared water-insol uble
salt, such as a panpate of a peptide or protein, or production nethods
therefor The patent publication for W95/ 15767 di scl oses the enbonate
( panoat e) ofS@&EA@NEDrRE%EASE&CQME%@EEﬂ@N) MERHQD $ifo dTst iPRODRSTION

therefor, angnfleg8ki pAEREGAt the peptide-releasing profile of this panpate
remains the same as inits use al one, even when included in a bi odegradabl e

pol ymer. [ Problens to be solved by the invention] To provide a novel

conposi tion {kabigoptaingustPil ogpsRldytasij ve substance at high contents,

and that is capab%ﬁﬁof controlling the rate of its release. I[ ans of

sol ving the probl ]present inve tlon relates to a sustained-release
composition of a biologically active substance, a

production method thereof.

[Prior art]

Japanese Patent Unexamined Publication No. 97334/1995
discloses a sustained-release preparation comprising a
biologically. active peptide or salt thereof and a
-biodegradable polymer. having a free carboxyl group at one
end, and a production method thereof.

The patent publications for GB2209937, GB2234169,
”GB2234896 GB2257909 and EP626170A2 disclose com9051t10ns
based on a blodegradable polymer contalnlng a separately
prepared water-insoluble salt, such as a pamoate of a
peptide or protein, or production methods therefor.

The patent publication for WO95/15767 discloses the
embonate {pamoate) of cetrorelix (LH-RH antagonist) and a
production method therefor, and describes that the
peptide-releasing profile of this pamoate remains the same
as in its use alone, even when included in a biodegradable

polymer.

[Problems to be solved by the invention]

To provide a novel composition that contains a
biologically active substance at high confents, and that
is capable of controlling the rate of its release.

[Means of solving the problems)
After extensive investigation aiming at resolving the



After extensive investigation aimng at resolving the

-2- & above problem the present inventors found that when the

bi ol ogically active substance is |ncorpd%ated at high contents in the
conposition by allowi ng the biologically active substance and the

hydr oxynapht hoic acid to be co- present during formation of the
conposition, and when both are included in the biodegradabl e polyner, the
bi ol ogically active substance is released at rates differing fromthose of
t he bi ol ogi ¢al | su t L R | of the
b|olog|caII§% |§%E§¥ gfa?@éagfﬁ %ﬁgp%§$§F Jﬁ%ﬁggﬁﬁ prepaEEJQ?% t he
absence of bnelbgmdegaxdagtevposymtancm|1-:=h *faf‘éQerRﬂr%tédeé'ste &g

control | abl osin h tes k [ §é ieaaalyner. The
Tventors oo et e Thr Eha e e e e

devel oped th@tpvesenbstﬁn@ﬁt ppd. the hydrogyraphirpic adHd ﬁ}oe%th nvent i on

provi des: resgﬁk au§gﬁ?afaﬁﬂafﬁbﬁa§§ Eﬁﬁﬁﬁﬁmﬁééltiﬁﬁﬂiﬁﬂﬁlwhdh both
b|olog|call active su ance or salt thereof, ¥% .gﬁ$aphth0|c acid or
rer

salt ther eoRreafdicdueddéfr AabPopeeadabLe %%&¥m (2) a
sust ai ned- lr%'J.%i%@i@ﬁmgshbt@ﬂea§ﬁ5§daﬂi§etﬂstlﬂfmiééd ablowmteser ei n ¢ he "

i ol ogi cal |y active substance is ol ogi £a (3) a
sust ai ned- r EE8EIRGHEOM it ﬂsﬁcﬁg g#ﬁg ?3£?%} %%g' %€5§P 'éﬁ%ﬁﬁ?%ﬁua
bi ol ogi cal | ¥raat the pephitdepastacohbbiRitiieni vfitthe biologiqafln

sust ai ned-rel 2 Lon.&C ( qu gﬁgﬁ
hydroxynaphtaﬁ: ic a%%g% %Eh% ﬁng ﬁiégégg ﬁhtﬁc;&g&a%%l@ éb eim e
sust ai ned- rebsa@@ecoﬁpabﬁtbéndagcéﬁdbhg P@lY@¢¥h(Wbl%ﬂxﬁﬁ¥%WRﬁeﬂ n the
bi odegr adablg %%'slé”% biny @Bnkebi]abM¥dbex¥a8650xY! tike o c&fif

(6) a sustained-rel ease conposition_accordin to ter n1g§

a- hydroxycaﬁﬁ@ﬂy oifc biedgoradable polymer. T inventor con

further investigation based on this finding, and developed

%hereln t he

the present invention.

Accordingly, the present invention provides:

(1) a sustained-release composition containing a
blologlcally actlve substance or salt thereof, a
hydroxynaphth01c acid or salt thereof, and a biodegradable
polymer or salt thereof,

(2) a sustained-release composition according to
term (1) above wherein the biologically active substance
is a biologically active peptide,

(3) a sustained-release composition according to
term (2) above wherein the biologically active peptide is
an LH-RH derivative,

(4) a sustained-release composition according to
term (1) above wherein the hydroxynaphthoic acid is 3-
hydfoxy—z-naphthoic acid,

(5) a sustained-release composition according to
term (1) above wherein the biodegradable polymer is an a-
hydroxycarboxylic acid polymer,

(6) a sustained-release composition according to
term (5) above wherein the a-hydroxycarboxylic acid
polymer is a lactic acid-glycolic acid polymer,



polyper is a lactic acid-glycolic acid polyner,

-3- = (7) a sustained-rel ease conposition according to tern1(6)
above wherein the content ratio of lacti® acid and glycolic acid is 100/0
to 40/ 60 nol % _ (8) a sustained-rel ease conposition according to term
(7) above wherein the content ratio of lactic acid and glycolic acid is
100/ 0 nol % (9) a sustained-rel ease conposition according to term (6)
above wherein the wei ght-average nol ecul ar wei ght of the polynmer is about

3,000 to about 10 sust ai ned-rel ease co si t,jon
according to term 8) a§8§ga&ﬂé% %ﬁf?% ew%ﬁ%ﬁﬂsﬁﬁﬁﬂﬁmﬁ?Qﬁ#H§9 {4 di° wei ght of
t he polynerﬁermah@dtab@v@OGhbme&boﬂhe560ﬂﬂ@nt ratio (dfl)lactsiustagitd- r el ease

conposi tion q&g&@&g@g CpaEQPnEES%Oapevgo w@yg&n&bige LH-RH derivative is a

pepti de represe of mu
5- 0x0- Pro-Hi s- Tr p(SéraTynsYaieadArglwﬁeZchselWOn ragrastins ©eu, DAl a,

DTrp, DSer (LR Qé’\@bo% PHes6h ABLhY cgn{:%xﬁ)% Ceet G %‘{51% aGy-NHerrl,

(12) a sustalned | ease conposition accor gtoterm ove, wherein
the tern nalandarBaepligr ggadcaat dAP/Bfmehe. pol ymer is 50-90 micronol per

unit mass (gram Qfggt B.esBQItXHﬁéd releaéé%orﬁ’pééhﬁﬂﬁrﬂ%dﬁl&ﬁfge tePposi tion

according to ter above, wherein the nplar ratio of_the

hydr oxynaphtif&i é@l&hSWeSHhPrFHBrEBF WeLoh herT8EFIE dReiectt e VI GR ¢
t hereof is fgorEnz lﬁme 4st abdut 3, ooﬁlﬁé @béthﬁommmbmplease conposition

sccord g (o' o1 ) R MAT e LD WAELASLY LS fo g thor o

I's contained at 1
conposition tamor(m)ngtuowet ghereéin abeveeightraverade mobaculare waimitance or

sal t thereoff 5%§r thEEyaﬁBh%bbﬁ b@o eﬁb&ﬁts§6u@6 in water,

(16) a sustalne se conposition according to ern1(1) above, mhlch S
i nt ended for |njedﬂﬂdna sustajineg- Eeh%@ﬁ%dpQWPQﬁ¥ﬁﬂRﬂrﬁFQQﬁang to

sust ai ned- r e85 q 300@bove, wherein the LH-RH derivative is a peptide
' represented by the formula:
- - 5-0x0-Pro-His-Trp-Ser-Tyr-Y-Leu-Arg-Pro-2
wherein Y represents DLeu, DAla, DTrp, DSer(tBu), D2ZNal or
DHis{ImBzl); Z represents NH-C,Hs or Gly-NH,,

(12) a sustalned release comp051t10n accordlng to
term (6) above wherein the terminal carboxyl group '
content of the polymer is 50-90 micromol per unit mass
{gram) of the polymer,

(13) a sustained-release composition according to
term (3) above, wherein the molar ratio of the
hydroxynaphthoic acid or salt thereof and the LH-RH
derivative or salt thereof is from 3 to 4 to 4 to 3,

(14) a sustained-release composition according to
term (13) above, wherein the LH-RH derivative of salt
thereof is contained at 14% (w/w) to 24% (w/w),

(15) a sustained-release composition according to
term (1) above, wherein the bioactive substance or salt
thereof is very slightly soluble in water or soluble in
water,

(16) a sustained-release composition according to
term (1) above, which is intended for injection,

(17) a method of producing the sustained-release com-



-4- . position according to term (1) above, conprising renoving the
solvemt froma mixture of a bioactive substance or salt thereof, a

bi odegr adabl e pol yner or salt thereof,‘ahd‘hydroxynaphthoic acid or a salt
t her eof (18) a nethod of producing the sustained-rel ease conposition
according to term (17) above, conprising m xing and di spersing a bioactive
substance or salt thereof in an organic solvent solution containing a

bi odegradabl e pol yner or salt thereof and hydroxynaphthoic acid or a salt

t hereof, an u 1 I N e ganic. s %ﬁﬁp,. : met hod
of produci ng°§ Egigﬂsﬁ g?hﬁaigg}){égsge%gn%ggi [ o‘?\e 'agécoo |lr§59l 1% 5% 3n) )
above, wher &he shévBnsafrpmeasnbstane cobra skileactisieesubistaneea e f orm of an

agueous sol gahentnereﬁf(g@ Pﬁgagﬁﬁé&gﬁi&wgﬁ@é AN Hher®dee! Brigl /)

above, wherein the sa i _bloactive substance is a salt wth a free
base or aci Bydroxyngphyhgighachdcenitd cgaleomenanfg t he sustai ned-re- |ease

conposi tion accondgngat fetBHA 6#) pAOQYEing the (At ADFYH] ddile Preventing
or treating of prostatic cancer, prostatic_hypertrophy, endonetriosis,

h
hyst er omyon&OMREELSLPBr BRECTALRE 0BP otRTPubk? Yﬁb%n&%ﬁwn%r br east

cance(r]I , or ﬁhi&@ﬁbr?&%Qpﬁ%gﬁer§m§%nﬂ>g@a&ﬁﬁr§@tﬁéﬂﬁﬂmd lroacl gRsle conposi tion
according t term apove . a S tal ned-r ease caonposition
cont ai ni ng gﬁgrﬁ95r6§yﬁﬁpﬁfﬁﬁﬁf% %%fﬁg%Fo%%f?%%”%dﬁgﬁﬁﬂﬂgjﬁhd’a bi ode-

gr adabl e pobjodegoadablle phikyeef,or salf€ 2¥hexeatetdrall hyfdrgypragpdsihng.c

bi oactive s apce._.i QLs 4+t st 0, ' -rel nposi ti on
conpri s- inégaéi%g ﬁygé%Eykgéﬁ%ﬁ%lca%%i%péﬁééﬁééﬁgyn %ﬁ%ﬁ%ﬁaaéﬂ% (25) a
met hod of i e&gaadcngodmMentffici ency of bioac- tive substance inclusion in a

SUStaiHEd-r6|eaSQ199ﬁBOﬁEthBh08f ﬁp@@ﬁé§ﬁ@gﬁﬁ@igubﬂagyéaqggyggggn C acid or

a salt ther et osition aboaralng %t "EOR PR £ Fode Pl ase Bt de,
bicactive substance or salt thereof is in the form of an
agueous solution,

(20).5 production method according to term (17) above, .
wherein the salt of the biocactive substance is a salt with
a free base or acid, _

(21) a pharmaceutical containing the sustained-re-
iééée cdmpoéifion éécordihé-tb term Zl) abb?é.-" o

(22) an agent for preventing or treating of prostatic
cancer, prostatic hypertrophy, endometriosis, hysteromyoma,
metrofibroma, precocious puberty, dysmenorrhea, or breast
cancer, or a contraceptive, containing the sustained-
release composition according to term (3) above,

(23) a sustained-release composition containing the
hydroxynaphthoate of a bioactive substance and a biode-
gradable polymer or salt thereof,

(24) a method of suppressing bioactive substance ini-
tial burst from a sustained-release composition, compris-
ing using hydroxynaphthoic acid or a salt thereof,

(25) a method of increasing the efficiency of bioac-
tive substance inclusion in a sustained-release composi-
tion, comprising using hydroxynaphthoic acid or a salt
thereof,

(26) a hydroxynaphthoate of a bioactive peptide,



-5- (27) a hydroxynapht hoate of a bioactive peptide ac- cording
to term™ (26) above, which is soluble in water or very slightly soluble in

wat er, and ' (28) a sustained-rel edse conposition containing the
hydr oxynapht hoat e of a bi oactive peptide. The present invention
further provides: - (29) a sustained-rel ease conposition according to

term (28) above, wherein the content of the hydroxynaphthoic acid or salt
thereof is about 1 to about 7 nol, preferably about 1 to about 2 nol, per

nol of the bioacti ept | r eof . . .qduction
met hod for the sui?Z?ngdﬁ'g?g}égéa@g&n%%és%ei%fg aacbclc?raé:ltﬁ\lg%z 5’% erl%%(%&f) above,
conpri si ng peoddihggta YeOnehd i apowe t Iwhilclolis isodubdiet dinniwadgex bicoact i ve

subst ance orvg?gégigggggﬁegg%?€lénﬁ@gﬁgkngqqﬁgys phase and a sol ution

containing a ['ymerand hydroxynapht hoic acid or a salt
thereof as an oil (BRds@, suptatuedeepikensy sumasitdomeoidiaiaing the  (31)

a producti onhyR-BRYnbphthHELE USE 3k NSsd & BAS HATRRsI tion according to term
(17) above, conprising producing a WO enulsion wwth a solution containing

hydr oxynapht hoic acid or a salt thereof as an internal aqueous phase and a

sol ution containi Pgeapbes8st i ¥evenbEdn@er tHes Priovilasaof and a
bi odegr adabl e p0|i2§5 or saLt,tﬁgreo as an oil .phase, and subs%%uently
removing the sol vafit) @ SUStakeedreleast (GPPIHHER G NI

sust ai ned- r ekeame (28)pasove prwiaereinli tige taprtend (@8)thabove, conpri sing
T o0y o CEAEL KRB RRLERCALNE QERLILE Alortlld MSHER: 3000 supps

hydr oxynapht ereof’, an uently removi ng
sol vent, and7 mol, pzeferakelyraklit i brtarebdmit fomodus pPgmaglr ofeibe com

position accgidhRfi{@ BOYLPEE &F 4£T¢BHe3Wod hrough (32), wherein the
solvent renoval nethod i's water-in drying method. .

-(30) a production method for the sustained-release
composition according to term (17) above, comprising
producing a W/O emulsion with a solution containing a

- biocactive substance or salt thereof as an internal agqueous
phase and a solution containing a biodegradable polymer
and hydroxynaphthoic acid or a salt thereof as an oil
phase, and subsequently removing the solvent,

"~ (31) a production method for the sustained-release
composition according to term (17) above, comprising
producing a W/O emulsion with a solution containing
hydroxynaphthoic acid or a salt thereof as an internal
aqueous phase and a solution containing a bioactive
substance or salt thereof and a biodegradable polymer or
salt thereof as an oil phase, and subsequently removing
the solvent, '

{32) a production method for the sustained-release
composition according to term (28) above, comprising
mixing and dissolving a bioactive peptide or salt thereof
and hydroxynaphthoic acid or salt thereof, and
subsequently removing the solvent, and

(33) the production method for sustained-release com-
position according to any one of terms (30) through (32),
wherein the solvent removal method is water-in drying

method.



-6- o, Al though the biologically active substance used in the
presef® invention is not subject to limtation, as long as it is

phar macol ogi cal |y useful, and it may be & fon- peptide substance or a
pepti de substance. The non- peptide substance includes an agonist, an

ant agoni st, and a substance having an enzyne inhibitory activity. The
pepti de substance- i ncludes, for exanple, a biologically active peptides,
and particularly those having nol ecul ar wei ghts of about 300 to about

40, 000, preferably about 400 to about 30,000, and nore preferably about 500
to about 20,000 are preferred. Such biologically active peptides

i ncl ude, for exandlEhough cthe AIRLIBGAIAY. RELENSI SYPESARERCUSER RY)

insulin, sonph@sSphésdnt HOVEMLIHH NSt &'il%\ﬁ%l&th‘%”@ﬂﬁitéﬁh633| a8 hornone
(GH+RH), prolactin, erythropoietin, adrenocortlcotrogg hor none,
i

mel anocyt e- s%?%@l%ﬁlﬁb Hor QQﬂHQ%Q§l%§kH§ﬁéuﬂelé h§ WY nBficd t hyt oi d-

stinul ating ﬂ@mnpémld@tmwutzam hear ra)rp@ptfl@lel isebetafteuUirBei Agnhor mone,
vasopr essli n, cln cal ci tonl n astrin, gl’ etin ancr

Chol acyer oki RERCLER Fihefiide iach 2t Aderiste: sgonnERBRRRSEROPTBNi ¢
gonadoproplna subkepdate aeiprghienzyieotiahghinoryubtsinityhymeoi etin,
oSt 0 L WERRL AT LN S IWIHIE, 3Chienpblood bhumbg.Lactgr. tumr

necrosis fa colony-s§ |nula dcto i, daynor esin
neur ot ensi n, a@b%?@lE@ptliﬂsuhﬁudmpﬁrhyguhﬂrlwathpasebﬂglngnmbéasuhgrfactor,

nerve growﬁhwéfgﬁﬁg,ofegéo&MW§Md1€&ﬂaayh¢ Q%Ub@br0895§e296i9rabout 400
endot hel i n-ant a onlstlcégﬁgizgﬁkﬁlderlvatlves t hereof, fragments of these

pepti des, antP d&P9WatFY omea PReFeTably abgyy’ BPQI gi 8BPrY active
pepti de usedz@mameaﬁqsﬁﬁeﬁﬁ@ntlon may be as |s or may be a

phar racol oatCal e 3551 SPA Gl . S HERs B BRLHEE RO S

car boni c example, luteinizing hormone-releasing hormone (LH-RH),
insulin, somatostatin, growth hormones, growth hormone-
releasing hormone (GH-RH), prolactin, erythropoietin,
adrenocorticotropic hormone, melanocyte-stimulating
hormone, thyroid hormone-releasing hormone, thyroid-
stimulating hormone, luteinizing hormone, follicle-
stimulating hormone, vasopressin, oxytocin, calcitonin,
gastrin, secretin, pancreozymin, cholecystokinin,
angiotensin, human placental lactogen, human chorionic
gonadotropin, enkephalin, endorphin, kyotorphin, tuftsin,
thymopoietin, thymosin, thymostimulin, thymic humoral
factor, blood thymic factor, tumor necrosis factor,
colony-stimulating factor, motilin, daynorphin, bombesin,
neurotensin, caerulein, bradykinin, atrial natriuresis-
increasing factor, nerve growth factor, cell growth factor,
neurotrophic factor, endothelin-antagonistic peptides,
derivatives thereof, fragments of these peptides, and
derivatives of such fragments.

The biologically active peptide used in the present
invention may be as is, or may be a pharmacologically
acceptable salt.

Such salts include salts with inorganic acids (it may
also be called as inorganic free acids) (e.g., carbonic



-7- acid, bicarbonic acid, hydrochloric acid, sulfuric acid, nitric
aci d,>boric acid), organic aC|ds (it nay al so be caIIed as organic free
acids)(e.g., succinic acid, acetic acrd? propionic acid, trifluoroacetic
acid) etc. when said bioIogicaIIy active peptide has a basic group such as
an am no group. When said biologically active peptide has an acidic
group such as a carboxyl group, such salts include salts wth inorganic
bases (it may al so be called as inorganic free bases) (e.g., alkali netals

ey oy i BRI Wyl BrldSsBIRkRA RIS SyERantc rabeapT ord
(e.g., orgamitimig rmc‘s,umms: aleriidet, hpeganne, abadsc (it mayaglsis Beich as
argini ne) etg, a1 G D AR o Bl BRI O sUBY1hOE a1 AP Bhe AT X

conpound (e onpl ex ZI nc ref erred exanpl es
of the abovea@kﬁuxpnnnioquﬂagydcawmyfé@pr@eCpéppiéélébeeEF+F%WH%mivatives

or salts 1 800 £ g 1A 1§ TaRlilvee ng%aat hieX a"BRIRRCyHERENEEB as

di seases suc as prostatic cancer, tatic hypertrophy, endonetri osi s,
hyst er onyomean @@ i g puber ty and breast cancer, and effective for

contraception.  when @ﬁ@'ﬁ%l ildd1Ry deriivat p\éphare aakt ant aemﬂé
I ncl ude, for exanple, the peptides _described i

Anal ogs: Corﬂ?%%lérséi% AP PAAIETE GEQUP( Tﬁé‘cp‘PéﬁiﬁEnbﬂc;’dg?i §?|H1§ G oup
Ltd., publi sfeeh 19g anha:pm (Ra;t maty Exsoi bedcBubkicasi tnotganic

503165/ 1991, _Japane ent U Publi ti 101895/ 1991,
07334] 1005 iR JHHRR) 1 g ueh afls ggiiaerigéatives may be
LH—RHlagonkspmtagsin$J%&lkﬂﬁxnyamaswb.m@&@ﬂ@lSuHhRHSanaaganmsﬁsdinclude for
exanpl e, [ e e d ahg formul a

o G%ﬂ%@#y 8 _dg\f@doeo%tg deg ik g{@saag% pBY cHeneaakhs [1]:

X- D2Nal - Leu Pro D [ X represents
N( 4H2- f ur oyl 9xIgnist figee YRS d$emt-9 gryanic amlnes such as

triethylamine, basic amino acids such as arginine) etc.
The biologically active peptide may form a metal complex
.compound -(e.g., copper. complex, zinc complex).

Preferred examples of the above-described
biologically active peptide are LH-RH derivatives or salts
‘thereof that are effective against sex hormone-dépendent
diseases such as prostatic cancer, prostatic hypertrophy,
endometriosis, hysteromyoma, precocious puberty and breast
cancer, and effective for contraception.

Examples of LH-RH derivatives or salts thereof
include, for example, the peptides described in "Treatment
with GnRH Analogs: Controversies and Perspectives" (The
Parthenon Publishing Group Ltd., published 1996), Japanese
Patent Examined Publication No. 503165/1991, Japanese
Patent Unexamined Publication Nos. 101695/1991, 97334/1995
and 259460/1996, and elsewhere.

- LH-RH derivatives may be LH-RH agonists or LH-RH
antagonists; useful LH-RH antagonists include, for example,
biologically active peptides represented by general
formula {I]:
X-D2Nal-D4ClPhe-D3Pal-Ser-A-B-Leu-C-Pro-DAlaNH;

[X represents N(4H,-furoyl)Gly or NAc; A represents a



-8- .., residue selected from NMeTyr, Tyr, Aph(Atz) and NveAph(Atz); B
represents a residue selected fromDLys(Nic), DCt, DLys(Azagl yNi c),
DLys(Azagl yFur), DhArg(Et[err]), DAph('Ataz) and DhCI C represents

Lys(Ni sp), Arg or hArg(Et[err])] or .salts thereof. Useful LH RH
agoni sts include, for exanple, biologically active peptides represented by
general fornmula [I1]: 5-oxo-Pro-H s-Trp-Ser-Tyr-Y-Leu-Arg-Pro-Z [Y

represents a residue selected fromDLeu, DAla, DIrp, DSer(tBu), D2Nal and

DHi s( | mBzl Z I th f. Peptid
D1 o BB, 55 Ee e 8 e 3 PHEE T el L hereof - Pept des
fornul a: 5- uMeABhQAHz$¢TBprépreﬂgmtﬁlﬁur¢${ﬂm¢dﬂﬂkﬁﬁﬁﬁfﬂ?FFbrr]) in
partlCU|ar’8§&§é§E?2?{R6gt DLys?REé&i FQggced by the

nmet hods des above-nent i one ref er ences or B bl | cati ons,
or net hods Paded(Ebel ed?Aph(Atz) antk DiKHreR &Ieipé'ﬁ§eﬁ§§d N§ QFﬁ rePAg8f i ned

s, [olloue: or narg(BBf PUAANIARRreqe, NaH(err]-Turoydy -

N—tetrahydrofﬂ clne resid N-acetyl group
D2Nal sefud. LH-RHpREADEFHF aﬁ‘i‘ﬁ%u‘?%a% examp]&d Phe

D- 3- (4- chl oxghRldgArhah§"hBeive peptides represented by &mrirel D3Pal

. D 3-(3- pyrldyl al ani_ne residue NVeTyr . N-net hyl tyrosine
resi due Eﬂﬁbﬂti}ll' . N[5 -(3 -amino-1'"H1,2", 4" -

triazolyl) Isthﬂ-&IranHIie t[‘fpl—dae Tyr-Y Nvedpht gt Bxjo - 2

N- et hyl 3 DTG | azonI)
phenylalanl&g( epresents a residue selecteddfrom DLe%i_Dé&|cﬂ B,

D- (e- N- ni coDiSeay([tBuysi P@NpésaddeDHis (1mBzl): Z represents s Celit 4 i ne
residue Gly-NH;] or salts thereof. Peptides wherein Y is DLeu and

% is NH-C,Hs,(i.e., a peptide represented by the formula:
5-0x0-Pro-His-Trp-Ser-Tyr-DLeu-Arg-Pro-NH-C;Hs) in
particular, are preferred.

These peptides can be produced by the methods _
described in the above-mentioned references or patent
publications, or methods based thereon.

The abbreviations used herein are defined as follows:

Abbreviation Name
N(4H,-furoyl)}Gly : N-tetrahydrofuroylglycine residue

NAC : N-acetyl group

D2Nal : D-3-(2-naphthyl)alanine residue

D4C1lPhe : D-3-(4-chloro)phenylalanine
residue

D3Pal : D-3-(3-pyridyl)alanine residue

NMeTyr : N-methyltyrosine residue

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

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

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

Dcit : D-citrulline residue



-9- .. DLys( Azagl yNi c) D- (azagl ycyl ni coti noyl )| ysine

resi doe DLys( Azagl yFur) D (azagl ycyl furanyl )l ysi ne residue

DhAr g( Et 2) D-(N N - dlethyl)honoaﬁblnlne

resi due DAph( At z) DDN[5-(3 -amno-1'"H 1,62 ,4" -
triazol yl)] phenyl al ani ne resi due DhCi . D-honocitrulline
resi due Lys(Ni sp) (e-N-isopropyl)lysine residue

hAr g( Et 2) (N, N -di et hyl ) honpar gi ni ne resi due The

abbrevi ations for hdg;ake basge d by the

| UPAC- | UB Conmi ssi %?Sg%z%%gﬁ%n? cal ﬁg%% EQQ?EM{L uropé’é Pg%ﬁ%% of

Bi ochem stry, Vol. 138, pp. 9-37 ( 198} dge abbreviations in comon use in
rel evant fields. Wg%ma 99%‘19@' -'Sﬁﬂ?ﬁzﬁgiyegl?gféﬁﬁ)i%ﬁ%“Pe@fd&‘e it

is of the L-confi tion eSs ot
hydr oxynapht hoi c RBP&ofEitz) t he preseBt (NaléndieEhEbhBPBEAT SN ®apht hal ene
ring and 1 hydroxyl group and 1 carbgxylgaeoup, both groups binding to
different carbons of the ring. There are therefore a total of 14 jsoners
with the hydroxyl D3PB&AtEdcat ed at: dPrNeléne (Bospminpzl ith’ r%sp%ct to the
Cﬁrboxyl group | ocated ag poshtlﬁns lraﬁﬂoayqﬁ]bhenyaamahﬁhengegt@ge Agy z;
t hese i sonmers can used, and their ture rati os can be use

de- scri bed Iaterngﬁﬁ i's preferable PnhP é%ﬁgiﬁlﬂgsg%%?gT?on constant be
great, or pKa (pKays(Nikpgd[err]a, Ka{eeNrésepreput)tiysissocesidws constant)
be small. Prefere I$.al so given, tgyigo (YA i

soluble in mater.ﬂﬁ%gk%tzisoners tha aﬁen§%§t%ﬁ§§ é§%§§$%@§ e
et hanol, nethanol) are preferred. The term "soluble in al cohols,

herein, neans thainkhappebyRhtibisi BoR0imifSSadid are based on
abbreviations specified by the IUPAC-IUB Commission on

as used

Biochemical Nomenclature [European Journal of Biochemistry,
Vol. 138, pp. 9-37 (1984)] or abbreviations in common use
..in relevant fields. When an optical isomer may be present
in amino acid, it is of the L-configuration, unless
otherwise stated.

' The hydroxynaphthoic acid for the present invention
consists of a naphthalene ring and 1 hydroxyl group and 1
carboxyl group, both groups binding to different carbons
of the ring. There are therefore a total of 14 isomers
with the hydroxyl group located at different positions
with respect to the carboxyl group located at positions 1
and 2 of the naphthalene ring. Any of these isomers can be
used, and their mixtures in any ratios can be used. As de-
scribed later, it is preferable that the acid dissociation
constant be great, or pKa (pKa = - log;oKa, Ka represents
acid dissociation constant) be small. Preference is also
given to isomers that are very slightly soluble in water.

Isomers that are soluble in alcohols (e.g., ethanol,
methanol) are preferred. The term "soluble in alcohols,”
as used herein, means that the solubility is not less than

10 g/1 in methanol, for example.



10 g/1 in methanol, for exanple. - 10-
Regahd%ng t he pKa values of the above-descri bed hy- droxynaphthoic acid

i sonmers, the only known value is for 3-Mfdroxy-2-naphthoic acid (pKa
2.708, Kagaku Bi nran Ki sohen 11, Chem cal Society of Japan, published

Sept enber 25, 1969; however, useful information is obtained by com paring
the pKa val ues of three isoners of hydroxybenzoic acid. Specifically, the
pKa val ues of m hydroxybenzoic acid and p-hydroxybenzoic acid are not |ess
than 4, whereas the pKa val ue of o-hydroxybenzoic acid (salicylic acid) (=
2.754) is extrenely small. O the above-nentioned 14 isoners, those

consi sting of a rrgudddEingnehel pfaarvdlacsapiioxlie gbove-describydiriukyl group

3 hyar oxy- 2-rsptionigi, S8 sBhATE, Obuky Baky agim atue 15 for

2- hydr oxy- 1-Irdghiroxyhdi-napbitihodice achér épBre= p2e7@8reﬁagikmt$ﬁnrﬁnea 3- hy-
droxy- 2 naphifAahfer PO, Hlha308SbIbEyObeR s0aRR! NBLENECRE S titufody dr ox

group bound e car’bon at position rin 1 car group
bound to theTarlfHP ;athqweyies, omlszf@fl ﬂhéomﬁglonslﬁr@b%@¥%@d by dom- The

hydr oxynaphtdiai G faind 'Eiéé %me%abtf tﬁ%bslgameﬁls UZE, hf@FoRysemigic sal ts
wi th inorganic bases (e i nmetals such_as sodi um and potassi um

al kal i ne eard®i-%ret §P§°§§éﬁaééycap&?uﬂ$%n\fla% Y e 484Ses (e. g. ,
organi c am nRsid WHE 35 Hydrokypeaione, abadi aranhoe aessstisanhd as ar gi ni ne),

d | t th t t tals
22pp2?).s an Cogﬁsqﬁﬁi%ﬁéﬁﬁ%hﬁﬁdog?npP%Bﬁbgﬁaggﬁglﬁyé?%gyE%%%%%%|c aC|d
salt of the atnxm)ct(wéz SS9t disc exdiretedypsasdht iQF erhe tahmve -gnegihiomesie| ow.
(1) A hydratg Stho B1tod2iutiAl 8k BYnaBRONNERRPEAG 864l S

passed throug a mea
carboxyl group and a hydroxyl group, both bound to adjoin-

ing carbon atoms of the ring, i.e., 3-hydroxy-2-naphthoic
acid, l-hydroxy-2-naphthoic acid, and 2-hydroxy-l-naph-
-thoic acid are therefore preferred. Furthermore, 3-hy-
droxy:2-naphthoic acid, which consists of a naphthalene
ring and a hydroxyl group bound to the carbon at position
3 of the rlng and 1 carboxyl group bound to the carbon at
'p051tion 2 of the ring, is preferred. '

The hydroxynaphthoic acid may be a salt. Salts in-
clude, for example, salts with inorganic bases (e.g., al-
kali metals such as sodium and pbtassium, alkaline earth
metals such as calcium and magnesium), organic bases (e.g..
organic amines such as triethylamine, basic amino acids
such as arginine), and salts and complex salts with tran-
sition metals (e.g., zinc, iron, copper).

An example method of preparing the hydroxynaphthoic
acid salt of the bioactive substance of the present inven-
tion is given below.

(1) A hydrated organic solvent solution of hy-
droxynaphthoic acid is passed through a weakly basic ion
exchange column to adsorb the acid and saturate the column.
The excess portion of the hydroxynaphthoic acid is then



exchange columm to adsorb the acid and saturate the colum. The excess
porti®nh of the hydroxynaphthoic acid is then renmoved t hrough the
hydrat ed organi c sol vent, after which 33H&dTated organi ¢ sol vent solution
of the bioactive sub- stance or salt thereof is passed through the colum
to cause ion exchange; the solvent is renoved fromthe efflu- ent obtained.
Useful organic solvents in said hydrated or- ganic solvent include al cohols
(e.g., nethanol, ethanol), acetonitrile, tetrahydrofuran and

di met hyl f or nt,.re | r.s r ti l.eved
using a comr%%ﬂlg‘??dng%ﬁoﬁ@'ht & ?&d%r?'eteﬁ 817%3%%% gﬁ B@ gg%r%l@gmé such
met hods |nclamnydﬁﬁteﬁﬂdnghnmt\Hulﬂenwhsodukuentofstheapboaceuvemﬁuh t he
degree of vagiﬁﬂg rs LY. 4€ o] t (2)
Through a weakl'y %;gs#iéﬁ}n@x eﬁ%gelgcg%% ekd ‘E?g?ﬁgﬁoggﬁy&gh %d to ion
exchange t o ¢auFexiae dxsH¥nge; h;thedrS@tlefGn@r ganremguvedehromof @l%ﬁfb\ﬂ t he

bi oact ive sulpt o deal sbbeieOEahi1285EFentd SONEIY HErAAM G OUDS

to the hydroxide type. Hydroxynaphtholic acid in an anount not nore than the
nol ar equi va&HkC | SOTHRIEd include aflcohers (ecOver Bathanald ekbened) .

fol l owed by Wﬁﬁl@n,téﬁﬁr@@&fﬁ&%ﬁl pbhat @8mbshyasbedamt §8. WS- as
necessary, and dri ed. use the roxynapht hoic_acid salt of a

a
bi oacti ve sufRRGRENqw@Y, &ar sglqel&htplrfcé-BF'GB &oPn1fatehLeue e n3SYRI af so
dependi ng cwndﬁmnﬂmymxﬂowaamyﬂMﬁna@QeaumedhoaabdssalthéreoﬁelfExﬁmpﬂes

bi oacti ve p |de x aI us L ned:r el an_be
used for cgstsal}dnhegne eas cﬂepgrtt H‘egﬁ § ogﬁ etrégb%?g@%ng and can
al so be usecb\tdpqraﬁhﬁ;e vl Bu dtheei @edmeel e&sgacunposdnushed using a ro-

Bi odegr adabl&fplm&éﬁd ded the present invention

(2) Through a weakly basic ion exchange column, pre-
viously subjected to ion exchange to hydroxide ions, a hy-
~drated organic solvent solution of the bioactive substance
or salt thereof is passed, to convert the basic groups to
the hydroxide type. Hydroxynaphthoic acid in an amount not
more than the molar equivalent is added to the effluent
recovered, and dissolved, followed by concentration; the
salt precipitated is washed with water as necessary, and
dried.

Because the hydroxynaphthoic acid salt of a bioactive
substance is very slightly soluble in water, although also
depending on the biocactive substance used, said salt it-
self of a bioactive peptide, exhibiting potential for sus-
tained-release, can be used for a sustained-release
preparation of a bioactive substance, and can also be used
to produce a sustained-release composition.

Biodegradable polymers used in the present invention
include, for example, polymers and copolymers that have
been synthesized from one or more kinds selected from a-
hydroxymonocarboxylic acids (e.g., glycolic acid, lactic
acid), hydroxydicarboxylic acids (e.g., malic acid),



I ncl yde, for exanple, polyners and copol yners that have been synthesi zed
from dhe or nore kinds selected froma- hydroxynonocarboxylic acids (e.g.,
glycolic acid, lactic acid), hydroxydiéa}%oiylic acids (e.g., malic acid),
- 12 - hydroxytri carboxylic acids (e.g., citric acid) etc., and that
have a free carboxyl group, or m xtures thereof; poly-[err]-cyanoacrylic
acid esters; polyamno acids (e.g., poly-g-benzyl-L-glutamc acid); and
mal ei ¢ anhydri de copol yners (e.g , styrene mal ei ¢ aci d copolyners)

The mode of g?ﬁg%’ié‘gfﬁ Pe boxcfs“ b' Qﬁkt’rl%r %&% etdien,

above-nention r oxyno a- hy dro |carbdxy |c aci ds,
and a-hydrox?hﬂtcb@veb®xﬁt¢% Qﬁﬂhnxytngxqupmnnn(mmxnmaﬂsVéhe@npér in their

mo- | ecul ar g%uaféno{.@fylf@y%fg%é Dpolyarfindacifaniegyrati on.  Of

t hese, Iact| ycolilc aC| yImer s elna ter also reférred to as

pol y(| acti dePedy- @f%@zyhﬂ) gi\d%ﬂayﬂ{llcacﬂqlcﬂ)a0|adldc@ag]46y‘@olaP@Y§é‘P-§F or lactic

aci d-gl ycol i o361 ¢n&LPHOL ¢! éﬁ?ﬁﬁﬂéﬂﬂéﬂéﬂéﬂé%&dt%Jp%Q&h@rég'd glycolic
aci d honopol yners and copo yners unl ess ot herw se SpecCi f | actic acid

honopol ynmers are also re- ferred to as lactic acid polyner, polylactic
ac: ds, poly- | I actTﬂ@Sm@ﬁ@ %f aﬁwhc?ﬁeaeqiircdlg@ Gnd¥O N5 AlaidinS @faogkycah:ip acid
pol ynmers, po oly olides e re erence given
to pon([err?¥%€ q%l 8??)%8¥§1°&P aPeﬁY8¥8F¥W8ﬁ8 a?g°ﬁ¥£%ﬁ to

| actic acid- gbydmlla agﬂdopgﬁyuarboxymne pcefier abhg, ot lapdraxgiordeaptycol 1 ¢
acid poly- [ f AJIe1s . d:ar d,. . _

The bl odvar aaaRTSEpoT s Nl B Ahedl YR Te BIRRHL A FpbiTines

sal ts with i heeghar csbasekures g.they mayalte ot atlh§ @uthas oxoBLum and

pot assi um aé&ﬁ%iﬁﬁ&é%&éﬁ ”%kakﬁe§EChlﬁét§é|SbﬁﬁléﬂchB989§é£&7 organi c
bases (e.g., ani c am nes such as triethylam ne asi ¢ am no _acids such

as arglnlne)P°%. £5) ke Eﬁ&PQﬁﬁﬁﬁeﬁgﬁﬁﬂqﬁfgﬁqﬁ¢~FPaﬁs poly(lactide-co-
glycolide), poly(lactic acid-co-glycolic acid) or lactic

acid-glycolic acid copolymer:; generically refer to lactic
acid-glycolic acid homopolymers and copolymers, unless
otherwise specified; lactic acid homopolymers are also re-
ferred to as lactic acid polymer, polylactic acids, poly-
lactides etc., and glycolic acid homopolymers as glycolic
‘acid polymers, polyglycolic acids, polyglycolides etc.],
with preference given to poly(oa-cyanocacrylic esters) etc.
Greater preference is given to lactic acid-glycolic acid
polymers. More preferably, lactic acid-glycolic acid poly-
mers having a free carboxyl group at one end are used.

The biodegradable polymer may be a salt. Salts in-
clude, for example, salts with inorganic bases (e.g., al-
kali metals such as sodium and potassium, alkaline earth
metals such as calcium and magnesium), organic bases (e.g.,
organic amines such as triethylamine, basic amino acids
such as arginine), and salts and complex salts with tran-
sition metals (e.g., zinc, iron, copper).

When the biodegradable polymer used is a lactic acid-
glycolic acid polymer, the content ratio (mol%) is pref-
erably about 100/0 to about 40/60, more preferably about



sition netals (e.g., zinc, iron, copper). When t he bi odegradabl e

pol yiret used is a lactic acid- glycolic acid polyner, the content ratio
(mol % is pref- erably about 100/0 to-abd8ut 40/ 60, nore preferably about

- 13 - 100/ 0 to about 50/50. Lactic acid honopol yners having a content
ratio of 100/0 are al so preferably used. The optical isoner ratio of
| actic acid, one of the mninmumrepeat units for said lactic acid-glycolic
acid polymer is preferably between about 75/25 and about 25/75, as of the

D-configuration/L-configuration ratiq (mol/nol% . Lactic acid-glycolic acid
pol ymers havPA OatE>EBﬂgFgaéé-otiiﬁ%ﬁgébﬁV?gﬁkg%Pgﬁ LE\ ] ﬁgﬁgﬁnﬁ@b

bet ween abogbn€8h40rafdoaboul o8P 78rar £l SonpEuteratsied. used. The

wei ght - aver age nol ecul ar weight of said lactic acid-glycolic acid polyner

is normal |y about 3,000 to about 100,000, preferably about 3,000 to about
60, 000, nore prefraeabpyiehduls3mé&HOraviabofit1&dt DHRciahd ata |df rdree
preferably abaut 20,00 o] t , 000 < o hes ‘ |.S{er sion
(wei ght - aveF&Bémﬁlg)‘l ‘E%ng% lﬁ\ggg%t?ﬁg %‘rq a%/ae?%lgce anoede acfoeimlg gafcgtj)%ji S
normal |y abpoilye? ts pbefierabDy between edlzowth| 15 Afowmnd apaur 2575,
The free carhoxy! +gLOHD e Pl oS A, ¢ ' i ok 4! dnfo 198G spol yner
S preferabF% g%oﬁgézg Fgﬁg%ggtag,%%@iﬁ%ééf%%ﬁ%éﬁ%%%]%#eﬁgr%bj3nggﬁt 40 to
about 1, 000Lpetipnaridpalygaticnagsd (Rphypens havelnyp|q Raconfigura-
tion/L-configuration ratio (mol/mol%) between about 60/40

and about 30/70 are commonly used.

The weight-average molecular weight of said lactic
acid-glycolic acid polymer is normally about 3,000 to
about 100,000, preferably about 3,000 to about 60,000,
more preferably about 3,000 to about 50,000, and still
more preferably about 20,000 to about 50,000.

The degree of dispersion (weight-average molecular
weight/number-average molecular weight) is normally about
1.2 to about 4.0, more preferably about 1.5 to 3.5.

The free carboxyl group content of said lactic acid-
glycolic acid polymer is preferably about 20 to about
1,000 pmol, more preferably about 40 to about 1,000 pmol,
per unit mass (gram) of the polymer.

Weight-average molecular weight, number-average
molecular weight and degree of dispersion, as defined
herein, are polystyrene-based molecular weights and degree
of dispersion determined by gel permeation chromatography
(GPC) with 15 polystyrenes as reference substances with
weight-average molecular weights of 1,110,000, 707,000,
455,645, 354,000, 189,000, 156,055, 98,900, 66,437, 37,200,
17,100, 9,830, 5,870, 2,500, 1,303, and 504, respectively.
Measurements were taken using a high-speed GPC device
(produced by Toso, HLC-8120GPC, detection : Refractory



Wi ght - average nol ecul ar wei ght, nunber-average nol ecul ar wei ght and degree
of di*spersion, as defined herein, are polystyrene-based nol ecul ar wei ghts
and degree of dispersion deternined by gé perneation chromatography (GPC
with 15 polystyrenes as reference substances w th wei ght-average nol ecul ar
wei ghts of 1,110,000, 707,000, 455, 645, 354,000, 189, 000, 156, 055, 98, 900,
66, 437, 37,200, 17,100, 9,830, 5,870, 2,500, 1,303, and 504, respectively.
Measurenents were taken using a hi gh-speed GPC device (produced by Toso,
HLC- 8120GPC, _det ect |

| ndex) and ak )co?ﬁ’]rrf’: l{ﬁj—}gjozﬁ?étéﬁ{%?(ggaéé‘ﬁzb§p§ﬂgﬁﬁegeﬂxo?l,lo\’/’\natI%e%]ﬁﬁ-)Brlgf orm

as a nobil e whsechloroform s teemobiilee phaskoxyl group content, as used
herein, is defined to be obtained by the | abeling nmethod (hereinafter
referred to as "carboxyl group content as de- term ned by the | abeling

met hod"). Speci fiTherioeem uirese faarbdetydr ginoupg cohtentonaenused hepeinl actic

acid are de-; scy Fil,Sts t hepRk ¥hagbifogcid is dis-
solved in 2 ]r'T? %‘%‘P%g%&ﬁlﬁ\&ﬁ od%ﬁ%rgﬁe\é/a i'g}lgcet BE?HPI e %v?v = 4/ 96%
m xture; 2 nlhefein®f Hr Mefgnnad it cofso- FArbPKEBhERPHRYEPREERE as de-
hydrochlorid@efﬁlﬁéa By thdMdahingy e tdoladhaces padifid e idiftes for
1.02/35/15) an 2.n1‘o)?a.0.15 Msgu_tiono M eé
1- et hyl - 3- ( 3k SREHYING Holgr SRR adiBod POLFLAETAFAREERI BFPdde-
]gpyfl di ne/ etyaPdbed Mmﬂﬁy)hmﬁ%@,awdﬂg, ofoth@wdlgya@gi@mimm@tdw{ err]C
or 30 mnutes, after i.C e s ent is.renoved. After water,washing (4
ireey. |t he SeLTShet F HSH vod h iFomocBLoRag: aiey prEFoRhELLFeS "
nol /1 et hano{vtv sol4tdédn noifxtpters A wh lofdiaowi.0é Msseddedonf of| owedl-by a
reaction at ] : 582G b Myt N BviSodhiyted with a
1.5 N aqueouspéﬁ%h%ﬂrf%?%%ﬁ }#ﬁt?g{oi)@?&g%tg %ﬁ?ﬁ’; (absorgange a ?cn) at
544 nmis dereidd aratomi il le/pihagodgFedud2¢8PdiPdnasf dolBluffhy- Odtoxi de
as control. ypepsi @t £y ot 11 Yy 12BIqAU iTRItul1aRi abpbPbpyagt cersead- as _
reference, its free car boxg/l_dgr oupp cont ent %‘ rm&/l IS ggt ?rm ned QX gl kal i
titration. THR+%% hydrochloride (pyridine/ethanol = 4v/96v) were added,
-~ .----. .followed by a reaction at 40°C for 30 minutes, after which

the solvent is removed. After water washing (4 times), the

residue is dissolved in 2 ml of acetonitrile; 1 ml of a

0.5 mol/l ethanolic solution of potassium hydroxide is

added, followed by a reaction at 60°C for 30 minutes. The

reaction mixture is diluted With a 1.5 N aqueous solution

of sodium hydroxide to Y ml; absorbance a (/cm) at 544 nm

is determined, with a 1.5 N agqueous solution of sodium hy-

droxide as control. Separately, with an aqueous soclution

of DL-lactic acid as reference, its free carboxyl group

content C mol/l is determined by alkali titration. Taking

the absorbance at 544 nm of the DL-lactic acid hydrazide

prepared by the ONPH labeling method as B (/cm), the molar

content of the free carboxyl groups per unit mass (gram)

of the polymer can be calculated using the equation:,

" [COOH] (mol/g) = (AYC)/(WB)

Although said carboxyl group content can also be ob-
tained by dissolving the biodegradable polymer in a tolu-
ene-acetone-methanol mixed solvent, and titrating this
solution for carboxyl groups with an alcoholic solution of



t he absorbance at 544 nmof the DL-lactic acid hydrazi de prepared by the
CNPH“Fébellng nethod as B (/cn), the nolar content of the free carboxyl
groups per unit mass (granm) of the pol ynk? tan be cal cul ated using the
equation: [COCH (mol/g) = (AYC)/ (WB) Al t hough sai d carboxyl group
content can al so be ob- tained by dissolving the bi odegradable polyner in a
tol u- ene-acetone-nethanol m xed solvent, and titrating this solution for
carboxyl groups with an al coholic solution of

-15- po, \ Wi I ag.i r(value
obt ai ned by {)ﬁééé%ﬂ Igig%)glfdneaf t"‘;elrrhpgﬁ{L (r}lrog'gﬁ{ﬁaﬁwp gsbgga?%?%up cont ent
as det er m netivdjue hebtakedd hy thhd-s medhadketiesdipaficeri seflesredbte apat
quantitati on«be. @&%& Y ' descki he e ce it
i s possible tﬁat eft@o‘wl%&r}&eén p%én?ﬂal S maggdugg ggrg g%ﬁ§9¥egtﬂg
conpeti tion BioRHheeyeR 0] ytit Feadigabie thatpangesisatiannbenain dur| ng

titration. achievdd@edCaUPRHLIRNY ¢ldtHIRH2R 188 8bodebi 99rgE ¢8RI €
pol yner varies w dely dependlng on copol yner_ conposi tion, nol ecul ar wei ght

or free car bbXyPOSF cerleriihe Hovimadriondengpodntads mada: PBALeAR B8
extended by 4omeshng éhecdhpet cldc CﬁCH‘.dld QtiylonQﬁrthaCi‘éa&tﬁlgnt be tmRéecul ar

wei ght and |owering the free carbox Qntent because deconpo-
sition/eli mﬂ‘\gﬁ’%‘?‘l@‘?’é TRt ¢ ddi%‘d“g dl°§?col ic acid ratio decreases,
in the case of lactic acid- glycollc acid polyners Because the free

parboxyl group ¢ n&eégéé%%fkigkaef%ﬁiﬁgkfg O%%klvngHbBEQQESradabl

i ncorporation in the pre & above a grven Tevel .
For this rearohymex V@Ikﬂ%ﬁ%ﬂ@ﬂﬂﬁa dQPaﬂﬂmﬂgnpmgCapbﬂmmegradmpablélﬁblyner

for a SUSta'rﬂ@ﬂeé@i&@%@eﬂ&@%@tﬁ@é Yartddiy 1098 ot bBHtEMEe (n?ovgeve@ ont hs
or longer), that in the case of a lactic acid-glycolic acid

pol yl acti c a@Fed (eetpasp qurationGan q?l%%ﬁﬁqgeécpﬁ lEﬁeFéeglﬁhﬁcgay'

colic acid ratio or increasing the molecular weight and
lowering the free carboxyl group content, because decompo-

c—— -sition/elimination is usually delayed as the glycolic acid
ratio décreases, in the case of lactic acid-glycolic acid
polymers. Because the free carboxyl group content affects
the rate of bioactive substance incorporation in the

preparatlon however, it must be above a given level. For =77

this reason, it is preferable, in obtaining a biodegrad-
able polymer'for a sustained-release preparation of the
long acting type (e.g., 6 months or longer), that in the
case of a lactic acid-glycolic acid polymer, a polylactic
acid (e.g., D-lactic acid, L-lactic acid, DL-lactic acid,
preferably DL-lactic acid etc.) whose weight-average mo-
lecular weight and free carboxyl group content as deter-
mined as described above are about 20,000 to about 50,000
and about 30 to about 95 pmol/g, preferably about 40 to
about 95 pmol/g, more preferably about 50 to about 90
pmol/g., be used.

Said “lactic acid-glycolic acid polymer” can be pro-
duced by, for example, the catalyst-free dehydration po-
lymerization condensation method (Japanese Patent
Unexamined Publication No. 28521/1986) from a lactic acid



preferably DL-lactic acid etc.) whose wei ght-average no- |ecul ar weight and
free‘EﬁrboxyI group content as deter- mned as descri bed above are about

20, 000 to about 50,000 and about 30 to afout 95 pnol/g, preferably about 40
to about 95 [err]nol/g, nore preferably about 50 to about 90 pnol/g, be
used. Said "lactic acid-glycolic acid polyner"” can be pro- duced by,
for exanple, the catalyst-free dehydration po- |ynerization condensation
nmet hod (Japanese Pat ent Unexam ned Publication No. 28521/1986) from a

| actic acid . . . -_16_- .and. a colic
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pol ymer having a diven dnount ‘of ‘carbox unit nass,

subj ecti ng iabave-fen tiyades! fmiowry eg@shipdnofeséngbepen i ErpO IVIBBLEDS.
The above- desiyr Resbs' RAL i20vaGsdcBhYaohi & 2658 PRIYoxFE! gPARYH Net Sorfd €€
car boxyl group. at one end" can be pro- duced, with no problem by a
commonl y kndi metthG@N @1§°, PeatigPds pELPECPARAY dPRETEHEPOtY e rPY BTN
CﬁndenSﬁt :j ogxaﬁa@rag@%v:%&t %ﬂlbuumemmlcaeﬂpﬁyml g_ﬁaﬁpﬁnpéi@.uﬁﬂéaﬂé%w@ay or by
the netho escrihed bel ow. Lrst, ip. the_presence o
hydr oxynonoc® g 3 &Odéﬁer?P%B&{{g.lfj. ,ré?‘égf‘?’f)u?%c Sett eE,‘anenzyI
L-lac- tate)A-ig3®5s25 car boxyl group protected, or a hydroxydi- carboxylic
acid derivative (e.g., dibenzyl tartronate, di-
The above-described "lactic acid-glycolic acid poly-
mer having a free carboxyl group at one end” can be pro-
duced, with no problem, by a commonly known method (e.g.,
- catalyst-free. dehydration. polymerization condensation,
Japanese Patent Unexamined Publication No. 28521/1986), or

by the method described below.

(1) First, in the presence of a hydroxymonocarboxylic
acid derivative (e.g., tert-butyl D-lactate, benzyl L-lac-
tate) with its carboxyl group protected, or a hydroxydi-
carboxylic acid derivative (e.g., dibenzyl tartronate, di-
tert-butyl'Z—hydroxyethylmalonate) with its carboxyl group
protected, a cyclic ester compound is subjected to a po-
lymerization reaction using a polymerization catalyst.

The above-described “hydroxymonocarboxylic acid de-
rivative with its carboxyl group protected” or
"hydroxydicarboxylic acid derivative with its carboxyl
group protected” is exemplified by hydroxycarboxylic acid
derivatives with its carboxyl group (-COOH) amidated (-
CONH;) or esterified (-COOR), with preference given to hy-
droxycarboxylic acid derivatives with its carboxyl group
(-COOH) esterified (-COOR) etc.



tert-butyl 2-hydroxyethylmalonate) with its carboxyl group protected, a
cycli e est er conpound is subjected to a po- |lynerization reaction using a
pol ymeri zati on catal yst. The abovkEr descri bed " hydr oxynonocar boxyl i ¢
acid de- rivative with its carboxyl group protected"” or

"hydr oxydi carboxylic acid derivative with its carboxyl group protected is
exenplified by hydroxycarboxylic acid derivatives with its carboxyl group
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[err]-caprol actorﬁ,ﬁlc} erf % E5fed somerynd’| gpfprs to a cyclic com-
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monoester compounds (lactones) or cycllc diester compounds
(lactides).

Said “cyclic monoester compound” is. exemplified by 4-
membered ring lactones (f-propiolactone,f-butyrolactone,
f-isovalerolactone, fB-caprolactone, P-isocaprolactone, f-
methyl-f-valerolactone etc.), 5 membered ring lactones (y-

' butyrolactone, y-valerolactone etc.), 6-membered ring '
lactones (6-valerolactone etc.), 7-membered ring lactones
(e-caprolactone etc.), p-dioxanone, and 1,5-dioxepan-2-one.

Said “cyclic diester compound” is exemplified by the
compounds represented by the formula:

(0]
R 0—¢C R?
R2>< ><R‘
cC—O0

Wherein R' and Rz,,whether identical or not, represent
a hydrogen atom or a C,.¢ alkyl group such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, or tert-butyl), with prefer-
ence given to the lactides having a hydrogen atom for R}



([err] caprol actone etc. ), p- di oxanone, and 1, 5-di oxepan- 2-one. Sai d
cycﬁrt di ester conpound” is exenplified by the conpounds represented by

the fornul a: [err] - 18 WWerein Rerr] and Rerr],

whet her identical or not, represent a hydrogen atomor a (C[err] al kyl group
such as nethyl, ethyl, n-propyl, isopropyl, n-butyl, or tert-butyl), with
prefer- ence given to the lactides having a hydrogen atomfor R err]
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Rlerr] and R2,. etc. al | such cQ i nclude gl ycelides,
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nmet hyl -1, 4- dmﬂxaﬁe &t 8- di one (|nclud|ng optically active configurations).
Said "polynerization catalyst” is exenplified by or- ganic tin catal ysts
(e.g., tin octylate, di-n-butyltin di- laurylate, tetraphenyltin), alum num
catal ysts (e.g., Specdffighallyni sugh, campounds tmchhystglyeobidesl dihyl zinc).
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and zinc cafalysts are preferred
methyl-1,4-dioxane-2,5-dione (including optically active

configurations).

Said "polymerization catalyst” is exemplified by or-
ganic tin catalysts (e.g., tin octylate, di-n-butyltin di-
laurylate, tetraphenyltin), aluminum catalysts (e.qg.,
triethylaluminum), and zinc catalysts (e.g., diethylzinc).

From the viewpoint of ease of removal after reaction,
aluminum catalysts and zinc catalysts are preferred; from
- the viewpoint of safety in case of retention, zinc cata-
lysts are preferred.

Useful solvents for polymerlzatlon catalysts include
benzene, hexane, and toluene, with preference given to
hexane, toluene etc. '

Regarding “"method of polymerization,” the mass polym-
erization method, which is conducted with the reaction
product in a molten state, or the solution polymerization
method, which is conducted with the reaction product dis-
solved in an appropriate solvent (e.g., benzene, toluene,
xylene, decalin, dimethylformamide). Although polymeriza-
tion temperature is not limited, it is not lower than the
temperature at which the reaction product becomes molten
at reaction initiation, normally 100 to 300°C, for mass
polymerization, and is normally room temperature to 150°C
for solution polymerization; if the reaction temperature
exceeds the boiling point of the reaction solution, the
reaction is carried out under refluxiﬁg using a condenser
or in a pressure-resistant reactor. Determined as appro-
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h rrl]-end.
the [err]-e c(:jarboxyl group at the w-end.

The method of polymerization of the present applica-
tion employs hydroxycarboxylic acid derivatives (e.g.,
tert-butyl D-lactate, beﬁzyl L-lactate) with a protected
carboxyl group or hydroxydicarboxylic acid derivatives
(e.g., dibenzyl tartronate, di-tert-butylL-2-hydroxyethyl-
malonate) with a protected carboxyl, in place of conven-
tional protonic chain transferring agents such as methanol.

Using hydroxycarboxylic acid derivatives (e.g., tert-
[ butyl D-lactate, benzyl L-lactate) with a protected car-

boxyl group or hydroxydicarboxylic acid derivatives (e.g.,
dibenzyl tartronate, di-tert-butylL-Z—hydroxyethyima-
lonate) with a protected carboxyl, as protonic chain
transferring agents, it is possible to @ achieve molecular
weight control by the composition of the starting
materials, and to @ liberate the carboxyl group at the w-
end of the biodegradable polymer obtained, by a
deprotection reaction after polymerization.

(2) Second, by subjecting the polymer obtained by the
polymerization reaction described in paragraph (1) above,
which has a protected carboxyl group at the w-end, to a



The net hod of polymerization of the present applica- tion enploys

hydr o%ycar boxyl i ¢ aci d derivatives (e.g., tert-butyl Dlactate, benzyl
L-lactate) with a protected carboxyl gTdUb “or hydroxydi carboxylic acid
derivatives (e.g., dibenzyl tartronate, di-tert-butylL-2-hydroxyethyl-

mal onate) with a protected carboxyl, in place of conven- tional protonic
chain transferring agents such as nethanol. Usi ng hydr oxycar boxylic
acid derivatives (e.g., tert- butyl D lactate, benzyl L-lactate) with a

protected c boxyl. group or, .h dr di e.g.,
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t he pol ynerization reaction describ I'n paragraph (1) above, which has a
protected cathexyémeyalpiitthaoqatedqtisagd grogpawithout affecting the
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|P$Iude al | nmethods enabling the reanaI of the protecting group w thout
e g o O L S
reducti on inrYuﬂe,rédmctm@nqnsgngxnatalysts (e g , palladium carbon,
palladium black, platinum oxide), reduction using sodium
in liquid ammonium, and reduction with dithiothreitol.
When a polymer having a protected carboxyl group at the w-
end is subjected to catalytic reduction, for example, de-
protection can be achieved by adding palladium carbon to a
solution of the polymer in ethyl acetate, dichloromethane,
chloroform, or the like, and supplying hydrogen at room
temperature for about 20 mlnutes to about 4 hours with

vigorous shaklng.

Such methods of acid decomposition include, for exam-
ple, acid decomposition with inorganic acids (e.g., hydro-
gen fluoride, hydrogen bromide, hydrogen chloride),
organic acids (e.g., trifluoroacetic acid, methanesulfonic
acid, trifluoromethanesulfonic acid), or mixtures thereof.
Also, where necessary, a cation scavehger (e.g., anisole,
phenol, thioanisole) is added as appropriate. When a poly-
mer having a carboxyl group protected with a tert-butyl
group, at the w-end, is subjected to acid decomposition,
for example, deprotection can be achieved by adding an ap-
propriate amount of trifluoroacetic acid to a solution of
the polymer in dichloromethane, xylene, toluene, or the
like, or dissolving the polymer in trifluoroacetic acid,
and stirring at room temperature for about 1 hour.



lyti¢c reduction using catalysts (e.g., palladium carbon, palladium bl ack,
p|at\HUHIOXIde) reducti on using sodlun1|n | i qui d ammoni um and reduction
with dithiothreitol. Wen a pol ynmer haviAg~a protected carboxyl group at
the [err]- end is subjected to catal ytic reduction, for exanple, de-
protection can be achi eved by addi ng palladiun1carbon to a solution of the
polymer in ethyl acetate, dichloronethane, chloroform or the |like, and
suppl yi ng hydrogen at roomtenperature for about 20 m nutes to about 4

hours with vigorqus shaking. _., . Su nethod [,0N
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[err]-end, is subjected to ac np05| i on, exanpl e, ,%grotectlon
can be achlé@@da@@V@ddﬁﬁgrahedpdepr@b@?h%@naﬁ@@#ﬁlQﬁ 9 30 AFIERdStT ¢ aci d

to a soluti %oquttl%er@%m%h h@ Hb@@&@é?ﬁﬁtbﬁéewei%%eﬁé&élaﬁtﬂecﬁf— t he
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Preferably, caaivdxgai @z@@@oeaasehtoafl sacangoymelr j e 1w tmsguteeted
pol ymeri zation reacti

t |
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nunber - aver age nol ecul ar ght "or térm nal carboxyl group content of said
pol ymer can be regul at ed accordlng to the purpose. Specifically, this can,
for ex- A biodegradable polymer obtained as described above

can be used as a base for producing a sustained-release
- preparation.

In addition, a polymer having a given free carboxyl
group at one end can be produced by known productlon meth-
ods (e g . 'see Patent Publication for W094/15587).

Also, a lactic acid-glycolic acid polymer with one
end rendered a free carboxyl group by a chemical treatment
after ring-opening polymerization may be a commercial
product of Boehringer Ingelheim KG, for example.

The biodegradéble polymer may be a salt (salts of
biodegradable polymers include, for example, the salts
mentioned above). Useful methods of their production in-
clude, for example, {(a) the method in which a solution of
the above-described biodegradable polymer having a car-
boxyl group in an organic solvent, and an aqueous solution
containing the ions of inorganic bases (e.g., alkali met-
als such as sodium and potassium, alkaline earth metals
such as calcium and magnesium) or organic bases (e.g., or-
ganic amines such as triethylamine, basic amino acids such



anpl e, 'be achi eved by the nethod described in EP-A-0839525 or a nethod
based*fhereon A bi odegr adabl e pol yner obtai ned as descri bed above
can be used as a base for producing a su32at ned-rel ease preparation
In addition, a polyner having a given free carboxyl group at one end can be
produced by known production neth- ods (e.g., see Patent Publication for
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after which [ﬁ% r{ € 1fw 141 Che 1€8Pm GPPPer) is mixed in a solu-

tion of the above-described biodegradable polymer having a
carboxyl group in an organic solvent, after which the
polymer, now in the form of a salt, is isolated.

As a biodegradable polymer for a sustained-release
Ep— preparation of the long acting type (e.g., 6 months or
longer), the "“lactic acid-glycolic acid polymer having a
free carboxyl group at one end” produced by the method de-
scribed above is preferred.
The ratio by weight of the bioactive substance in the
composition of the present invention varies depending on
kind of bioactive substance, desired pharmacological ef-
fect, duration of effect, and other factors. In the case
of a sustained-release composition contéining three compo-
nents (bioactive substance or salt thereof, hydroxynaph-
thoic acid or salt thereof, and biodegradable polymer or
salt thereof), the ratio by weight of bioactive peptide or
salt thereof, for example, is about 0.001 to about 50% by
weight, preferably about 0.02 to about 40% by weight, more
preferably about 0.1 to 30% by weight, and most preferably
about 14 to 24% by weight, relative to the sum of the
three components. In the case of a non-peptide bioactive
substance or salt thereof, the ratio is about 0.01 to 80%
by weight, preferably about 0.1 to 50% by weight. When the
hydroxynaphthoic acid salt of a biocactive substance is



a salt, is isolated, and (c) the nmethod in which a weak acid salt (e.g.
acetahé glycol ate) or oxide of a transi- tion netal (e.g., zinc, iron,
copper) is mxed in a solu- tion of the23bove-described blodegradable
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non- pept|deeE?@&EtP@@u§u§§t§ﬂcéb9Fts%9% Prevebdht ¢ e kadtive it dBvut 0.01 to

80% by wei gtum prefraeabhytabaytwdrd (@) 50% by wei ght. Wen the
hydr oxynapht hoi c acid salt of a bioactive substance is

- 23 - contained, simlar ratios by weight are applicable. In the case
of a sustai ned-r @neate caspoefthogusbaiﬂ@dnr@uéénesnﬂmpaﬁltndn(nnn4ve

peph e oSy gagael SRt hc DY StV IR Gupld gyt 0 0 o
wei ght, prefteziglof . abadroxmnaphbh@u@ ngébgrvﬁ#%ﬁuthQﬁﬁQf¢N¢ﬁ¢ﬁh%0de~
' gradable polymer or salt thereof), the amount of hy-
droxynaphthoic acid or salt thereof formulated is
- preferably about 1/2 to about 2 mol, more preferably about
3/4 to about 4/3 mol, and still more preferably about 4/5
to about 6/5 mol, per mol of bioactive substance or salt
thereof.

Designing the composition of the present invenpion is
hereinafter described for a sustained-release composition
containing three components: basic biloactive substance,
hydroxynaphthoic acid, and biodegradable polymer. In this
case, the bioactive substance, as a base, and hydroxynaph-
thoic acid, as an acid, are concurrently present in the
composition; whether they are formulated in the composi-
tion in the form of free configurations or salts, a disso-
ciation equilibrium for each component is present, in a
hydrated state, or in the presence of a trace amount of
water, at a point during production of the composition.
Because the salt formed by any hydroxynaphthoic acid,
which is very slightly soluble in water, with a bioactive
substance is assumed to be very slightly soluble in water,
although the solubility also depends on the characteris-
tics of said bioactive substance, its dissociation equi-



bly about 15 to about 80% by weight, and still nore pref- erably about 30
to abwut 80% by weight, relative to the sumof the salt (A) with (B).

In the case of a sustained-rel ease conpodttion con- taining three
conponents (bioactive substance or salt thereof, hydroxynaphthoic acid or
salt thereof, and bi ode- gradable polyner or salt thereof), the anount of
hy- droxynaphthoic acid or salt thereof fornmulated is preferably about 1/2
to about 2 nol, nore preferably about 3/4 to about 4/3 nol, and still nore
preferably about; ¢ S A Uyl T oG cTBh B B 35T yecpubst ance or
salt thereof. gni ng e conpositron o he present invention is
her ei naf t er SEkEhtRSdlIble Sistwitiead- r el ease conposi t | on containing three
conponents: basic bloactlve subst ance, hydroxynapht hoi c acid, and

bi odegr adabl e pol In this case, the bioactive substance, as a base,
and hydr oxynaph- { cﬁ?PQHQ%PGEE;qgﬁnﬂﬁhiloar@aﬁéﬁ§ubﬂéhtP9nb¢@§%n©f|ﬁ t he
conposi ti on; b ke o ddBiv AR HahdAl 4 113 1RE1¢ABRASkhati MPst ot he form

of free conflguratlons or salts, a di'sso- ciation equilibriumfor each
conponent i stIif REIACTIYE SUBRRANCE] bet Rrotopated tRerBReCENEE B9 @ trace

?hrmunt | ?f f wad €1 b\ﬁér}a slﬁLgnthgursd]%:tbrlreOdthvbgaroast Beseonpesi bove, Because

e sa or e r oxyna ci S very s
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- 24 - r|un1s s Yowar very slightly
sol ubl e i n weast nearly aqniyiadéndi g &hesnpdstheohinacthye hsghsbameent s of

a or salt thereof.

Next, the mechanism of release of a bioactive sub-
stance included in a composition is described below. In
.the above-described formula composition, the biocactive
substance is mostly protonated and present with a counter
ion. The counter ion is mainly hydroxynaphthoic acid
(preferably hydroxynaphth01c acid). After the comp051tlon
is admlnlstered to the 11v1ng body, its ollgomers ‘and
monomers begin to be produced over time due to decomposi-
tion of the biodegradable polymer. When said polymer is a
lactic acid-glycolic acid polymer, the resulting oligomer
(lactic acid-glycolic acid oligomer) and monomer (lactic
acid or glycolic acid) always has one carboxyl group,
which can also serve as a counter ion for the bioactive
substance. The bioactive substance is released without
charge transfer, or in the form of a salt with a counter
ion: transferable counter ions include hydroxynaphthoic
acids, lactic acid-glycolic acid oligomers (of such mo-
lecular weights that transfer is possible), and monomers
(lactic acid or glycolic acid), as described above.

When a plurality of acids are concurrently present,
salts of stronger acids are usually preferentially pro-
duced, although the outcome also depends on their content



basi ¢_bi oactive substance, it is desirable that nost of the bioactive
subst®hce be protonated to render it to_a salt very slightly soluble in
wat er as descri bed above, judging fr om ¢Re”above- descri bed di ssoci ati on
equilibrium For this purpose, it is desirable that the hydroxynaph- thoic
acid or salt thereof be fornulated in an anmount at |east nearly equival ent
to that of the bioactive substance or salt thereof. . Next, the
mechani sm of rel ease of a bioactive sub- stance included in a conposition

i s describe OW. Ve S r b hOR, akk
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body, its o oners and nononers begin to be produced over time due to
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transfer, he for t count er S f bIe counter
i ons i ncl udg Hﬁaﬁbﬁyﬁﬁb g g@l%mﬁ é;acﬂ Iécq0§0di£aéiq% (?V%“%éll i goners
(of such nnthbetylahawePghESfréatemeﬁmﬁfhsveb qosgeh|dig tnuﬁuhatmhyrs
(lactic aci r [ {ﬁg& Whep a plurality
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content constants have already been dei?érmlned arf@ideh lﬁﬁgﬁdéh ¥t he pKa
val ues of h{drox ynapht hoi ¢ acid

s roxy - napht hoi ¢ ac f.or exanpl e,
i s known tothaSePHTBRECyATARLGT4 2175% (BERy &P é%%ﬂ?lééﬁﬂéﬁgqq € Cheni cal

Acid and Bases,” D.D. Perrin, B. Dempsey, and E.P. Ser—
jeant, 1981). Because the following data are applicable
for the hydroxyl group and ester linkage:

ApKa (OH) = -0.90

ApKa (ester linkage) = -1.7

the pKa value of the carboxyl group of lactic acid-

" glycolic acid oligomers can be determined, in considera-’
tion of the contribution of the ester linkage closest to
the dissociation group, as follows:

pKa = pKa (lactic acid or glycolic acid) - ApKa (OH)
+ ApKa (ester linkage) = 3.06 or 3.03

Because hydroxynaphthoic acids are therefore stronger
acids than lactic acid (pKa = 3.86), glycolic acid (pKa =
3.83), and lactic acid-glycolic acid oligomers, it is as-
sumed that the hydroxynaphthoic acid salt of the bioactive
substance is preferentially produced in the above-de-
scribed composition, the characteristics of the salt being
assumed to predominantly determine the nature of sus-
tained-release of the bioactive substance from the compo-
sition.' Said biocactive substance is exemplified by the

biocactive substances described above.

Here, the fact that the salt formed by the hy-



SOC|ety of Japan, published Septenber 25, 1969). On the other hand, the pKa
val ue¥ of the carboxyl groups of lac- tic acid-glycolic acid oligomers are
unknown but can be cal cul ated on the basit of the pKa value of lactic acid
or glycolic acid (= 3.86 or 3.83), in accordance with the theory that "the
free energy | evel change due to substitu- ent introduction can be

approxi mated by the addition rule.” The contributions of substituents to

di ssoci ati on constants have already been determ ned and can be used for
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aC|d) 'h§¥§$ﬁis é%%g¥2¥nﬁln ége%he 8588 L% é&gﬁgﬁygaﬁﬁé%gﬁge
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It is.as- sumed at the hydroxy E%Pht oic acid of the bioactive
subst ance i slfbrfé?eerléﬁ’ttilélli ftﬁ‘rg(ﬁj Felgagke §BSVEDHEla§CF?%%@S%oﬂ%%S| tion,
the charact efd:si ics te tditag Jdn R &@g&i&tﬂgﬁdbilotﬁéed@ﬁté\ﬂﬂti:a/t:d@t@fm ne
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subst ances desssudatiidimibation profHéeepftMHefaalttberveheasadetérmned by
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i nsol ubl e i nthgatayigomers and monomers 1ncrease due to reduction in
the hydroxynaphthoic acid and hydrolysis of the biodegrad-
able polymer, the biocactive substance release mechanism

- involving oligomers and monomers as counter ions becomes

predominant gradually; even if the hydroxynaphthoic acid
disappears substantially from said "composition,” stable
biocactive substance release is achleved The 1ncreased
efflclency of bioactive substance 1ncorporatlon for
production of a sustained-release composition, and the
possibility of suppression of initial burst after admini-
stration of the bioactive substance incorporated, can also

be explained.

The role of the hydroxynaphthoic acid in the sus-
tained-release composition containing the hydroxynaphthoic
acid salt of a bioactive peptide can also be explained by
the above-described mechanism.

”

The term "insoluble in water,” as used herein, means
that when said substance is stirred in distilled water for
4 hours at temperatures of not higher than 40°C, the mass
of the substance that dissolves in 1 1 of the solution is

not more than 25 mg.



serves in favor of the sustained-rel ease nechanism |In other words, as
denorstrated in the above discussion of acid dissociation constant, the
salt of hydroxynaphthoic acid, a stronge?7a6id t han t he above-descri bed

| acti ¢ acid-glycolic acid oligoners and nononers, is predom nant in the
initial stage of release; the initial release pat- tern of the drug can be
regul ated by the content ratio of hydroxynaphthoic acid, because the
solubility and body tissue distribution profile of the salt serves as

determ - nants of e . hinact ] e . The the

ol i goners and nnngkgrggkﬁcrgggg,ggggﬁﬁgyr%%ﬁéﬁﬁgﬁjg%ﬁﬁﬁgnhy f%géﬁgghthoic
acid and hydh@F?éh; sPanhetbhabdtlye agbowdt e por it maswe is gadt ilesssubst ance
rel ease mech@Rbamybnyg! KhA0n8t | AOPET EndlCs PNORRES 33160UNLEEahaBS;BegOMeS
predom nant gradual | y;” even It the hydroxynaphthoi c acid di sappears
substanti al | paftoRfsai Biveehpvei subatanee abthe Anue idaf inidsiioands B@-ease
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for production_of a sustained-rel ease conposition, and the possibility of
suppressi on §PLVAAt 18| thar abowgrdeseribed -oR¥Ai®Bh of the bioactive
subst ance incorporated, can al so be expl ai ned. The role of the

hydr oxynapht hoi ¢ idin the sus- tained-rel ease conposition caontaining the
hzdroxznaghthoic g@FgOngth? %9%&?%&&5%&P$ﬁﬁﬁ%<ﬁ?W§B%%£%ﬂ?tﬁ? &S ai ned by

t he above- depresbatl imebatism is not sdbredEerty "linsidatilon ias wat éori,as

used herein, e I t ance. i.s irred i i.stilled water
for 4 hours & ?Qﬁgé?§§ﬁ§§395$aﬁéﬁfﬁgﬁﬁég {%éﬁ1 %ﬁﬁiiéfg?%ﬁfﬁﬁﬁé of the
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means that the above-descri mass i s not |less
. blodegradable polymers). The term "microsphere,

"

as used
herein, is defined as an injectable sphere that can be
dispersed in solutions. Its shape can be confirmed by, for
. example, scanning microscopy.

[Modes of embodiment of the invention]
Production methods for sustained-release compositions
" of the present invention, which contain a biodlogically
active substance or a salt thereof, a hydroxynaphthoic
acid or a salt thereof, and a biodegradable polymer or a
salt thereof, microspheres, are exemplified below.

(I) Water-in drying method
(i) O/W method

In this method, an organic solvent solution of the
hydroxynaphthoic acid or a salt thereof and biodegradable
‘polymer or a salt thereof is prepared.

Said organic solvent is exemplified by halogenated
hydrocarbons (e.g., dichloromethane, chloroform,
dichloroethane, trichloroethane, carbon tetrachloride),
ethers (e.g., ethyl ether, isopropyl ether), fatty acid
esters (e.g., ethyl acetate, butyl acetate), aromatic
hydrocarbons (e.g., benzene, toluene, Xylene), alcohols
(e.g., ethanol, methanol), and acetonitrile. Among these,



than.25 mg and not nore than 5 g. Wen said substance is a salt of a

bi oacti ve substance, the above definit|8 Is ap- plied for the nass of the
bi oacti ve substance that dis- solved In Ehe above-described operation.

Al t hough the sustai ned-rel ease conposition of the present invention is not
subject to limtation as to form mcroparticles are preferred, with
greater preference given to mcrospheres (also referred to as m crocapsul es
in the case of sustained-rel ease conpositions containing biodegradable

pol ynmers) . I@ﬁlb%ﬁg"tmaﬁ@&@hﬁf@fer@@wsie&r het &iryaric deflivesd aF an

I nj ectabl e sghere that can be dispersed in solutions. Its shape can be

confirmed byhef biodganphablecRARYRYT PErdsTILY . thel[q\‘kfdeéud’ro%o@irﬁent of

the inventi gakferan1Br Q@ECBhoargsﬁbédesoi@én@Ltsﬁ aie dry el 3aaRpEANRAY t i ons
of the preseéent invention, which contain-a blolqglcall active substance or

a salt ther 863 8ThdFatinkBRTAST ¢ TRe%E oFOLVERTT NHerorisethd™
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an

bel ow. . (1) Water- W et hod t hi hod,

organic sol Wéﬁﬂtu§8FLBFoh}/’b)f’gfzﬂﬁ%ﬁggli’éé%%%ﬁ?ﬁ? Car}& adlcqh"g sef:rfe {nﬁter gof and

bi odegr adablpgefferysar, aith gabhtéhepreferanqe epiverd.to mixtSeieds @igani c

solvent is %éggﬁkgggggﬁaxehgbagg 5§glhydrocarbons (e.g., dichloronethane,
T

chl orof orm ane rlc oroethane car bon tetrachlorlde) et hers
(e.g., ethyl eth®heni sber opyanecheo}vemhtwe@cm advistuge of | et hyl

acetate, bulg hﬁ%%%ﬁ%%}xan@rﬁ %Ehgﬂgiocﬁlﬁé’of‘ét£&c9£ gnzene, tol uene,
xyl ene), al coho ano met hanol ), and acetonitrile. Among these,
- 28 - concentratlons is normally chosén over the range from

about 0.01 to about 50% (v/v), preferably from about 0.05
to about 40% (v/v), and more preferably from about 0.1 to
about 30% (v/v).

The biodegradable polymer concentration in the

organic solvent solution varies depending on the molecular
weight of biodegradable polymer and the kind of organic
solvent. For example, when the organic solvent used is
dichloromethane, the biodegradable polymer concentration
is normally chosen over the range from about 0.5 to about’
70% by weight, preferably from about 1 to about 60% by
weight, and more preferably from about 2 to about 50% by
weight.

The hydroxynaphthoic acid or a salt thereof
concentration in the organic solvent solution is normally
chosen, for example, over the range from about 0.01 to
about 10% by weight, preferably from about 0.1 to about 5%
by weight, and more preferably from about 0.5 to about 3%
by weight.

The biologically active substance or salt thereof is
added to thus-obtained organic solvent solution containing
a hydroxynaphthoic acid or salt thereof, and a
biodegradable polymer, and dissolved or dispersed.

The thus-obtained organic solvent solution containing
a biologically active substance or salt thereof, a
hydroxynaphthoic acid or salt thereof, and a biodegradable



di chi.oronet hane is preferable for an organic solvent of the bi odegradable
pol yrfe¥ or a salt thereof. Alcohols are Ereferable for an organi c sol vent
of the hydroxynaphthoic acid or a salt th&reof. These solvents may be used
in mxtures at appropriate ratios. O these solvents, mxtures of

hal ogenat ed hydrocarbons and al cohols are preferred, with greater
preference given to m xtures of dichloronethane and et hanol . When t he
organi ¢ solvent used is a mxture of dichloronethane and ethanol, the ratio

of their co e} Y. cho a 0.01
to about 509 §g§ﬁ?£ p?%f%ﬁé é&%%nﬁ%i&nj gﬁﬁo abou?g§8wa?npv?8ggnd nor e
preferably fpb@sabﬁwt(ﬁaﬂﬁicphﬁﬂnm eﬂﬁ%QAHHQ after whhiehbitbdegradablte

pol ymer concegt \. 0 hgan ndi ng on
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sol vent. ForFexahple, opgreatidie diyarmatesoinhase yodymesigi 8RrBASAFt hane, the

bi odegr adabl gnpeby B £ OREE M Arfd Frdrs AR X 16ROSEN2B¥EE 4BE0HBNGE from
about 0.5 to about 70% by wei ght, preferably fromabout 1 to about 60% by

wei ght ; and F%W%SprEﬁ%ﬁ%ﬁﬂgﬂyrﬁﬁﬁ%ﬂﬁhﬂuﬁzﬁ(¥¥m§§uFOSGQPB§ wei-r§RO. times, The
hydr oxynapht &@d cm@&€é dp@éf@r@&w £rhaf %ﬁo@&@&hﬁ@sl @8 hBolike 2900ani C

sol vent solutjon is nongﬂlg chose for exanple, over the range from about
0.01 to about®%s biP%e? ﬁﬁeefvé? & from about 0.1 to about 5% by
wei ght'; and nore preferably fromabout 0.5 to about 3% by wei ght. The

bi ol ogi cal 'y act IX‘F % e éf\ﬁ: orﬁa)ig)eta E}t]&hge{&(;g{?néc%t %ggget ae%t&%ibgﬁt ai ned

organi ¢ sol vent n con ai ni sal t
t her eof , andextérmalegraikh|phass ynSaidapgudsifbeyenayrbeli aperorel, as The

thUS'Obtai”eﬂoﬁ§9@@'£t5£§\6%5aﬁ%é f(¥bfayﬂb?bnb%&b@ebb9hoghﬁ§5&$naCt'Ve
subst ance or t thereof, a hydroxynaphthoic acid or salt thereof, and a
blodegradabl%uCh emulsifiers include, for examplgg anlonlcp§py§§ptap§sthen

added to a weé &f. phec@idm Jdean 3di@inl stearate, sodium lauryl
sulfate), nonionic surfactants [e.g., polyoxyethylene

..sorbitan fatty acid esters (Tween 80, Tween 60, Atlas
Powder Company), polyoxyethylene castor oil derivatives
(e.g., HCO-60, HCO-50, Nikko Chemicals)],
polyvinylpyrrolidone, polyvinyl alcohol, carboxymethyl

cellulose, lecithin, gelatin and hyaluronic acid.” These =~~~
emulsifiers may be used singly or in combination.
Regarding the concentration, it is preferable that they be
used over the range from about 0.01% to 10% by weight,
preferably from about 0.05% to about 5% by weight.

An osmotic pressure regulator may be added to the
above-described external water phase. Said osmotic
pressure regulator may be any one, as long as it shows an
osmotic pressure when prepared as an aqueous solution.

Said osmotic pressure regulator is exemplified by
polyhydric alcohols, monohydric alcohols, monosaccharides,
disaccharides, oligosaccharides, amino acids, and
derivatives thereof. _

Useful polyhydric alcohols include, for example,
dihydric alcohols such as glycerol, pentahydric alcohols
such as arabitol, xylitol and adonitol, and hexahydric
alcohols such as mannitol, sorbitol and dulcitol. Of these



phase) /W (wat er phase) enul sion, after which the solvent is evaporated from
the o1 phase to yield mcrospheres. For this operation, the water phase
volume is normal ly chosen over the rangé% rom about 1 tine to about 10, 000
times, preferably fromabout 5 tinmes to about 50,000 tinmes, and nore
preferably fromabout 10 tines to about 2,000 tinmes, the oil phase vol une.
An emul sifier may be added to the above-descri bed external water phase.

Said ermul sifier nmay be any one, as long as it is capable of formng a

stable O Wenulsion. Such enulsifijers jnclude, for exanple, aniaonic

sur fact ant s SEEORO TR, REGRYBREAF e - Sop 1 AR BER T REr O o BB REH f at o)
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aqueous sol gbirBBse, rhamibfe 0SHB fEcEEES Sk th IBHEid{cd Fiteemd fied by
pol yhydric al cohols, nonohydric al cohols, nonosaccharides, disaccharides,
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to trisaccharides.

Useful derivatives of monosaccharides, disaccharides
and oligosaccharides include, for example, glucosamine,
galactosamine, glucuronic acid and galacturonic acid.

Useful amino acids include, for example, glycine,
leucine and arginine, with preference given to L-arginine.

These osmotic pressure regulators may be used singly,
or in combination.

These osmotic pressure regulators are normally used
at such concentrations that the external water phase
osmotic pressure is about 1/50 to about 5 times,
preferably about 1/25 to about 3 times, the physiological
saline osmotic pressure.

Organic solvent removal can be achieved by commonly
known methods or methods based thereon. Such methods
include, for example, the method in which the organic
solvent is evaporated under normal or gradually reduced
pressure during stirring using a propeller stirrer,
magnetic stirrer or the like, and the method in which the
organic solvent is evaporated while the degree of vacuum
is adjusted using a rotary evaporator or the like.

The thus-obtained microspheres are centrifuged or



preference given to mannitol. Usef ul nonohydric al cohols include, for
exanp¥e, net hanol, ethanol and isopropyl alcohol, with preference given to
et hanol . Useful monosacchari des incPhde, for exanple, pentoses such as
ar abi nose, xylose, ribose and 2-deoxyri bose, and hexoses such as gl ucose,
fructose, gal actose, mannose, sorbose, rhamose and fucose, wth preference
gi ven to pentoses. Useful oligosaccharides include, for exanple,
trisaccharides such as nmaltotriose and raffinose, and tetrasacchari des such
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substances, mannitol is preferred.

Where necessary, freeze-drying may be followed by

. «.-. -.. heating under reduced pressure without causing mutual
adhesion of microspheres, to remove the water and organic
solvent from the microspheres. It is preferable that the
microspheres be heated at a temperature slightly higher
‘than the intermediate glass transition point of the =
biodegradable polymer, as determined using a differential
scanning calorimeter when the temperature is increased at
a rate of 10 to 20°C per minute. More preferably, the
microspheres are heated within the temperature range from
the intermediate glass transition point of the
biodegradable polymer to a temperature higher by about 30°C
than the glass transition temperature. When a lactic acid-
glycolic acid polymer is used as the biodegradable polymer,
in particular, it is preferable that the microspheres be
heated within the temperature range from the intermediate
glass transition point to a temperature higher by 10°C than
the glass transition temperature, more preferably within
the temperature range from the intermediate glass
transition point to a temperature higher by 5°C than the
glass transition temperature.

Although it varies depending on the amount of



with.distilled water several tinmes to renove the free biologically active
subs¥&nce, hydr oxynapht hoi ¢ acid, drug support, enulsifier etc. adhering to
the mcrosphere surface, then again dirsgérsed in distilled water etc. and
freeze-dried. To prevent nutual aggregation of particles during the
production process, an anticoagul ant nmay be added. Said anticoagulant is
exenplified by water-sol ubl e pol ysaccharides such as mannitol, |actose,

gl ucose and starches (e.g., corn starch), am no acids such as glycine, and
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chamber is preferred.

- (ii) W/0/W method (1)

First, an organic solvent solution containing a
biodegradable polymer or salt thereof is prepared.

The concentration of the organic solvent and the
biodegradable polymer or salt thereof are the same as
those described in paragraph (I) (i) above.

When more than two kinds of solvents are used, the
ratios of these solvents are the same as those described
in paragraph (I) (i) above. The biologically active
substance or salt thereof is added to thus-obtained
organic solvent solution containing the biodegradable
polymer, then dissolved and dispersed.

Next, to the organic solvent solution (oil phase) of
the biologically active substance and biodegradable
polymer, a solution of a h&droxynaphthoic acid or salt
thereof [this solvent exemplified by water, alcohols (e.g.,
methanol, ethanol), pyridine solution, dimethylacetamide
solution etc.] is added. This mixture is emulsified by a
known method such as homogenization or sonication to form
a W/O emulsion.

The thus-obtained W/0O emulsion containing a



about, 12 hours to about 168 hours, preferably about 24 hours to about 120
hour s and nore preferably about 48 hours to about 96 hours, after the

m crospheres reach a given tenperature. 33 - Any heating nethod can be
used, -as long as mcrosphere aggregates are uniformy heated. Usef ul
thermal drying nethods include, for exanple, the nmethod in which thermnal
drying is conducted in a constant-tenperature chanber, fluidized bed

chanber, nobile chanber or kiln, and the nethod using m crowaves for

t her mal dryi . .had t hod i ich thermal drying is
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regulator that may be added to the external water phase,
and the subsequent procedures are the same as those

described in paragraph (I) (i) above.

(ii) W/O/W method (2)
First, an organic solvent solution containing a
hydroxynaphthoic acid and a biodegradable polymer is
prepared. Thus-obtained organic solvent solution is c¢alled
as an oil phase. The preparation method is the same as
those described in paragraph (I) (i) above.
Althernatively, an organic solvent solution
containing a hydroxynaphthoic acid and an organic solvent
solution containing a biodegradable polymer may be
prepared separately, and mixed together to prepare the oil
phase.

The biodegradable polymer concentration in the
organic solvent solution varies depending on the molecular
weight of biodegradable polymer and the kind of organic
solvent. For example, when the organic solvent used is
dichloromethane, the biodegradable polymer concentration
is normally chosen over the range from about 0.5 to about
70% by weight, preferably from about 1 to about 60% by
weight, and more preferably from about 2 to about 50% by
weight.



hydroxynaphth0|c acid or salt thereof, and a bi odegradabl e pol yner or salt
thereof, is then added to a water phase to forma W(internal water
phase)/ O (oil phase)/ W (external water™ phhse) emul sion, after which the
solvent is evaporated fromthe oil phase to yield nicrospheres. For this
operation, the external water phase volume is normally chosen over the
range fromabout 1 tine to about 10,000 tines, preferably fromabout 5
times to about 50,000 tinmes, and nore preferably fromabout 10 tines to

about 2, 000 timesy Pe Lido ﬂﬂaf% vl Lé”%lo%org&tcgﬁeiy %§¥§H§ gﬁpgggﬁceext er nal

enul sifier and osnD pressure regulator
wat er.:-phase, Oarﬁﬁlhetmnmlﬁ]delﬁlqors@dgmmrteaxawlmﬁeegaw wstehose described
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paragraph (1) (i) above. hernati ve an organi ¢ solvent sol ution

cont ai ni ng dlwm%sayrpamﬁm/@la&% 199d ™dn @F@éﬁrébémvemimgw&tren
cont ai ni ng as@/r@plegﬁ@ee\tﬁ@mlm 'I@)rhgbﬁllpﬂ:%p@é?ﬂl$e@ﬁéabﬁh)’phagé m xed

together to p, 0|I e bio rad

concentrat i o%“?n&%e“& e\?erwla§§l o ™Y Fggé’egebgng % ¥R the

mol ecul ar memeﬁnodﬁs&nhxkgyhnmdgemumwtimaroandohheakmud 0b doganacwgol vent .
For exanpl e, i dde organi ¢ sol vent used is dichloronethane, the
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times, preferably from about 2 times to about 100 times,
and more preferably from about 3 times to about 10 times,
the internal water phase volume.

The viscosity of the w/o emulsion is normally chosen
over the range from about 10 to about 1,0000 cp,
preferably from about 100 to about 5,000 cp, more
preferably from about 500 to about 2,000 cp.

‘Thus-obtained w/O/ ‘emulsion contalnlng a blologlcally
active substance or salt thereof, hydroxynaphthoic acid or
salt thereof, and a biodegradable polymer, is then added
to a water phase to form a w(internal water phase)/o(oil
phase) /w(external water phase) emulsion, after which the
solvent is evaporated from the oil phase to yeild
microspheres. For this operation, the external water phase
volume is normally chosen over the range from about 1 time
to about 10,000 times, preferably from about 2 times to
about 100 times, and more preferably from about 3 times to
about 10 times, the internal water phase volume.

The above-described emulsifier and osmotic pressure
regulator that may be added to the external water phase,
and the subsequent procedures are the same as those

described in paragraph {(I) (i) above.

(II) Phase separation method



or salt thereof [this solvent exenplified by water, alcohols (e.g.,
nethéﬁbl ethanol )] is prepared. Thus- qgbtained solutlon Is called as

i nternal water phase. The concentrati dn 33f ~t he bi ol ogically active
substance is nornmally 0.001ng/m to 10g/m, preferably, 0.1ng/nl to 5g/m,
nore preferably, 10my/nl to 3g/m. The oil phase and the internal water
phase are emul sified by a known method such as honpgeni zati on or sonication
to forma WO enul sion. For this operation, the oil phase volune is

normally chosen ger othauLangentO0LARONLS Thli F: § aliond 1, 000 ti res,

preferably from abou tme and nore preferably from
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hydr oxynapht hoi ¢ _aci salt thereof bi ode rada Ie po yner is then
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and the subgﬁgggnvopﬁﬂgedures are the sane as those described in paragraph
(1) (i) above. Phase separation net hod
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is a polymer mineral oil or vegetable o0il compound that
is miscible in the organic solvent, and that does not
Coa dissolve the salt complex of the biologically active
substance with the hydroxynaphthoic acid and biocompatible
polymer. Specifically, useful coacervating agents include,
for example, silicon oil, sesame o0il, soybean oil, corn
"~ 0il, cotton seed oil, coconut o0il, linseed 6il. mineral
0il, n-hexane and n-heptane. These may be used in
combination.

The microspheres thus obtained are collected, after
which they are repeatedly washed with heptane etc. to
remove the coacervating agent etc. other than the
composition of the biologically active substance,
hydroxynaphthoic acid and biodegradable polymer, followed
by drying under reduced pressure. Alternatively, the
microspheres are washed in the same manner as in aqueous
drying method paragraph (I) (i) above, then freeze-dried
and thermally dried.

(III) Spray drying method

For producing microspheres by this method, the
organic solvent solution described in aqueous drying
method paragraph (I) above, which contains a composition



coacervatlng agent is added little by little to the organic sol vent

sol utfon described in aqueous drying method paragraph (1) above, which
contains a conposition consisting of a bﬁ%loglcally active substance or
salt thereof, hydroxynaphthoic acid or salt thereof and bi odegradabl e

pol ymer or salt thereof, during stirring, to precipitate and solidify the
m crospheres. Said coacervating agent is added in an anount by vol ume of
about 0.01 to 1,000 times, preferably about 0.05 to 500 tines, and nore

preferably abogiO¢ind O%eOQ ﬁidﬁ%lctarﬁ.lyo'actﬁ%sguﬁgltﬁ%e OFef sa§@' d
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dried. (I11) Spray drying net UC|ng mCroO eres by this
met hod, the QF%&RH(W%ﬂHQRﬂﬂﬁﬁﬁﬂnmPPoﬁIdeébPV@ed i n aqueous drylng met hod
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ic solvent solution described in
aqueous drying method paragraph (I) above, which contains
a composition consisting of a biologically active
-. . substance or salt thereof, hydroxynaphthoic acid or salt
thereof and biodegradable polymer or salt thereof, may be
dried by evaporating the organic solvent and water, while
the degree of vacuum is adjusted using a rotary evaporator
or the like, followed by milling with a jet mill or the
like, to yield microparticles.
The milled microparticles may be then freeze-dried
and thermally dried after being washed in the same manner
i as that described in aqueous drying method paragraph (I)
for microsphere production.
The microspheres or microparticles thus obtained
enable drug release corresponding to the rate of
decomposition of the biodegradable polymer or lactic acid-

glycolic acid polymer used.

(IV) Two-step method

A biologically active substance or salt thereof is
added to a solution of a hydroxynaphthoio acid or salt
thereof in an organic solvent to a weight ratio falling
within the above-described content range for biologically
active substances, to yield an organic solvent solution of



t hepeof , hydroxynaphthoic acid or salt therof and biodegradabl e polymer or
sal t=t hereof, is sprayed via a nozzle into the drying chanber of a spray
drier to volatilize the organic solvent 3/n-the fine droplets in a very
short tine, to yield mcrospheres. Said nozzle is exenplified by the
double-fluid nozzle, pressure nozzle and rotary disc nozzle. The

m crospheres may be then freeze-dried and thermally dried as necessary
after being washed in the same manner as that described in aqueous drying

nmet hed par aqt ap ) _abov . For a_dpsage, form other than the
aboveidescr%b@d%¥§5%§¥ﬁﬁgﬁgg?l?h@cbégaﬁi h%%?%&%ﬂg%ﬁﬁ Y] bc&'éf"f"cribed in
agueous dryisupsnaniced paragraph (1) above, which contains a conposition
consi-sting of a hi_Ql.ogicall ive, substance or salt thereof. .
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after beingwashedykn the same manner as that described in aqueous drying

met hod paragraph (1) for mcrosphere production. The m crospheres or
mcroparticles t RFFaBBCasRAUCBRaBFBOURLGIPEI REREIR I EPofi ®y to the rate
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an organi ¢ solvent sol'utio _ ] - 37 -
t he hydr oxyRsapprraitedawhdlef thaecdegneegparaguiktisy@djusted using a

rotary evaporator or the like.
The thus-obtained composition of a hydroxynaphthoic
“L_. . acid of the biologically active substance can be again
dissolved in an organic solvent to yield a sustained-
release composition {microspheres or microparticles).

'Said organic solvent is exemplified by halogenated
hydrocarbons (e.g., dichloromethane, chloroform,
dichloroethane, trichloroethane, carbon tetrachloride),
ethers (e.g., ethyl ether, isopropyl ether), fatty acid
\ esters (e.g., ethyl acetate, butyl acetate), and aromatic
hydrocarbons (e.g., benzene, toluene, xylene). These
solvents may be used in mixtures at appropriate ratios. Of
these solvents, halogenated hydrocarbons are preferred,
with greater preference given to dichloromethane.
The organic solvent solution containing the

- hydroxynaphthoic acid of the biologically active substance
is then added to a water phase to form an O (o0oil phase) /W
{(water phase) emulsion, after which the solvent is
evaporated from the oil phase to yield microspheres. For
this operation, the water phase volume is normally chosen
over the range from about 1 time to about 10,000 times,
preferably from about 5 times to about 5,000 times, and



subst.ance. Said organic solvent is the sane as those described in
paregfFaph (1) (i) above. Wien nore than two kinds of organic solvents are
used as a mixed solvent, the ratio of mifBure is the sane as those
described in paragraph (1) (i) above. Organi ¢ sol vent renoval for
precipitation of a conposition of a hydroxynaphthoic acid of the

bi ol ogically active substance can be achi eved by commonly known net hods or
nmet hods based thereon. Such nmethods include, for exanple, the nethod in
whi ch t he orﬂggéc at.e il e the degree_of vacuumis
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The thus-obtained microspheres are centrifuged or
filtered to separate them, after which they are washed
with distilled water several times to remove the free
biologically active substance, hydroxynaphthoic acid,
emulsifier etc. adhering to the microsphere surface, then
again dispersed in distilled water etc. and freeze-dried.

- To prevent mutual aggregation of particles during the
production process, an anticoagulant may be added. Said
anticoagulant is exemplified by water-soluble
polysaccharides such as mannitol, lactose, glucose and
starches (e.g., corn starch), amino acids such as glycine,
and proteins such as fibrin and collagen. Of these
substances, mannitol is preferred.

Where'necessary, freeze-drying may be followed by
heating under reduced pressure without causing mutual
adhesion of microspheres, to further remove the water énd
organic solvent from the microspheres.

Although it varies depending on the amount of
microspheres and other factors, heating time is normally
about 12 hours to about 168 hours, preferably about 24
hours to about 120 hours, and more preferably about 48
hours to about 96 hours, after the microspheres reach a
given temperature.



the oi | phase vol une. An enul sifier, an osnmotic pressure regulator,

and t¥e followng step is the sane as those descri bed in paragraph (1) (i).
Organi-c sol vent renoval can be achi eved 5% tomonly known net hods or

met hods based thereon. Such nethods include, for exanple, the nethod in

whi ch the organic solvent is evaporated under normal or gradually reduced
pressure during stirring using a propeller stirrer, nmagnetic stirrer or the
| i ke, and the nmethod in which the organic solvent is evaporated while the
degree of vacuum ted usin a rotary evaporator or. the |ike.

The thus-obtainedAﬂ¥a€%§€ hay d8e Eﬁ 5P0F$fHPP§r€§ to separate

them " after mhbrhspheyeaaggwmgﬂmnt\mndtuhxﬁnﬁMquhmameﬁ several tinmes to
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aggregates are uniformy heated.

(V) One-step method

A biologically active substance or salt thereof is
added to a solution of a hydroxynaphthoic acid or salt
thereof in an organic solvent to a weight ratio falling
within the above-described content range for biologically

the hydroxynaphthoic acid of the biologically active
substance, after which a sustained-release preparation
(microspheres or microparticles) is prepared.

Said organic solvent is the same as those described
in (I) (i). When more than two organic solvents are used
as mixed solvents, the ratio of mixture is as same as
those described in (I) (4i). ’

The organic solvent solution containing the
hydroxynaphthoic acid of the biologically active substance
is then added to a water phase to form an O (o0oil phase) /W
(water phase) emulsion, after which the solvent is
evaporated from the oil phase to yield microspheres. For
this operation, the water phase volume is normally chosen
over the range from about 1 time to about 10,000 times,
preferably from about 5 times to about 5,000 times, and
more preferably from about 10 times to about 2,000 times,

active substances, to yield an organic solvent solution of ~~ =~ T



Usef @l s;thermal drying nethods include, for exanple, the nmethod in which
therm& drying is conducted in a constant-tenperature chamber, fl uidized
bed chanber, nobile chanber or kiln, and*@he nethod using mcrowaves for

t her mal drying. O these net hods, the method in which thermal drying is
conducted in a constant-tenperature chanber is preferred. The m crospheres
obtained are relatively uniformy spherical and undergo little resistance
during administration by injection so that needle clogging is unlikely.

Al so, ~'possi |n |n ectlon needl es mtigates patient pain at
injection.l¥§§$gﬁh§h“{ A biologically active substance or
salt thereof is eﬂhﬁuhuqvatdﬁﬂqnmhmd @huashfdemxpndpbsmotmcaprdssnrsalt

t hereof in Y o] LRg
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phase voIum@reparathﬁévaﬁﬁﬁé-@€§§FFB§§°E§U[§r9rersghﬁddBﬁ%m¢Eat#Q%%ure
such as capsules (e.g., hard capsules, soft capsules),

to yield

granules and powders; liquids such as syrups, emulsions
-.and suspensions] etc.

For example, the sustained—release composition of the
present invention can be prepared as injectable
preparatlons by suspendlng in water with a dlsper31ng

- agent (e.g, surfactants such as Tween 80 and HCO- 60,
polysaccharides such as sodium hyaluronate, carboxymethyl
cellulose and sodium alginate), a preservative (e.g.,

methyl paraben, propyl paraben), an isotonizing agent

(e.g., sodium chloride, mannitol, sorbitol, glucose,
proline) etc. to yield an aqueous suspension, or by
dispersing in a vegetable oil such as sesame 0il or corn

0il to yield an oily suspension, whereby a practically
useful sustained-release injectable preparation is

obtained. _

When the sustained-release composition of the present
invention is used in the form of an injectable suspension,
its particle diameter is chosen over such a range that the
requirements concerning the degree of dispersion and
needle passage are met. For example, the mean particle
diameter normally ranges from about 0.1 to 3004m,
preferably from about 0.5 to 1504m, and more preferably



reguhgﬁor that may be added to the external water phase, and the
subseguent procedures are the sane as thqse described in paragraph (1V)
above. The sust ai ned-rel ease 6b§§o§ition of the present invention
can be adm nistered as such or in the formof various dosage forns
prepared using it as a starting material, specifically as intranuscul ar,
subcut aneous, visceral and other injectable preparations or inplant
preparations, nasal, rectal, uterine and other transdernmal preparations,

oral prepargignsddd1 t30hiod preparations such as capsules (e.g., hard
capsules, soft capsules), granules and powders; |iquids such as syrups,
emul sions and su Susiiglinedc release pempegihpre, Of hENG (RFQFeRE- r el ease
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e.g.% ne aben, propyl paraben), an isotonizing agen e.g.
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aqueous SuspRItSit bedlcdns trdiedpassingitataveeget abl e oil such as sesane oil
or corn oil to yield an oily suspension, whereby a practically useful

sustaihed-release i njectabl e preparation is obtained. When t he
sust ak ned-r el easBesmaymesiafi diewottokieipyesthe suavehnednré¢leased in the form
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t he present and dosage form of the active ingredient biologically

active substance, and duration of release of the

biologically active substance, target disease, subject

animal species and other factors, the dose of the
sustained-release composition may be set at any level, as

long as the biologically active substance is effective.

The dose of the active ingredient biologically active’
substance per administration can be preferably chosen as
appropriate over the range from about 0.01 mg to 10 mg/kg

body weight, more preferably from about 0.05 mg to 5 mg/kg
body weight, per adult in the case of a l1-month release
preparation.

The dose of the sustained-release composition per
administration can be preferably chosen as appropriate
over the range from about 0.05 mg to 50 mg/kg body weight,
more preferably from about 0.1 mg to 30 mg/kg body weight
per adult.

The frequency of administration can be chosen as
appropriate, depending on kind, content and dosage form of
the active ingredient biologically active substance,
duration of release of the biologically active substance,
target disease, subject animal species and other factors,
e.g., once every several weeks, one every month or once



i nvent,ion can be prepared as a sterile preparation by such met hods in
mh|ChEthe entire production process is aseptic, the nmethod usi ng gamma rays

for sterilization, and the met hod 42n-whi ch a preservative is added,
whi ch. net hods are not to be construed as limtative. Because of | ow
toxi city, the sustained-rel ease conposition of the present invention
can be used as a safe phar maceutical etc. in manmals (e.g., humans,
bovi nes, SW nes, dogs cats, mce, rats, rabbits).

Althgugh va Wi eI ndi ng _on k nd conten d do form of
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content andhdam@ge -flependent cancéhe(acyl verosyaeit esdndsm/| ogi cal |y active

substance. pysterliabiaing! pelegsecgloLhe Bologieall y arslye substance,

target disea eci és and’ e.g., once
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The sustalned rel ease conposition of the present

syndrome, multilocular-ovary syndrome. The sustained-
release composition of the present invention is also
useful for an anticonceptice agent. When the re-bound
effect of after medication is used, the sustained-release
composition of the present invention is useful as an agent
for treatlng or preventlng of 1nfrcund1ty Further the '
sustained-release composition of the present invention is
useful as an agent for treating or preventing of sex
hormone-nondependent, but LH-RH sensitive benign or

cacoethic neoplasm.

[Examples]

The present invention is hereinafter described in
more detail by means of the following examples, which are
not to be construed as limitative. '

Example 1

3,429.6 mg of the acetate (produced by TAP) of N-(S)-
tetrahydrofur-2-oyl-Gly-D2Nal-D4ClPhe-D3Pal-Ser-NMeTyr-
DLys(Nic)-Leu-Lys(Nisp)-Pro-DAlaNH, (hereinafter referred
to as peptide 2)
(Chemical Formula of peptide A)



inventhbon is useful, depending on the biologically active substance which
is contained in the sustained-rel ease conposition, as an agent for treating
or preventing various kinds of diseases. ££%En the biologically active
substance is LH RH derivatives, the sustained-rel ease conposition of the
present invention is useful as an agent for treating or preventing of

hor none- dependent di seases, especially sex hornone-dependent di seases, such
as sex hornone-dependent cancer (e.g. prostatic cancer, hysterocarcinons,
breast. cancer, hypophysona, etc.), prostatic hypertroph N.endonetri osi s,
hyst eromyoma, precoci ous puberty, dysmenorrhea, amenorr eaL g;gnenstrual
syndrone, nultilocul ar-ovary syndrone. The sustai ned seC ition
of the present invgntion is algQ useful for an anticongeptice aggnt. \Wen
the ré-bound effeci\et after qa;;catlon i s used, the{ﬁustained- el ease

conp05|t|on of the pfiesent in ion is ﬂaeful as an_agent for treating or

preventing of inf®dumdity. $urther, t@e sust n re\ease &om
: : | : . H :
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linitative. Exanmple 1 ‘

N-(S)- tetrahydrofur-2- d y- D2NaM=D4C Phe- D3Pal - Ser - NMeTyr -

DLys(Ni c) - Leu- Lys(Ni sp) O- DAl aNH err] (herdbnafter referred to as peptide
A) (Chem cal Formul a of —p€ptide A - 43 -

[err] .

and 685.2 mg of 3-hydroxy-2-naphthoic acid were
dissolved in 15 ml of ethanol. This solution was gradually
distilled by means of a rotary evaporator to evaporate the
organic solvent. This residue was again dissolved in 5.5
ml of dichloromethane and poured in 400 ml of a 0.1% (w/w)
aqueous solution of polyvinyl alcohol (EG-40, produced by
The Nippon Synthetic Chemical Industry), previously
_adjusted to 18°C: the solution was stirred at 8,000 rpm,
using a turbine type homomixer, io-yield an.O/W.émﬁlsioﬁ.
This O/W emulsion was stirred at room temperature for 3
hours to volatilize the dichloromethane and solidify the
oil phase, followed by microsphere collection at 2,000 rpm
using a centrifuge (05PR-22, Hitachi, Ltd.). The
microspheres were again dispersed in distilled water,
after which centrifugation was conducted, and the free
drug etc. washed down. The microspheres collected were
again dispersed in a small amount of distilled water, then
freeze-dried, to yield a powder. The recovery rate was 65%,
and the peptide A content and 3-hydroxy-2-naphthoic
acid/peptide A molar ratio in the microspheres were 75.4%
and 1.94, respectively.

Example 2
1,785.1 mg of the acetate of peptide A and 1,370.4 mg



and 68%.2 ng of 3-hydroxy-2-naphthoic acid were dissolved in 15 nml of

et hanol . ThIS solution was gradually distilled by neans of a rotary
evaporator to evaporate the organic s6l Vet~ This residue was again

di ssolved in 5.5 m of dichloronmethane and poured in 400 m of a 0.1% (ww)
aqueous sol ution of polyvinyl alcohol (EG 40, produced by The N ppon
Synthetic Chem cal Industry), previously adjusted to 18[err]C; the solution
was stirred at 8,000 rpm using a turbine type honom xer, to yield an QW
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1, 47135_.-.-_1 My frddeRiuvaest alse thbskephi €RafpaBdl lwdr. flolowed to yield

microspheres. The recovery rate was 58%, the peptide A
content and 3-hydroxy-2-naphthoic acid/peptide A molar
ratio in the microspheres were 54.3% and 6.15,
respectively.

Example 3
1,800 mg of the acetate of peptide A, 173 mg of 3-
hydroxy-2-naphthoic acid, and 2 g of a lactic acid-
glycolic acid copolymer (lactic acid/glycolic acid = 50/50
(mol%), weight-average molecular weight 10,100, number-
average molecular weight 5,670, number-average molecular
weight 3,720, as determined by terminal group quantitation,
 produced by Wako Pure Chemical Industries) were dissolved
in a mixture of 6 ml of dichloromethane and 0.2 ml of
ethanol. This solution was poured into 900 ml of a 0.1%
(w/w) aqueous solution of polyvinyl alcohol containing 5%
, mannitol, previously adjusted to 18°C, and stirred at 7,000
rpm using a turbine type homomixer to yield an O/W
emulsion. This O/W emulsion was stirred at room
temperature for 3 hours to volatilize the dichloromethane
and ethanol and solidify the o0il phase, followed by
microsphere collection at 2,000 rpm using a centrifuge.
The microspheres were again dispersed in distilled water,
after which centrifugation was conducted, and the free
drug etc. washed down. The microspheres collected were
again dispersed in 250 mg of mannitol and a small amount
of distilled water, then freeze-dried, to yield a powder.
The recovery rate was 76%, the rate of péptide A inclusion
in the microspheres was 84.6%, and the peptide A content



of 3+hydroxy-2-naphthoic acid were dissolved in 15 m of ethanol. This

sol ut®n was gradual ly distilled by neans_of a rotary evaporator to
evaporate the organic solvent. This re3ifide"was again dissolved in 10 nl of
di chl'oronet hane and poured in 1,000 M of a 0.1% (ww) aqueous sol ution of
pol yvi nyl al cohol, previously adj usted to 18C, the sane procedures as those
in Exanple 1 were followed to yield m crospheres. The recovery rate was
58% t.he peptide A content and 3-hydroxy-2- naphthoic acid/peptide A nol ar

ratio-in thesgic i setlv . Exanpl e 3
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aci d/ glycolic aci.d 50/50 (mol %9, weight-average nol ecul ar wei ght 10, 100,
nunber.- aver age nol ecul ar wei ght 5,670, nunber-average nol ecul ar wei ght
3,720, as deEXamphediby terminal group quantitation, produced by Wako Pure
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using a centgifug e mcrosp n.di spersed in distilled
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nlcrosphereewﬁﬁ% edrikP tHelgb icROsRIES®Sent The recovery rate was

- 45 - 85%, the rate of peptide A inclusion in the microspheres
- was 88.9%, and the peptide A content and 3-hydroxy-2-
naphthoic acid/peptide A molar ratio in the microspheres
were 38.6% and 0.83, respectively.

Example 5

Mlcrospheres were obtalned 1n the same manner as 1n T

Example 4, except that the lactic acid-glycolic acid
copolymer used in Example 4 was replaced with a lactic
acid-glycolic acid copolymer having a lactic acid/glycolic

, acid content ratio of 75/25 (mol%), a weight-average

' - molecular weight of 10,700, a number-average molecular

weight of 6,100, and a number-average molecular weight of
3.770, as determined by terminal group quantitation, and
that the amount of dichloromethane was changed to 6.5 ml.
The recovery rate was 87%, the rate of peptide A inclusion
in the microspheres was 88.3%, and the peptide A content
and 3-hydroxy-2-naphthoic acid/peptide A molar ratio in
the microspheres were 38.3% and 0.92, respectively.

Example 6
To a solution of 1,800 mg of the acetate of peptide A
and 1.8 g of a lactic acid-glycolic acid copolymer (lactic



and 3- hydroxy-2-naphthoi c acid/peptide A nolar ratio in the m crospheres
were 4. 7% and 1.19, respectively. Exanpl e 4 1,900 ng of the acetate
of peptide A 182 ng of 3- hydroxy-2-napAPhoic acid, and 1.9 g of a lactic
acid- glycolic acid copolyner (same as in Exanple 3) were dissolved in a

m xture of 6 m of dichloronmethane and 0.2 m of ethanol. This solution was
poured-in 900 mM of a 0.1% (w w) aqueous solution of polyvinyl alcohol
cont ai ni ng 5% nmannitol and 0.05% L-arginine, previously adjusted to
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usedgﬁh Exanparo 4pubs credhacerl Mdds i &0L 11G acids I§§olic aci d copol yner
having a | actic, acid/glycolic acid content ratio o /25 (mol %, a
wei ght - aver age® PEATFShanR: g Shifosrdutiannuabeplatiergef bt eold of
ot S Pl by MRS GO G Bt 9 nd G0
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spl ution of 4OBHBLHFD5¥ Heanmsiciad.e pafeviemsilye ad justed. 80ogl8fCa dmttic
aci d- gl ycol i gt eeiéh COPO} YOS Aorf@ldifig a turbine type homomixer to
. yield a W/O/W emulsion. The same procedures as those in

Example 3 were followed to yield microspheres. The

recovery rate was 79%, the rate of peptide A inclusion in
Ca e the microspheres was 81.2%, and the peptide A content and

3-hydroxy-2-naphthoic acid/peptide A molar ratio in the

microspheres were 32.8% and 0.91, respectively.

Experimental Example 1 S

About 40 mg of the microspheres obtained in each of

Examples 1 and 2, or about 60 mg of the microspheres
obtained in each of Examples 3 through 5, were dispersed
in 0.5 ml of a dispersant (distilled water with 0.25 mg of
carboxymethyl cellulose, 0.5 mg of Polysorbate 80, and 25
mg of mannitol, all dissolved therein), and subcutaneously
administered to the backs of male SD rats at 8 to 10 weeks
of age, using a 22G injection needle. After administration,
each rat was killed, and the microspheres remaining at the
administration site were taken and assayed for pebtide A

content. The results are shown in Table 1.

Table 1

1 Day 1 Week 2 Weeks 3 Weeks 4 Weeks
Example 1 73% 30% 11% 6% 6%
Example 2 85% 37% 9% 1%
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the above two components and a lactic acid-glycolic acid

copolymer, showed a peptide A release profile different
from that from the microspheres consisting of the two. It
- was also shown that the release behavior of microspheres
can be controlled by combining different lactic acid-
glycolic acid copolymer compositions and weight-average
molecular welghts The results in Example 7 and Reference
‘Example 1 demonstrate that 3-hydroxy-2-naphthoic acid
increases the peptide B content in microspheres.

Example 7

' A solution of 0.8 g of the acetate of 5-oxo-Pro-His-
Trp-Ser-Tyr-DLeu-Leu-Arg-Pro-NH-C,Hs (hereinafter referred
to as peptide B, produced by Takeda Chemical) in 0.8 ml of
distilled water was mixed with a solution of 3.08 g of a
DL-lactic acid polymer (weight-average molecular weight
36,000, number-average molecular weight 18,000, carboxyl
group content based on labeling quantitation method 70.4
pmol/g) and 0.12 g of 3-hydroxy-2-naphthoic acid in a
mixed organic solvent of 5 ml of dichloromethane and 0.3
ml of ethanol, and this mixture was emulsified in a ho-
mogenizer to yield a W/O emulsion. This W/0 emulsion was
injected to 800 ml of a 0.1% (w/w) aqueous solution of
polyvinYl alcohol (EG-40, produced by The Nippon Synthetic



iy Exanpl e 3 70% 31% 14% 9% Exanpl e 4
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25% .- 17% 13% The exper4dental results of Exanples 1 and 2
denonstrate that the rate of peptide A release fromthe m crospheres
consisting of two conmponents, i.e., peptide A and 3-hydroxy-2-napht hoic

acid, varied depending on their ratio; peptide A was nore rapidly rel eased
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800 m of a VEH WHLR) Teqlidsperssduiinoa smapd| suenyt of cdhotilixsl 40~ '
produced by tHie dddeOn aPtRrth@hieh they were freeze-dried to yield a

powder. The microcapsule mass recovery rate was 46%, the

- microcapsule peptide B content and 3-hydroxy-2-naphthoic
acid content being 21.3% and 2.96%, respectively. The in-
clusion efficiencies as determined by dividing these ac-
tual contents by the respective charge contents were

' 106.6% for peptide B and 98.6% for 3-hydroxy-2-naphthoic
acid.

Example 8
A solution of 1.2 g of the acetate of peptide B in
1.2 ml of distilled water was mixed with a solution of
4.62 g of a DL-lactic acid polymer (weight-average molecu-
lar weight 25,200, number-average molecular weight 12,800,
carboxyl group content based on labeling quantitation
‘method 62.5 pmol/g) and 0.18 g of 3-hydroxy-2-naphthoic
acid in a mixed organic solvent of 7.5 ml of d4i-
chloromethane and 0.45 ml of ethanol, and this mixture was
ehulsified in a homogenizer to yield a W/O emulsion. This
W/0 emulsion was then injected to 1,200 ml of & 0.1% (w/w)
aqueous solution of polyvinyl alcohol (EG-40, produced by
The Nippon Synthetic Chemical Industry)., previously ad-
justed to 15°C, and stirred at 7,000 rpm using a turbine



- 48 Chenical Industry), previously adjusted to 15[err]C, and
stlrr‘e‘ﬁ at 7,000 rpmusing a turbine type honom xer to yield a WO W

enul si.on. ThIS W Q Wenul sion was stirtéf at roomtenperature for 3 hours
to volatilize or diffuse in the external aqueous phase the dichl oronethane
and ethanol, to solidify the oil phase, after which the oil phase was
sieved through a sieve of 75 pmpore size, followed by centrifugation at
2,000 rpmfor 5 mnutes in a centrifuge (05PR-22, Hitachi, Ltd.) to
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covery rate as determined by subtracting the amount of

mannitol added was 55.2%, the microcapsule peptide B con-
tent and 3-hydroxy-2-naphthoic acid content being 21.3%
and 2.96%, respectively. The inclusion efficiencies as de-
termined by dividing these actual contents by the respec-
tive charge contents were 99.7% for peptide B and 102.2%
for 3-hydroxy-2-naphthoic acid.

Example 9

A microcapsule powder was obtained in the same manner
as in Example 8, except that the DL-lactic acid polymer
described in Example 8 was replaced with another DL-lactic
acid polymer (weight-average molecular weight 28,800, num-
ber-average molecular weight 14,500, carboxyl group con-
tent based on labeling quantitation method 78.1 pmol/g).
The microcapsule mass recovery rate as determined by sub-
tracting the amount of mannitol added was 50.2%, the mi-
crocapsule peptide B content and 3-hydroxy-2-naphthoic
acid content being 20.8% and 2.78%, respectively. The in-
clusion efficiencies as determined by dividing these ac-
tual contents by the respective charge contents were
103.4% for peptide B and 92.7% for 3-hydroxy-2-naphthoic



- 49 -, type honom xer to yield a WO Wenul sion. This WQ Wenul - sion
was firred at roomtenperature for 3 hours to vola- tilize or diffuse in

t he external aqueous phase the dichl oro® tane and ethanol, to solidify the
oi | phase, after which the oil phase was sieved through a sieve of 75
[err]m pore size, followed by centrifugation at 2,000 rpmfor 5 mnutes in
a centrifuge (05PR-22, Hitachi, Ltd.) to sedinent m crocapsul es, which were
col |l ected. The mcro- capsules were again dispersed in distilled water,
then centrifuged, followed by washing free drug etc. and mcro- capsule

col | eetion. 'm crocapsul es were re-dispersed in a small anount of
distilfled water, and 0.3 g of mannitol was added and di ssol ved, after which
the sblutio tg yield a powder. The m crocapsul e mass re-
covery rateqégﬁﬁ%%nﬁhlng%%§§ sugtracting t he amount of mannitol added was
55.2% the nlcro@amnﬂualpeppfdé B gonf tbataaatiaBehglrpaytldadphimoi c acid
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3- hydr oxy- 21 afdaisiile mass recovery rate as determined by subtract-
ing the amount of mannitol added was 53.6%, the microcap-

sule. peptide B content being 12.1%, The peptide B
inclusion efficiency as determined by dividing these ac-
tual content by the charge content was 60.6%, a rate much
lower than that obtained in Example 9. It is therefore
evident that peptlde B inclusion efflclency was increased
by the addition of 3-hydroxy-2-naphthoic acid.

Example 10

A solution of 1.00 g of the acetate of'peptide B in
1.00 ml1 of distilled water was mixed with a solution of
3.85 g of a DL-lactic acid polymer (weight-average molecu-
lar weight 49,500, number-average molecular weight 17,500,
carboxyl group content based on labeling quantitation
method 45.9 pmol/g) and 0.15 g of 3-hydroxy-2-naphthoic
acid in a mixed organic solvent of 7.5 ml of di-
chloromethane and 0.4 ml of éthanol, and this mixture was
emulsified in a homogeniéer to yield a W/0 emulsion. This
W/0 emulsion was then treated in the same manner as in Ex-
ample 8, except that the amount of 0.1% (w/w) agqueous so-
lution of polyvinyl alcohol and the amount of mannitol
added were changed to 1,000 ml and 0.257 g, respectively,



- 50¢: ; aci d. Conparative Exanple 1 A solution of 1.2 g of the
acet ate of peptide Bin 1.2 m of distilled water was mixed with a sol ution
of 4.8 g of the same DL-lactic acid poly¥er as of Exanple 9 in 7.8 nml of

di chl oronet hane, and this mxture was injected to 1,200 m of a 0.1% (w w)
aqueous sol ution of polyvinyl alcohol (EG 40, produced by The Ni ppon
Synthetic Chem cal Industry), previously adjusted to 15[err]C, and stirred
at 7,000 rpmusing a turbine type hononixer to yield a WO Wenulsion. This
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of 3- hydroxy ution of 1.00 g of
t he acet at e *Hrpaed dy Bllwiidlm(m thieséf agtyell centontsrbyiathei XeePert h a

sol ution of 38> hdifge? drtledtlsl Qle%%' %DQEYE‘SE é&ﬁtﬂ@é BVER&0So P4 ecu- | ar

wei ght 49,500, nunber-average nol ecul ar weig 7,500, carboxyl group

cont ent baséﬁ”bﬁ1h¥ﬂ59¥ﬁj%ﬂﬂ%ﬂﬂtpgﬂpoﬁcﬁéthod 45.9 [err]mol/g) and 0.15 g
of 3- _h_ydroxy 2-naphthoic acid in a m xed organic solvent of 7.5 m of di-
chl or onet ha anqeqo. m of ethanol, and this mxture was enulsified in a
honngenizer WO enul sion. This WO enmul sion was then treated in
t he sane manner &s sqil.lﬁa-orarqﬂ d .202exgceffit thhatcehatanofinpeptide 1B6 1w/ w)

u I t dded
TNt 119 oy T BtsioLagnis b gt abusendhich acde
. ymer (welght average mo-

4.619 g of a DL-lactic acld po
lecular weight 19,900, number-average molecular weight
10,700, carboxyl group content based on labeling quantita-
f_ . tion method 104.6 pmol/g) and 0.179 g of 3-hydroxy-2-naph-
thoic acid in a mixed organic solvent of 7.5 ml of
dichloromethane and 0.45 ml of ethanol, and this mixture
was emulsified in a homogenizer to yield a W/O emulsion.
‘This W/O emulsion was then treated in the same manner as’
in Example 8, except that the amount of mannitol added was
0.303 g, to yield a microcapsule powder. The microcapsule
mass recovery rate as determined by subtracting the amount
of mannitol added was 61.4%, the microcapsule peptide B
content and 3-hydroxy-2-naphthoic acid content being
15.88% and 2.23%, respectively. The inclusion efficiencies
as determined'by dividing these actual contents by the
respective charge contents were 77.75% for peptide B and

75.05% for 3-hydroxy-2-naphthoic acid.

Example 12 _

A solution of 1.00 g of the acetate of peptide B in
1.00 ml of distilled water was mixed with a solution of
3.85 g of a DL-lactic acid polymer (weight-average molecu-
lar weight 25,900, number-average molecular weight 7,100,
carboxyl group content based on labeling gquantitation



- 51:-, to yield a mcrocapsul e powder. The m crocapsul e nmass re-
covery¥*rate as deternined by subtracting the amount of mannitol added was
53.8% -the nicrocapsul e peptide B con-- t&nt- and 3- hydr oxy- 2- napht hoi ¢ aci d
content being 18.02% and 2. 70% respectively. The inclusion efficiencies as
de- term ned by dividing these actual contents by the respec- tive charge
contents were 90. 1% for peptide B and 90. 1% for 3-hydroxy-2-naphthoic acid.
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Comparative Example 2
_ A solution of 1.00 g of the acetate of peptide B in
- 1.00 ml of distilled water was mixed with a. solution of
4.00 g of the same DL-lactic acid polymer as of Example 12
in 5 ml of dichloromethane, and this mixture was emulsi-
fied in a homogenizer to yield a W/0O emulsion. This.W/O
' emulsion was then treated in the same manner as in Example
7 to yield a microcapsule powder. The microcapsule mass
recovery rate was 48.7%, the microcapsule peptide B con-
tent being 11.41%. The inclusion efficiency as determined
by dividing this actual content by the charge content was
'57.1%, a rate much lower than that obtained in Example 12.
It is therefore evident that peptide B inclusion effi-
ciency was increased by the addition of 3-hydroxy-2-naph-
thoic acid.

Example 13

A solution of 89.2 g of a DL-lactic acid polymer
(weight-average molecular weight 30,600, number-average
molecular weight 14,400, carboxyl group content based on
labeling quantitation method 63.0 pmol/g) in 115.3 g of
dichloromethane was mixed with a solution of 3.45 g of 3-
hydroxy-2-naphthoic acid in a mixed organic solvent of



- 52\ met hod 98.2 [err]nol/g) and 0.15 g of 3-hydroxy-2-naphthoic
acid wn a m xed organic solvent of 5.5 m of di- chloronethane and 0. 35 ni
of ethanol, and this nixture was enul stf?®d”in a honpgeni zer to yield a WO
emul sion. This WO enul sion was then treated in the sane manner as in
Exanple 7 to yield a mcrocapsul e powder. The mi crocapsul e mass recovery
rate was 48.8% the m crocapsul e peptide B content and

3- hydr oxy- 2- napht hoi ¢ acid content being 21.31% and 2. 96% respectively.
The inclusio f n I =N h act yal ntents
by the respe:g ?é/eéc gr(gie&?b “q?egsheav\gr e%?’%ogyg‘% éo(r% p%ﬁ%’ §§i §B§ %for
3- hydroxy- 2-miptithei wascadjus tetbiparZs.isv € .ExBophetRis orgdhmlsmlmnbf 1.00
g of the ac f Is d e d with
2 sol bt on ofoAbEy opd | s et ol il AL e
5 m -of di cmﬂ@mma‘?@ 22 g fs thexaged akgs ofnpepitidei Bdihn28 hénefeni zer
to yield a WRemsd %té&m pr\é!@&fmlyswem\@as tbha erb‘@?_t je_gl!lﬂwéﬁeb§am9

manner. as in_Exanple 7 yiel'd a m crocapsul e po he m crocapsul e
mass Eecovery ‘Fld%‘et%soﬁ@ti%r%% e Ydedds @ €rp8st emalpienn- whdah being

11.41% The vyd¢| tisdrorenad 14 06 RILC Y23 od@lodr Wpredoky sdyhdkBy 4hi & astual
cont ent by the charge contenjéiwas 57.1%. a rate nuch_| ower than that
obtaiped in IB(%W%%Z 01 ¥1q1d ¢ M/G MW LSIORent TRES WL RIS FOR r?’@%m on

ef fi -#ci encythvers ¢omYeahsted 19y, Il addi tmgrecmiedBtbydnoxytareaab at boig acid.
Exanpl.e 13 on, of .89 2 a ol

(vvelrrght aver%g{ew’rar\tﬁcglé{f%sr rgvovtcai gtl%tonéﬁ% r%’é‘r %g‘vepgg ?ﬁg UI gFonm ght

14, 400, car bged droufhe dtitroan tsarmdhe@nd é;behulnglqﬂiadustawonpnevhod 63.0
[err]gol / g) a&gﬂ%%&&&fa dighisercomglagng gaglﬁmed %I&Baa aﬂgutlon of 3.45

gof3 hydr oxy hoic acid I'n a mxe ani c sovento
stlrred at 7,000 rpm using HOMOMIC LINE FLOW (produced by
Tokushu Kika) to yield a W/O/W emulsion. This W/O/W emul-

sion was stirred at 15°C for 3 hours to volatilize or dif-

.;' fuse in the external aqueous phase the dichloromethane and
ethanol, to solidify the oil phase, after which the oil
phase was sieved through a sieve of 75 pm pore size, fol-
lowed by centrifugation at 2,000 rpm in a centrifuge (H-
'600S, produced by Kokusan Enshinki) to continuously
sediment microcapsules, which were collected. The microcap-
sules were again dispersed in a small amount of distilled
water, then sieved through a sieve of 90 pm pore size,
followed by freeze drying, to yield a powder. The micro-
capsule mass recovery rate as determined by subtracting
the amount of mannitol added was 66.5%, the microcapsule
peptide B content and 3-hydroxy-2-naphthoic acid content
being 22.3% and 2.99%, respectively. The inclusion effi-
ciencies as determined by dividing these actual contents
by the respective charge contents were 104.5% for peptide
B and 102.1% for 3-hydroxy-2-naphthoic acid.

Experimental Example 2

A dispersion of about 45 mg of microcapsules as de-
scribed in Example 8 in 0.3 ml of a dispersant (distilled
water containing 0.15 mg of carboxymethyl cellulose, 0.3



- 53¢z, 38.8 g of dichloronethane and 6.27 g of ethanol, and this

m xt u¥e was adjusted to 28.5[err] C. Fromthis organic solvent sol ution,

224 g-was wei ghed out and mixed with an @&#ueous solution of 22.3 g of t he
acetate of peptide Bin 20 ml of distilled water, previously warned to
44.9[err]C, followed by 5 minutes of stirring, to yield a crude enul sion,
whi ch--was then emulsified at 10,000 rpmfor 5 mnutes in a ho- nbgenizer to
yield a WO enul sion. This WO enul sion was then cooled to 16.3[err]C, and

(56 o o7 SEUFEEr Grsalle 40 (Uh BOMEPUT REbNCBT 81, PAN KX TYLa®! CONO)
adj usted to EB?%¢#@I:W@We$uhpwian6nnaiypewma@gsandegtmpraueaba5k§06frpn1
usi ng*HOVOM (5 14 Nip RL LW (EPE ofyced. by el Qs hy, K 'n?Sé ?QGY hgc&}%g&%-

emul stzon. This WO Wenul - sion was stirred at ours

vol at&f i ze of1l@i f Afftgde giyephd iaet éﬂﬁalrvaéaeoust@h@maetlmelb&(thlajrcbmeithane
and et:hanol ,cf@céﬁéﬁﬁéé yréxﬁ@x.rpir{g R S%e af j%r(':t%?\cglggewgfle PhRSk

S|eved t hrou g a sieve of pn1pore si ze, centri ugatlon at
2, 000%t pm i ndGRRERtFHFRAY (ar&s £9% aeptddenp Rarzuéahmﬁgmnkrlyapl@-
conti ruousl ytised nemtd m %@C&@iéheionV\BbﬁbsV\Qé ea&phrfi &4l vyl NBi v GilRF ap-
sul es:were ai n_di sper ma annunt of distilled water, then

si eved throﬂ%ﬁ & %?%‘5 %f %Eeapf& g IlB\?vEEiaPJyCPPE%EESdr?’P%g, to

yi el d=a powdene pl':mpeurtqr (praﬂrisad ofmche DEcAwetYcr ateédapolighernused by

subt racting %Pa oI added was 66.5% the m crocapsul e
pepti de B content and hydroxy-"2- napht hoi c acid content being 22.3% and
2.99%. - respectively. The inclusion effi- ciencies as determ ned by dividing
t hesel'actual contents by the respective charge contents were 104.5% for
peptlde B an 02. 1% for 3-hydroxy-2-naphthoic acid. Experi mental Exanpl e
2 o A diégg? of about 45 ng of m crocapsules as de- scribed in
Exanple- 8 in 0.3 m of a dispersant (distilled water containing 0.15 ng of

arbOXynEtrW@héEﬁéﬁéf%%%lé%:%f the Microcapsule DL-Lactic Acid Polymer
Described in Example 8

Mw (Da) 25,200
[COOH] (pmol/g polymer) 62.5

Retention rate: R :
Peptide B 3-Hydroxy-2-naphthoic acid

1 day 93.1% 91.0%

2 weeks 84.2% 54.1%
4 weeks 75.7% 34.5%
8 weeks 63.0% 5.1%
12 weeks 46.9% ' 0.0%
16 weeks 31.7% 0.0%
20 weeks 24.0% 0.0%

As seen in Table 2, the microcapsule described in Ex-
ample 8 shows a dramatically high bioactive substance re-
tention rate of not less than 90% at 1 day after
administration, despite the high bioactive substance con-
tent. It is therefore evident that 3-hydroxy-2-naphthoic
acid is effective not only in allowing bioactive substance



- 54n-} ng of polysorbate 80, and 15 ng of mannitol all dissolved

t her éin) was subcut aneously adnlnlstered to the backs of male SD rats at 7
weeks of age, using a 22G injection nee-%le. After given tine intervals,
rats were killed, and m - crocapsules renmaining at the injection site were
t aken and quantitatively assayed for peptide B and 3-hydroxy-2-naph- thoic
acid.-The retention rates as determ ned by dividing the assay val ues by the
respective initial contents, and the property profiles of the DL-lactic

aci d pol yner. ' i.n Ta a . i SLi of the
Nlcrogapgule @i&ﬂ%@{ (ﬁgﬁ%:ggl n%k Eﬁ% ﬁédgkﬁté%gﬁnggggkgéké%%ﬁa-

25, 200 [ COOHfatiens ) rhllﬁ gl yitervery well guppresRéngnihdhiaidt burst

Peptide B ¢ 1&10&1@?’3@”&?’ tg/%rﬂf'é%ht h@hisaﬁigr%ca%sule is lcaﬁ?ébleg 1%

91. 0%:.
75. 7% relea51nggm_QQ@act1ve subg tpgagies at @3constant rate over a5 1%

12 weeks 4B @10n period of titheél% 1n addltlclﬁ V‘@Pﬁ§ougl§13-7h9droxy—
0. 096 eks 24. 0% seen I n

we
Tabl e52, t he? TREPRERDLRI3CiHbas repletely &#&Peeélglhaaéeé éFaﬁaFPeal |y
hi gh b' OaCtlﬂ(zﬂcﬁd’cﬁ@ﬁé\i\E@ dfcer 12 weeks, the same bioactive substance

release rate is maintained, demonstrating efficacy as a
sustained-release preparation.

Experimental Example 3

After microcapsules as obtained in Examples 7 and 92-
12 and Comparative Example 1 were administered and recov-
ered in the same manner as in Experimental Example 2,
peptide B therein was quantified. The retention rates as
determined by dividing the. assay values by the respective
initial contents, and the property profiles of the DL-
lactic acid polymer used are shown in Table 3.



tention rate of not less than 90% at 1 day after adm nistration, despite

t he ﬁT@h bi oacti ve substance con- tent. It is therefore evident that

3- hydrioxy- 2- napht hoic acid is effective ¥ot- onIy in allow ng bioactive
subst a@nce - 55 - i ncorporation at high
contents in sustained-rel ease prepa- rations, but also in very well
suppressing initial burst of bioactive substances. This mcrocapsule is
capabl e’ of releasing a bioactive substance at a constant rate over a very

| ong peri od @ i nf In addition, although 3-hydroxy- 2-naphthoic acid has
conpletely b 2121 i nated fromthe m crocapsul e after 12 weeks, the sane
bi oacti ve sulisarpanceeris e gfittthd DUvdiaattdichadiddepdgmerati ng ef ficacy as a
-'jned rel ease preRangld @kamp1EXRREASIRNT ai:x §€p| SExhmple CdnpBFative

m crogapsul es as obta|n¢d in Eganplesl nd 9 and Cpgparahﬁﬁﬁbfgamp e
wer e &dmi ni sterec J foui

Exanpfe 2, d@bﬁ*aé B therein was quantlfled The retention rates as
det erf ned by divi di n3p.t0ke a2&.BPovalates§ody t e, 9&Epeckbv¥Od niti28,800nt ent s,

and the pr opgatdoy ] P{afd1l §Spakmbhe DL- lactic acid pol ynmer used are shown in

gable 2 70.4  78.1 45.9 104.6" % 3s.2 78.1 lable
Retention rate
¥ 1 day 92.9% 94.6%  93.0% 92.3% 89.4% 83.1%
é 2 weeks 82.2% 82.2%  80.4% 37.5% 34.3% 73.0%
| 4 weeks 69.6% 69.2%  58.3% 30.7% 29.7% 65.3%
i 8 weeks 62.1% 56.0%  36.6% 24.6% 20.8%
12 weeks 47.9% 39.4% 30.8% 18.6%
16 weeks 32.2% 28.0%
20 weeks (not 22.9%
determined)

24 weeks 11.6%
28 weeks 4.1%

As seen in Tables 2 and 3, the microcapsulés de-
scribed in Examples 7 through 12 show dramatically higher
retention rates of about‘90% or higher at 1 day after ad-
ministration, as compared with Comparative Example 1, It
is therefore evident that 3-hydroxy-2-naphthoic acid is
effective not only in allowing biocactive substance incor-
poration at high contents in sustained-release prepara-
tions, but also in very well suppressing initial burst of
biocactive substances. Experiments using the microcapsules
described in Examples 7 through 9, in particular, demon-
strate that when DL-lactic acids with weight-average mo-
lecular weights of about 20,000 to about 50,000, and
carboxyl group contents £ about 50 to 90 pmmol/g, as deter-
mined by the labeling quantitation method, are used, it is
possible to release a bioactive substance at a constant

rate over a very long period of time.



Characteristics of the DL-Lactic Acid Pol yners: Exanpl e

Exanpl#e Exanple Exanple Exanple Conparative 7 9
10 - 11 12 Exanpl e 1 - 57Mw (Da) 36, 000
28,800 49,500 19,900 25,900 28, 800 [COOH (prol /g pol yner)
70.4 ~78.1 45.9 104. 6 98. 2 78.1 Retention rate

1 day 92.9% 94.6% 93.0% 92. 3% 89. 4% 83.1% 2 weeks 82.2%
82.2% 80.4% 37.5% 34. 3% 73. 0% 4 weeks 69.6% 69.2%
58.3% 30. 7% 29. 7% 65. 3% 8 weeks 62.1% 56.0% 36.6%

24. 6%_ 20. 8% 12 weeks 47.9% 39.4% 30.8% 18. 6% 16
weeks:- 32. 2% xperimen2810fkample 4 20 weeks (not 22. 9%

det erjmi ned) §4 m%eks . 11. 6% 28 weeks 4.1% As
seen §'h Tabl es 2 8hGe3, thReMATEPRRFELR RPtRined in Examnlged mascsa®l es 7

through 12 sbowadeauslycaihynhétdesd to ratd ai)erﬁrie)mlertaﬁoaz d‘éfsc%ﬁ%léh 90% or
hi gher- at 1 y t_ad: i njstration, as npar wi th Conparative
Exanpje 1. |?3 Egﬁggl’f‘%"?%r%’f%’?@%\rﬁr'detfﬁ“tcﬁﬁa%-"rﬂﬁ%??%z- ARGhEREVE aci d

ef peptide Boandntgstostdtand noprinerantd hiersU bhstrande tefmdhed .

poratlon at ghgh-coRi €0 Srd Mottt Aiaki el Gpse prepara. tions, but

al so i'n very melf suppressing initral” burst” of bi oactive substances.

Experj pents using the nicrocapsul es descri bed in Exanples 7 through

9, in*particular, denon- strate that when DL-lactic acids with

wei ght. - aver age, no- | ecul ar wei ghts of about 20,000 to about 50, 000,

and C ?B%?yf group contents f about 50 to 90 [err]npl /g, as deter-

m ned by the |abeling quantitation nethod, are used, it is possi bl e

to release a bioactive substance at_a constant rare over a very |ong

perioﬁgof time. 12 weeks 16 weeks 24_w57k§ 26 weeks 28 weeks

- Peptide B (ng/ml) 1.10 1.65 1.46 2.73 1.30

Testosterone 0.18 0.45 0.68 0.41 0.71
(ng/ml)

As seen in Table 4, the blood bioactive substance
_conceqtratiqn_wag kept at constant levels until 28 weeks
after administration,.meéﬁingmfhét—thé biéécti&é-éﬁbsﬁéhéé
was continuously released from the microcapsule over a 28-
week period. It was shown that the pharmacologically ac-
tive testosterone concentration was constantly suppressed
below normal levels during that period, and that the bio-
active substance was stably preseht in, and released from,
the microcapsule over a long period of time, without los-
ing its activity, even when 3-hydroxy-2-naphthoic acid was
contained in the preparation.

Example 14

A 0.5 N aqueous solution of sodium hydroxide/methanol
mixture (v/v = 1/5) was passed through a strongly basic
ion exchange column (SeP-Pak Plus QMA Cartridge, produced
by WATERS) to eliminate chloride ions. After the effluent
became non-responsive to the addition of a silver nitrate
solution acidified with nitric acid to show white turbid-



Experi mental Exanple 4 After the mcrocapsule obtained in Exanple 7
was S¢fb- cutaneously administered to rats by the nethod described in
Experimental Exanple 2, blood was col I[ed®8d, and serum peptide B and

t est ost erone concentrations were determ ned. The results are shown in Table

4. - Table 4 12 weeks 16 weeks 24 weeks 26 weeks 28
weeks Peptide B (ng/m) 1.10 1.65 1.46 2.73 1.30
Test ost er one 0.18 0. 45 0. 68 0.41 0.71 (ng/m)
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MMlteitL”tM(%ollowed by concentration using a roéary evaporator. Upon
white turbidity formation in the mixture, 2 ml of water
was added, followed by stirring. After centrifugation
(3,000 rpm, 20°C, 15 minutes), the supernatant was removed,
followed by several cycles of water washing, after which
the precipitate was vacuum dried (40°C, overnight) to
e yield 4.09 mg of the 3-hydroxy-2-naphthoic acid salt of

peptide B.

To thls salt, 0.5 ml of water was added, followed by
'stlrrlng at room temperature ‘for 4 hours,'after which the R
liquid was filtered through a 0.2 pm filter and quantified
by HPLC. The peptide B and 3-hydroxy-2-naphthoic acid con-
centrations were 2.37 g/1 and 0.751 g/1, respectively. The
salt partially remained non-dissolved even after stirring:;
the above values are assumed to represent the water solu-
bility of the 3-hydroxy-2-naphthoic acid salt of peptide B,
not more than 1/100 lower than the water solubility, not
less than 1,000 g/1, of the acetate of peptide B. This
demonstrates that the 3-hydroxy-2-naphthoic acid salt of
peptide B can be used as a peptide B sustained-release
preparation.

[Effect of the invention]

The sustained-release composition of the present
invention contains a biologically active substance at high
contents, and is capable of controlling the rate of its



ity, va water/ met hanol m xture (v/v 1/5) was passed to elimnate the
excess-al kali. After confirmation of efflu- ent neutrality, 18.8 mg of the
acetate of peptide B was dissolved in2 3% of a water/nmethanol mxture (v/v
= 1/5) and passed through a colum pretreated as descri bed above. This

ef fl uent and another effluent resulting frompassage of 6 ml of the m xture
al one were conbined; this mxture was m xed with a solution of 5.91 ng of
3- hydr.oxy-2-naph- thoic acid in 1 m of a water/nmethanol mxture (v/v
1/5),-fo||omg%bg¥ concentration using a rotary evaporator. Upon white
turbidity fSrHtIB in the mixture, 2 M of water was added, followed by
stirring. After centrifugation (3,000 rpm 20C, 15 mnutes), the
super nat ant was renoved, foll owed by several cycles of water washing, after
which the precipitate was vacuumdried (40[err]C, overnight) to yield 4.09
ng of .the 3-hydroxy-2-naphthoic acid salt of peptide B. To this
salt, 0.5 mM of water was added, followed by stirring at roomtenperature
for 4-hours, after which the liquid was filtered through a 0.2 pmfilter
and quantified by HPLC. The peptide B and 3-hydroxy-2-naphthoic acid con-
centrations were 2.37 g/l and 0.751 g/l, respectively. The salt partially
remai ned non-di ssol ved even after stirring; the above values are assuned to
represent the water solu- bility of the 3-hydroxy-2-naphthoic acid salt of
pepti de B, not nore than 1/100 | ower than the water solubility, not |ess
than 1,000 g/l, of the acetate of peptide B. This denonstrates that the

3- hydroxy-2-naphthoic acid salt of peptide B can be used as a peptide B
sust ai ned-rel ease preparation. [ Effect of the invention] The

sust ai ned-rel ease conposition of the present invention contains a

bi ol ogi cally active substance at high contents, and is capabl e of
controlling the rate of its - 59 -



rel ease. - 60- d ai s 1. a
sust a&ihed-r el ease conposition containing a biol ogi caty—active substance or

salt thereof, a hydroxynaphthoic acid oré&Gait there bi odegradabl e
pol ymer or salt thereof. 2. a sustained-rel eag Im)l ﬁ
L

cordi ng
to claim1 wherein the biologically active substance*i sc !lm’g:ﬂclﬂfl y

¥

active peptide. - 3. a sustained-rel ease conposition according to claim
2 wherein the biologically active peptide is an LH RH derivative. 4,
a sustai ned-rel ease conposition according to claim1l wherein the
hydro%ynaMﬂqﬂﬁ%m%cid I s 3-hydroxy-2- naphthoic acid. 5. a
sust akned-rel ease conposition according to claim1l wherein the
bi odegr adabl e pol yner_is n.%grr%; hydr o I I.C o r. 6.
a susfai ned-r el ease 5bﬁ§5%ﬁﬂ'8ﬁ' 8&8%59né¥ﬁ§°%?g¥é#SCgﬁggﬁggﬁip%in t he
[e{r]ﬁhydrOXQEEHdgqullyeanuivmonmsmamseaorasaﬂ¢ sbedegFycalic acid
POl YY1 e ed i B35 80MARELEN RECATbIGabEraRARITRE
wherein the é%ﬁl%%g%éﬁﬁﬁé?%ﬁa %%: %E %@ﬁ% an% glyéo ﬁc aCFg ?58100?0 to
40/ 607 nol % polyme18.om snidt dihegwotsl ease conposition according to claim7
wherein the content ratdfQfine@tilede@sbdcBRfodli¥sBhi Gcastding 480/ 0 ol %
9. a sustained-rel ease conposition according to claim®6 wherein the
vei ght'- aver agfea ¥l ecthafieifeitdiet bdrLogd Sadlymertivea 5B tane601f 02about
1001090- biologically active peptide.
f 3. a sustained-release composition according to
v claim 2 wherein the biologically active peptide is an LH-
RH derivative.
4. a sustained-release composition according to
claim 1 wherein the hydroxynaphthoic acid is 3-hydroxy-2-
naphthoic acid.
S e o 5. a sustained-release composition according to
claim 1 wherein the biodegradable polymer is an a-
hydroxycarboxylic acid polymer.
6. a sustained-release composition according to
claim 5 above wherein the a-hydroxycarboxylic acid polymer
is a lactic acid-glycolic acid polymer.
7. a sustained-release composition according to
claim 6 wherein the content ratio of lactic acid and
glycolic acid is 100/0 to 40/60 mol%.
8. a sustained-release composition according to

claim 7 wherein the content ratio of lactic acid and
glycolic acid is 100/0 mol%.

9. a sustained-release composition according to
claim 6 wherein the weight-average molecular weight of the
polymer is about 3,000 to about 100,000.

10. a sustained-release composition according to
claim 9 wherein the weight-average molecular weight of the
polymer isw about 20,000 to about 50,000.

11. a sustained-release composition according to
claim 3, wherein the LH-RH derivative is a peptide

repesented by the formula:



10. a sustal ned-rel ease conposition according to claim9 wherein the
wei gt aver age nol ecul ar wei ght of the pol yner isw about 20,000 to about
50, 000 11. a sustained-rel ease -c@fpositi on according—toclraim 3,

wherein the LHRH derivative is a peptide repesented
- 61 - 5- ox0-Pro-Hi s- Trp Ser-Tyr-Y-Leu- Arg- Pro Z ﬁﬂi@“ mmmt u“ents
DLeu, DAl a, DTrp, DSer(tBu), D2Nal or DHi s(I nBzl resent s
NH-Clerr]H err] or Gy-NHerr], 12. a sustal ned rel ease comnposition
according to claimé6, wherein the terminal car boxyl group content of the

pol yner is 50-03tP R R He - - Sedi-TYFads Leyr Axp-BFOot he pol ymer . 13. a

sust al.ned- r QJ1RASS 1 R rd SHh tAC BREd, NBal 8 , Che-p, 3psubetghun, tHenapl @F ratio
of the hydro}i/napht hoic acid or salt thereof and the LH RH derivative or

salt ther eofPHiS (IMBa1d it & FepgesenpsaNH-CoHs pr Gl¥siileai ned-rel ease
conmposi tion accoridi NG tsuddaginedlFe1eeecicompbeikidoRHadesraghyveoor salt

et sened. r L Yo et e kol Rana T bATPhint  orgiR; ePRCORE B cacti ve

subst ance ortisalgo Iiyrenedfs i59-8@r yistrogbi | pesohnbt emass wagramdrosothdl e in
wat er i rymaersustal ned-rel ease conposition according to claim1, which
I's i ntended nj‘ection. 17. a nmethod of producing the
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hydroxynaphthoic acid or a salt thereof.

18. a method of producing the sustained-release
composition according to claim 17, comprising mixing and
dispersing a bioactive substance or salt thereof in an
organic solvent solution containing a biodegradable
polymer or salt thereof and hydroxynaphthoic acid or a
salt thereof, and subsequently removing the organic
solvent. .

19. a method of producing the sustained-release
composition according to claim 18, wherein the biocactive
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24. a method of suppressing biocactive substance
initial burst from.a sustained-release composition,
~comprising using hydroxynaphthoic acid or a salt thereof.

25. a method of increasing the efficiency of
bioactive substance inclusion in a sustained-release
composition, comprising using hydroxynaphthoic acid or a
salt thereof.
~ 26. a hydroxynaphthoate of a bioactive peptide.

27. a hydroxynaphthoate of a bioactive peptide
according to claim 26, which is soluble in water or very
slightly soluble in water.

28. a sustained-release composition containing the
hydroxynaphthoate of a bioactive peptide.
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Abstract

A sustained-release composition containing a
hydroxynaphthoic acid salt of a biologically active
substance and a biodegradable polymer, a method of its
production, and a pharmaceutical composition containing
said sustained-release composition.



