1 SUSTAI NED- RELEASE PREPARATI ON The present invention rekf éq%éz a _
sust ai’ned- rel ease preparation containing a physiological‘% 6ﬁbrﬁhe
and to a nethod of ‘producing the same. 5 P@ap?j THE
I N\VENFL.ON The priorf art includes, as disclgsed in EP-A 481 732, a
sust ai ned-rel ease preparation conprising a drug, a polylactic aC|d and a
glycolic acid- hydroxycarboxylic acid [err] copolynmer. 10 The di scl osed
process conprises preparing a WO enul sion consisting of an internal water
phase conprising an aqueous SUSTAINEDeREREABESPREPGRATION active peptide
and an external oil f [ | e pol yner

I n an organic 15 EH?vérgggBédih@gn%f§8v¥%#8€e ngth§q§gggg%§F an
aqueous neduun1aa&epsgcpgspngathenrggntainganévthnmpépqmca&ﬁy active
sustained-1 el ea5ep 4ROGRASELCH hdEKEATaE! BriiheingCAalkanl: A 52510
describes a mc apsul e conprisin 8 ornondl I'y active polypeptlde

a bi odegralBlabl e pol yner and aB | agent. The

di scl osed process fownétﬁrmbedHEEIQﬂcnﬁdascoaseaiabneaearQﬁeﬁﬁ.whlCh
conprises addin cervation,a enmul si_on consi sting of an

aqueous solutloﬂ 8¢ 7 ? e 25S“StﬁnggéﬁF;BésSsPFﬁBaFﬁFéPﬁaF°WQFéFlﬁﬁa§e and a
hal ogenat ed orgaaug,salpemylaetibeaaih ahdse gmypbmicdac&ucrocapsules _ :

b0l vi actide. o PErsaRyearPaRYIRECHELE* HORHTES . 408y ESEB0ET BoeBLymer e
or a m xtuge ofThbedéspmb;edrgrandsa camprisesoprkparhagt adW/0Al so

the water- i nsol SBRLYEeR PalistkeLRg RE A PAPELRRT RaRor BhRgR” @ =7
pol ygl ycol i de, eomprisingsan aguedugl sodutioncpd sopbigiologicalidiyxture of
these polyners, speib¥i pepti8eSahyeah B%tE8¥ARY" 8i10Pna8d comprising a

solution of a biodegradable polymer in an organic

15 solvent, adding said W/O emulsion to water or an
. aqueous medium and processing the resulting W/0/W
_emnlsmon into sustained-release microcapsules (drying-
ln-water method) R
EP-A~52510 descrlbes a mlcrocapsule compr;s;ng a
20 hormonally active polypeptide, a biodegradable polymer
and a polymer hydrolysis control agent. The disclosed
process for its production is a coacervation process
which comprises adding a coacervation agent to a W/0

emulsion consisting of an aqueous solution of the

25 polypeptide as the internal water phase and a
halogenated organic solvent as the oil phase to provide
microcapsules.

GB-A-2209937 describes a pharmaceutical
composition comprising a polylactide, a polyglycolide,
30 a lactic acid-glycolic acid copolymer or a mixture of
these polymers and a water-insoluble peptide. Also
disclosed is a production process which comprises dis-
persing a salt of the water-insoluble peptide in a
solution of said polylactide, polyglycolide, a lactic
35 acid-glycolic acid copolymer or a mixture of these
polymers, removing the solvent by evaporation and



2 molding the resulting mxture into solid particles. EP-A 58481 descri bes
a precess for producing a pharmaceutical conposition conprising a

polyl actide and an acid-stabl e pol ypeptide which, for instance, 5
conprises dissolving tetragastrin hydrochjoride and a polylactide in
aquedus di oxane, casting the solution int® a filmand evaporating the

sol vent. EP-A-0467389 teaches a technology for providing a drug delivery
syshen1for protei ns and pol ypeptides by 10 t he pol yner precipitation
techni que or t ' 'qﬁﬁ: d 531 4 cont ai ns
no specific chéﬁaé%ﬁﬁg§@%§%§s%f§§§#gn16%n %f%?%% %ﬁlf%r#ﬁfggégégfive. 15 .
The | utei ni zi ng horERmd=-5848hsdesdcnibes e PRPGORS a5OF HPFPARSINGNRH) , i s
secreted from wwaféém@oﬁﬁdsﬂwﬁ EOmpRLEPAGTE POLYNECRIAY hAGY

gl and. The Lkié uteiniz%gg hornbhe) and [err (fgl?cleggt?nu?ating

hor none), whi cd Agide$ 3¢9 E%EYE@PEl%&tWBh Rnet@Bnd@st8NCe t o synt hesi ze
steroi d hgr monesmprivesediysdlyesgotetrhghbtrifchpdrotRboeidé bnlha

agoni stic and ania Onls%%fﬁﬁe tides is, known. Vheg,a hi ghl nistic
peptide is repRRtRHRFELAR i sRERBAUS ( HLOXILTr aBRE +@getﬂ8ré°$aglP8duced

I n nunber sodtbﬂﬁ%taefinmnsﬁdOQvaﬁog@ﬂﬂdg the solieented steroi dal hornones
I S suppressed. eLsf pr ] lyvativ e d . al ue as
t her apeuti c agents #%rﬁﬁgﬁﬁéﬁggd%%gé %%féd?é%gééégégcgagsp%ggggéﬁé %ancer
beni gn prost atdmegadglivedpneystesi forhprotedngoand polypeptides by

met r of i by na"€ﬁ€C€61QH§r3 reciﬁﬁ@&ﬁi&n fBEHRLue2BECEtheChcrObpAre
contraceptives. Particularty, the problemof histam ne-releasing activity
was pointed outerbrigeery HAVaYeR, sFR18f LiR@*aEUrs| FERLAMPS "And second
generations (ThgeEhaionaesti6shseMabbiitya3systéfi9cdntainiA§OanbuH-~RH35
nunber of conpaunds Eave si nce been synthesized and recently

LH RH ant agoni 2PRVBEPTPdes having no .

15 The luteinizing hormone-releasing hormone, known
as LH-RH (or GnRH), is secreted from the hypothalamus
and binds to receptors on the pituitary gland. The LH
(luteinizing hormone) and FSH (folicle stimulating
hormone), which are released thereon, act on the gonad

20 to synthesize steroid hormones. As derivatives of LH-
RH, the existence of both agonistic and antagonistic
peptides is known. When a highly agonistic peptide is
repeatedly administered, the available receptdrs are
reduced - in number so that the formation of gonad-

25 derived steroidal hormones is suppressed. Therefore,
LH-RH derivatives are expected to be of value as
therapeutic agents for hormone-dependent diseases such
as prostate cancer, benign prostatomegaly,
endometriosis, hysteromyoma, metrofibroma, -precocious

30 puberty, mammary cancer, etc. or as contracéptives.
Particularly, the problem of histamine-releasing
activity was pointed out for LH-RH antagonists of the
so-called first and second generations (The
Pharmaceuticals Monthly 32, 1599-1605, 1990) but a

35  number of compounds have since been synthesized and
recently LH-RH-antagonizing peptides having no



3 appreciabl e histanmi ne-rel easing activity have been devel oped (cf. USP No.

5110904, for instance). In order for any such LH RH antagonizing peptide to
mani - fest its pharnacologlcal effect, there is a need for a 5

controll ed rel ease system'so that the congftltlve i nhi bition of endogenous

LH RE nmay be persistent. Mreover, becau3e’of histam ne-releasing activity

whi ch may be |ow but is not non-existent I n such peptides, a demand exists

for a sustained-rel ease preparation with an 10 i nhibited initial burst

i medi ately fol] ation rticular the case of a

sust ai ned- releéiég%ggﬁgggégh ?ﬁW%SE'F% 235D °¥4v+€y DPEF BR®Rt o i nsure
a nore positivelevelepedt 6of. réSRaNe@. 031108045 fopemsﬂmce)ordbn that the
desired efficac safe . At the
Sare L1, hororasY BEeaag fech WAl SALEGoL 1Ay Do Elfe N0 thilni

sust ai ned- reIea%%SErb%%rﬁh¢€mﬂ¢@®¢@@F®lh$§ﬁe@%pttm%rerh® aaneedofoxy a

physi ol ogi gal |y, | | r I I zi ng pep-
ti des. SUMVARY %%Qtf-l%l‘lﬁ%EfN%%@g% y%sr%ﬁ é? g&ﬁixé‘% %?%g%%b?ﬂ%g%??on t here

i s provided: 25inhiBition sofendeIeReNS i-RH JPAY PP PETFLEReRBADI i ses a
physi ol ogi cal | yM&EédVEr pepétaesef of W@LQ@&ﬁﬂé fOl8as eng cactiwiey SHRigh may

55 CRG 1 opr eserts ' B MhPHCr BT TEs] RS Orh POPBLEeE! EHASFERTL &
exists for a sustalned-release preparation with an
10 inhibited initial burst immediately following
administration. '

Particularly, in the case of a sustained-release
(e.g. 1-3 months) preparation, it is important to
insure a more positive and constant release of the

15 peptide in order that the desired efficacy may be
| attained with greater certainty and safety.

At the same time, there is a long felt need for a
method of producing a sustained-release preparation
having a high peptide trap rate for a physiologically

20 active peptide, particularly LH-RH-antagonizing pep-
tides. '
SUMMARY OF THE INVENTION

According to the present invention, there is

provided: | | )
25 1) = A sustained-release preparation which comprises a
physiologically active'peptide of the general formula
_ CH(CEs)
CH-R: CH-R:  CH,-0H CHy-R. Grds Gl Chioki

X~NH-CE-CO-NH-~CH-C0-R s ~NE~CH-CO-N~CH-CO-NH-CH-CO-NE-CE-CO-NE-CH-CO-N—CH-C0-R,~NHy
(@) 6] I (®)
30 _ :
{11l
wherein X represents an acjl group;
R;, R; and R, each represents an aromatic cyclic group;
35 R, represents a D-amino acid residue or a group of the

formula



4 [err] 5 wherein R3'" is a heterocyclic group; [err] represents a group
‘of the fornula [err] whereinnis 2 or 3, and [err] is an am no group which
may optionally be substituted, an aromatic cyclic group or an O glycosyl
group; 10 R6 represents’a group of the aornula [err] wherein nis 2 or 3,
and ferr] is an anino group which may optronally be substituted; [err]
represents a D-amno acid residue or an azagl ycyl residue; and 15 Q
represents hydrogen or a |lower al kyl group or a salt thereof and a

bi odegr adabl e pol yner having a term nal carboxyl group, 2) The

sust ai ned-rel ease preparation Ecﬁerdlng to the above paragraph 1, wherein X

Is a [err] al kanoyl group ich. may opf&ddally be substltuted by a 5-
or 6- nenbered heterocycll Xam do group, 3) The sustai ned-rel ease

preparation according to the ve paragraph 2, wherein X is a [err]
al kanoyl group which may optionally be substltuted by a 25
tetrahydr gf Uryhﬁétéﬂnaasdelgr@umtda&ocyarec méapﬂed rel ease preparation

according to the above paragr rein i S ace
sust ai ned-r el eBseF re‘p%é %F oA g’&%‘bﬁ’ O?V\£: gche f‘?@“’é‘lﬁ%ve %éﬂagliapﬁ’l’ler%r ein
the bi odegradafl espel y#e3,i andOR,’ ﬁsnaﬁtamgn@f?fempawﬁganlmayr of glycollc
acid and a hydroxy carngyllc aci d of tg eneral fqrnmula_3

up

[err] wherein RPEépRBLINT DeyFubskituge Bt af%%ccmcampalﬂf (B) a
pol yl actic acidn o_giyebsylhgr@ugbalned rel ease preparatlon according to

the abov? par a%r ageprésc\e’\gtéelang%(oﬁs of e£l¥e f%ﬂﬂu a -(CHz) a~Rg’ wherein

n is 2 or 3, and Ry’ is an amino group which may
optionally be substituted; _
R; represents a D-amino acid residue or an azaglycyl
residue; and

15 Q represents hydrogen or a lower alkyl group or a salt
thereof and a biodegradableipblymer having a terminal
carboxyl group,
2) The sustained-release preparation according to the
above paragraph 1, wherein X is a C,; alkanoyl group

20 which may optionally be substituted by a 5- or 6-
membered heterocyclic carboxamido group,
3) The sustained-release preparation according to the
" above paragraph 2, wherein X is a C,, alkanoyl group
which may optionally be substituted by a

25 tetrahydrofurylcarboxamide group,
4) The sustained-release preparation according to
the above paragraph 1, wherein X is acetyl,
5) The sustained-release preparation accgrding to the
above paragraph 1, wherein the biodegradable polymer is

- 30 a mixture of (A) a copolymer of glycolic acid and a
hydroxycarboxylic acid of the general formula
R
| [II]
HOCHCOOH
35

wherein R represents an alkyl group of 2 to 8 carbon
atoms and (B) a polylactic acid,



bi odegradabl e polyner is a m xture of (A) a copolyner of glycolic acid and
a hydroxycarboxylic acid of the 5 general fornmula [I1] and (B) a
polylactic acid, 7) The sustained-rel ease preparation according to the
above paragraph 5, whereinh the copol ymer_ kps a wei ght average nol ecul ar
wei ght of about 2,000 to 50,000, as determned by GPC, 10 8) The

sust ai ned-rel ease. preparati on according to the above paragraph 5, wherein
the copol yner has a di spersion value of about 1.2 to 4.0, 9) The

sust ai ned-rel egse pm@rﬁsmmaé’&é rePArdiaEh RAIGHARTY Soo WIRS i n
t he polylactic cid has a 15 ht avera e nol.ecul ar ght of about
1,500 to 30, 00 Gy %% iiﬂ14W§WE prepar ati on

according to tkhiaﬂngnactab]agrpmtyn’ér \Mseraalmxﬁiﬁ:qowﬂl(@)t i cupalyiesr a

di spersion val t Q, ,20 Th t e ease
plr Zgarzlt [ onvach:bgfr gll_fctlﬂict h]aegiéioc?\f‘éi &M&;o&ycﬁrmﬁésus %Ed]bd%d%b% a?iabl e
pol yner |55;1<xgnnqn&& fofrmwla i [ Tk iahdan(® )glay puiliydlamtiicy ak2)d,The

he. copol ymer a5 u a LAY P IO i T o

25,000, as det @fhﬁ%@qﬁamh 3) wh%r%ttdxmm@m hasepamaight

according to thay ea&aaee:mr AN wek gt &feidbddte X000 WeIsharo@, g per sion
val ue of about to iﬁg 14) The sust ai ned-r el ease preparat|on '
according to t 1 wherein the proportion of - the

physi ol odgigal | y8)jact intee mumé@méarmms:&m tar il Wo btged on
t he bi odegradabl evpol

to the 35 a AAIRAH 5\ e (e REOIOTR: A4S, St | v pept | do
is a LHRH amnnynpenslon value of about 1.2 to 4.0,
9). The sustained-release preparation according to the -
above paragraph 5, wherein the polylactic acid has a

15 weight average molecular weight of about 1,500 to
30,000 as determined by GPC, ..
10) The sustained-release prepération according to the
above paragraph 5, wherein the polylactic' acid has a
dispersion value of about 1.2 to 4.0,

20 11) The sustained-release preparation according to the

above paragraph 1, wherein the biocdegradable polymer is

a copolymer of lactic acid and glycolic acid,-
12) The sustained-release preparation according to the
above paragraph 11, wherein the copolymer has a weight

25 average molecular weight of aboﬁt 5,000 to 25,000, as
determined by GPC, | '

13) The sustained-release preparation according to the
above paragraph 11, wherein the copolymer has a
dispersion value of about 1.2 to 4.0, .

30 14) The sustained-release preparation according to the
above paragraph 1, wherein the proportion of the
physiologically active peptide ranges from about 0.0l to
50% (w/w) based on the biodegradable polymer,

15) The sustained-release preparation according to the

35 above paragraph 1, wherein the physiologically active
peptide is a LH-RH antagonist,



16) The sustai ned-rel ease preparation according to the above paragraph 1,
wherei n the physiologically active peptide is [err] 17) The

sust ai ned-rel ease preparatjon according to the above paragraph 1, wherein

t he physiologically active peptide is [err] [err] or its acetate, 10 18)
The sustai ned-rel ease preparation accordlﬁg'to t he above paragraph 1,
wherein the physiologically active peptide is

NAcD2Nal - DACI Phe- D3Pal - Ser - Tyr- DhArg(Et2)- [err] or its acetate, 19) A

met hod of prodyci ng sust ai ned-rel ease 15 reparation which co | ses
di ssol ving a pﬁ§§ioFg§i§HF%§l FF?iﬁQBFiBEEBPg ﬁé°§eﬁ§F&FdﬁaﬂhﬁPag%ﬁ or a
salt thereof aabowebpatagraghble pheysin ithe physibdogicalllracbive/| group

in a sol vent Lab s bstantially imm scible with water and then renoving
20 sai d somgbﬁgla§0§gThe nmet hod according to the above paragraph 19,

ool o' hei o SHEORSH CoPSNYTEbac Poe (BEbAL o 0f-llnpe SORILIREL) 2] |
(B) a pol 8l act Leuabys(N25p ) -P2o)-DATANHedhottsicacetatg, t o t he above
baragraph 19, 457 ChfloXahscaRRM. redad ke BERdSRAIAR e RO KIS Ba

m xture of (A) "a copo mer o I'C ac ydroxy
the general foshove parpgan@h(gy uhpseyna@hecphwsdolgqlcalZzymtrwe nethod

according ! o | BRpRREKe{RANA Faall%c\zt’@ﬁéeb@ph&esgwﬁg@g-}ggbt s a

copol yner - of I C aC| colic acid |ng to t he
above paragrapﬁeEQLYﬁﬁNéﬁpdcﬁﬁprgééagﬁé§6¥viﬁﬁ 2¢Ret3t®degr adabl e pol ymer 35

and.the ppys. 0%99' C@hhysaetch&aeae%u@asbn pReparieibnAiceBrdlngl ket 2 al | Y
|nn1SC|b e with_ water and
above paragraph 1, wherein the physiologically active
peptide is NAcDZNal—D4C1Phe-D3Pa1-Ser-Tyr-DhArg(Etz)-
Leu-hArg(Et,)-Pro-DAlaNH, or its acetate,
19) A method of producing a sustained-release
15 preparation which comprises dissolving a
' physidlogically active peptide of the general formula
[I] or a salt thereof and a biodegradable polymer
having a terminal carboxyl group in a solvent which is
substantially immiscible with water and then removing

20 said solvent, '

20) The method according to the above paragraph 19,
wherein the biodegradable polymer is a mixture of (A) a
copolymer of glycolic acid and a hydroxycarboxylic acid
of the general formula [II] and (B) a polylactic acid,

25 21) The method according to the above paragraph 19,
wherein X is acetyl, and the biodegradable polymer is a
mixture of (A) a copolymer of glycolic acid and a
hydroxycarboxylic acid of the general formula [II] and
(B) a polylactic acid,

30 22) The method according to the above paragraph 19,
‘wherein the biodegradable polymer is a copolymer of.
lactic acid and glycolic acid,

23) A method according to the above paragraph 19,
. which comprises dissolving the biodegradable polymer

35 and the'physiologidally active peptide in a solvent
which is substantially immiscible with water and adding



7 the resulting solution to an aqueous mediumto provide an O Wenul sion,
24) A nethod of producing a sustained-rel ease preparation which conprises
di ssol ving a bi odegradable 5 pol ymer conprising a mxture of (A a

copol ynmer of glycolic acid and a hydroxyczrboxylic acid of the general
formula [err] 10 wherein R represents an al Kyl group of 2 to 8 carbon atons
and (B) a polylactic acid and a substantially water-insol uble
physi ol ogically active peptide or a salt thereof in a solvent which is

substantial ly LImLsGib W eL..a [ -Ng ~Sal vent ,
and 25) A neth%geafggggkgégt%ggﬁ%gggggé %grg P%§§g2&§32 |c%°f§#?ﬁggh
conpri ses afteandPfdWokmuadgianhi odegr adabl e pol ynmer and thesubstantially

vat er - i nsol ubl 94RePh! AgtAbaSal! pZBdaycihBche8hsth ha-zallaRe adding the
resulting solution to an aqueoug neglgn1to provide an Q W enul sion.
DETAI LED DESCRPPEPeRation-whiQhERemERisRe dBBEVVARg0As DiodsarAdatile

SpeCi ficak on 1| | a\Nﬂl&Q mnbmg A NACE& 1: £
N-Acet yl - 3-(§§%gg%§yfngE%§F 84 t IA) ymer o

ClPhe: D 3-(4-Chl,oro nyl anyl D3Pal :
D- 3- (3- Pyri dy| PAVSRYHLCNS ?ﬂﬁ-ﬁb#ﬁ?FPﬁyFa§§Px¥ 1 aeld %Si i c):
D- (I psi | on- N- nigegleraQy fplewaila Lys(Ni sp): (I psilon-Nisopropyl)lysyl
DLys(Azagl yNi c): D-[1-Aza- (N nicotinoyl)glycyl]lysyl DLys(Azagl yFur):
D-[1-Aza- (N-2-furoyl)glycyl]lys 35 Where any ot her am no acids
are exprgﬁﬁed by abbreviation%bcﬁﬁﬁogpbreviations recommended by | UPAC- |1 UB

Conmi ssi on Bi ochem cal Nonenclature &European
- wherein R represents an alkyl group of 2 to 8 carbon

atoms and (B) a polylactic acid and a substantially
water-insoluble physiologically active peptide or a
salt thereof in a solvent which is substantially
- 15 immiscible with water and then removing said solvent,
and _
25) A method according to the above paragraph 24,
which further comprises after dissolving a biodegradable polymer and
the substantially water-insoluble peptide or salt
20 thereof in the solvent - -
' adding the resulting solution to an
aqueous medium to provide an O/W emulsion.
DETAILED DESCRIPTION OF THE INVENTION
The abbreviations used in this specification have
25 the following meanings.
NAcD2Nal: N-Acetyl-D-3-(2-naphtyl)alanyl
D4ClPhe: D-3-(4-Chlorophenyl)alanyl
D3Pal: D-3-(3-Pyridyl)alanyl
NMéTyr:_N-Methylthyrosyl o
30 - DLys(Nic): D-(Ipsilon—N-nicotinoyl)lyéyl
Lys(Nisp): (Ipsilon-N-isopropyl)lysyl
DLys (AzaglyNic): D-[1-Aza-(N-
nicotinoyl)glycyl]lysyl
DLys (AzaglyFur): D-[l-Aza-(N-Z—furoyl)glycyl]lysyl
35 Where any other amino acids are expressed by
abbreviations, the abbreviations recommended by IUPAC-
IUB Commission on Biochemical Nomenclature (European




8 Journal of Biochemi stry 138, 9-37, 1984) or the abbreviations in conmon
usage in the art are used. \Were optical isonmers exist for any conpound,
the L- isoner is nmeant unless otherw se indicated. 5 In the present
i nvention, the peptide [I} shows LH RH antagonistic activity and is
effeetive for the treatnment of hornone-degendent di seases such as prostatic
cancer, prostatonegaly, endonetriosis, hysteromyoma, netrofibrom,

precoci ous puberty, nannary 10 cancer etc. or for contraception.

Referring to e eral fo t ly an acyl
group de?i vedg lﬂﬁﬁ océrh%?"tf %’e? O#P’t ;&edﬁcﬁ e%e{ up ?/ncl udeya
[err] al kanoyl al:ihrev]:.mcdnmlilmmmmnc(m ugage\igl dihexantylage [uged. 15

al kyl car banoyl I et clic
car.bonyl (e.gqg. é%h cPer‘tnroBcgar E%%’lﬁ%ﬂéd‘%%’ bfaHrFD% grou &%I“P %aégc%pt ionally
be substituted.istimemcis meanty unlessfathanvwise [iadicaiadnoyl group (e.g.,

tyl 2 t Sﬂ{;’.g
ﬁggt Zmoyl ?‘svvh:ozzﬁpl O%%p?%rp(lﬁ@e%% subsﬁ?‘%ﬁ'ed . hor ldeé]:er(gg%ﬁ
al kanoyl group I@k@:}l ammls%%m%wl%& y’rs ¢ Jy‘F?/I ’g\/n

optionally be S&E&éﬁnﬁéﬁ@%f Wdép&d@ﬁraéasﬁa&w&m derr] 25

al kyl am no group

I th I
pr opyI am no) ‘?ﬁt%lk% %’?ﬁmrggﬁ 5 T%gn%)f Y f%ﬂ‘ﬁ%%?ﬁa%gl%bet yl am no,
pr opi onyl am no)hyéteérémpgma pahéca:m)g/ibmalp mrecpcieuy.puberty, mammary

cycl ohexe%k?yl am, n er[e#.% aéi”f bc.Q&Y{ aéwr“gld&[oup (e.g., benzoyl am no),

5- 30 ereﬂ erocyc I C car group (e.g.
t et.r ahydr of uryI car bdkefexoingke d%%%?#)bx La Lt cBh® AEYE oFFouRyEr oxy !

group, Carbamyisg.éfé@erémwénga &yD: £ Qié’h.ﬁé&uﬂroxﬁ c&EbéxyEider ed
het er ocyclic grou

ri , rmr I no 3 ubstituents are
preferably 5- cac¥d ﬂen&ques of the gcy gup J.ncluée a 82_7

alkanoyl, C;.;s cycloalkenoyl (e.g., cyclohexenoyl), C,.

15 alkylcarbamoyl (e.g., ethyl carbamoyl), 5- or 6-
membered heterocyclic carbonyl (e.g.
piperidinocarbonyl) and carbamoyl group which may
optionally be substituted. The acyl group is
preferably a C,; alkanoyl group (e.g., acetyl,

20 propionyl,'butyryl, isobutyryl, pentanoyl, hexanoyl or
heptanoyl) which may optionally be substituted, more
preferably C,., alkanoyl group (e.g., acetyl, propionyl,
butyryl, isobutyryl) which may optionally be
substituted. The substituents are for example C,

25 alkylamino group (e.g., methylamino, ethylamino,
diethylamino, propylamino), C;; alkahoyl amino group
(é.g., formylamino, acetylamino, propionylamino), Cj.is
cycloalkenoyl amino group (e.9.., cyclohexeqoylamino),
C;.;5 arylcarbonyl-amino group (e.g.., benzoyiamino), 5-

30 or 6-membered heterocyclic carboxamido group (e.g..,
tetrahydrofurylcarboxamido, pyridylcarboxamido,
furylcarboxamido), hydroxyl group, carbamoyl group,
formyl group, carboxyl group, 5- or 6-membered
heterocyclic group (e.g., pyridyl, morpholino). The

35 substituents are preferably 5- or 6-membered
heterocyclic carboxamido group (e.g.,tetrahydrofurylearboxamido



het er ocycl i ¢ carboxam do group (e.g., tetrahydrofuryl carboxam do 9

t et rahydrof uryl car boxam do, pyridyl carboxam do, furylcarboxamdo. X is

preferably a [err] al kanoyl group which may optionally be substituted by a

5- or 6-nenbered heterocyclic carboxam do ggroup. 5 X is nore preferably

a Ferr] al kanoyl group which may opti.onally be substituted by a

tetrahydrof uryl carboxam do group. Specific exanples of X are acetyl,

[err] (tetrahydrofuryl carboxam doacetyl) 10 and so on. The aromatic

gycl i czgr ouE [eﬁét]raaidx{oeﬁﬁﬁlcambxf‘amdhoexw@aelmbaﬁuﬁaen&w’ QIMBiﬁﬁQBO:Jp of
to 12 carbon atons Exa the aro c cyclic gro re phen

naphthyl, anthryl arfd fe?ﬁa&@rae F2err @ nﬁ'&‘@ Qiarg&?é’gﬁ % l"'@pgroﬁps of

6 to 10 carbon éﬁﬁf&aﬂ%m@%xﬂiﬁmu@w B2Rh Y lor Thasdnieemt i ¢ cyclic

groups nmay each have ref erab 1 to 3, suitable substituents in

appropri ate poﬁqq?ﬁ%cm’t%é:% EAAR Y t uent s i ncl ude hydroxyl ,
hal ogen, 2 agn 1Ot nid o o vyd p STy talt ed,aalkandkoxgron wion may

Preferred are hydrox al.ogen .a d a ri azaol substituted am no. The
hal ogens nent i #%ELM l?ﬁq lftr'{r?tﬁ‘fh@' %‘?‘TW‘P and i odi ne.

25 . 1Tma¢§nhuiamﬁduﬂg&ou@m ety of said ami notriazolyl- substituted
am no i ncl udes, 5-vyl,

5-am no- |1 H 1, 3, 4 tr| eé%@legﬁa%#m%%éééﬁ'zol 3-yl,

3-am no-2H 1,2, 4-tgpzol- 5-yl, 4-amno-1H 1,2, 3-triazol -5-yl,

4-anino-2H 1,2, 3- 3G, CQNH%@Q-Myletmayggoﬁryiﬁérmd@a&ﬁml@
preferablf/0 an %A@)goqg up of 1 to 6 carbon atons (e.g. nethoxy, ethoxy,
pr opoxy, T sopropoxy, but oxy, | sobut oxy, etc.).

: The aromatic cycl:.c group R1 ¢+ R, or R, may for

example be an aromatic cyclic group of 6 to 12 carbon
atoms. Examples of the aromatic cyclic group are
phenyl, naphthyl, anthryl and so on. Preferred are

15 aromatic cyclic groups of 6.to 10 carbon atoms, such as

' phenyl and naphthyl. These aromatic cyclic groups may
each have 1 to 5, preferably 1 to 3, suitable
substituerits in appropriate positions on the ring.
Such substituents include hydfoxyl, halogen,

20 aminotriazolyl-substituted amino, alkoxy and so on.

- Preferred are hydroxy, halogen and aminotriazolyl-
substituted amino.
The halogens mentioned abqve include. fluorine,
chlorine, bromine and iodine.

25 The aminotriazolyl moiety of said aminotriazolyl-
substituted amino includes, among others, 3-amino-1H-
1,2,4-triazol-5-yl, 5-amino-1H-1,3,4-triazol-2-yl, 5-
amino-1H-1,2,4-triazol-3-yl, 3-amino-2H-1,2,4-triazol-
5-yl, 4-amino-1H-1,2,3-triazol-5-yi, 4-amino-2H-1,2,3-

30 triazol-5-yl and so on. |

The alkoxy group is preferably an alkoxy group of
1 to 6 carbon atoms (e.g. methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, etc.). '
'~ More preferably, R, is naphthyl or halophenyl.
35 More preferably, R, is halophenyl. More preferably, R,



More preferably, [err] is naphthyl or hal ophenyl. 35 Mor e preferably,
[err]}=is hal ophenyl. Mre preferably, [err] 10 is hydroxyphenyl or

am notri azol yl am no- substiguted phenyl. The D-amino acid residue R3 is
preferably an [err] ami no acid residue of 3 to 12 carbon atoms. Exanples 5
of the amino acid are |eucine, .isoleucimd0 morleucine, valine, norvaline,
2-am nobutyric acid, phenylal ani ne, serine, threonine, nethionine, alanine,
t rypt ophan and aninoisobutyric acid. These am no acids may have suitable
protective groy tec |ve used conventionally in the
art, such as tlgu?§é1°¥ %y, %ﬂ g?fé?58%¥£?méF8 ~$ubgRLERERE; ocyclic
group [err] inphengs.5- or 6- nenbered het erocyclic groups each containing
1to 2 nitrogen or far t optional |y
be fused to a benze %ér#nﬁmgggecfﬁ % %‘ Pﬁ? enylg%é/gryrao % z%hc?aéol yl,
|soth|azolyl aminazatjd, regiduel ¢f, 3py0|ﬂglca3bpgrad9ms pyExdmpilesl ,

i m di .3-b h dol yl ,
Dol y1 3 | soPhaehg anipp §E8! S56"LE0E np BELELLAe) U TBKELnb] LY
benzot hi azol yl vallunaolgbx:vaibnequzﬁom;mgbut:r:rmagcm.rrpheny&edanine.
particul arly pé&flﬁs”eﬂréaﬁfhfs ﬂét%f&ﬁ nb$ RIAhQME gﬁghspaahbkh ienyl.

The aromatic c §rou Sane as IC cyc
group [err]. Th@laﬁéﬁﬁPP Yé&@l?@lQS Th@?ﬁuﬁmhﬁ9 ﬂﬁ@@slmﬁﬁ Bavﬁreferably 1
to 3, suitabl eggypabié Uﬁﬂéﬁebﬂlaépéﬁ@ﬁpét etRaspibeaetve! BeoupBiuséhe

substituents nag al so. b i m | ar o t he subsﬁltuent tioned for [err] or
[err]. ThE parEPRY ?ﬁFF?nS LYeFPeH eudttrt 8BR n$HBYEFa§6EVF°§Ubst|tuted

am no. 30 t-butbrygaybonyl , QEﬁUp%tor O glycosyl [err] is preferably a
hexose or a derl.vatﬁé h%_gaggéyd'lﬂg %gseR;nciAJgféng%ucgée D-fruct ose,

D mannose, D- gal act
membered heterocyclic groups each containing 1 to 2

nitrogen or sulfur atomsas hetero-atoms, which may
15 optionally be fused to a benzene ring. Specifically,

thienyl, pyrrolyl, thiazolyl, isothiazolyl, imidazolyl,
pyrazolyl, pyridyl, 3-pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, 3-benzo[b]thienyl, 3-benzo[b]-
3-thienyl, indolyl, 2-indolyl, isoindolyl, lH-inda-

20 zolyl, benzoimidazolyl, benzothiazolyl, quinolyl, iso-
quinolyl, etc. may be mentioned. The particularly pre-
ferred species of Ry’ is pyridyl or 3-benzo{b]thienyl.

'~ The aromatic cyclic group Rs may be the same as the
- . aromatic cyclic group R,, R, or R,. The aromatic cyclic
' 25 group may have 1 to 5, preferably 1 to 3, suitable
substituents in appropriate positions on the ring. The
substituents may also be similar to the substituents
mentioned for R,, R; or R;,. The particularlygpreferred
substituent Ls amlnotriazolyl-substztuted amino.’

30 - The glycosyl group for O-glycosyl R; is preferably'
a hexose or a derivative thereof. The hexose includes
D-glucose, D-fructose, D-mannose, D-galactose, L-
galactose and so on. As said derivative, deoxy sugars
(L- and D-fucose, D-quinovose, L-rhamnose, etc.) and

35 amino sugérs (D~glucosamine, D-galactosamine, etc.) can
be mentioned. More preferred are deoxy sugars (L- and



gal actose and so on. As said derivative, deoxy sugars (L- and D fucose,

D- qui:novose, L-rhamose, etc.) and 35 am no sugars (D gl ucosam ne,
D-gal act osami ne, etc.) can be nentioned. Mre preferred are deoxy sugars
(L- and D-fucose, D qui‘novose, L-rhamose, etc.). Still nore preferred

I s L¥rhammose. The substituent on the am 1d group which nmay optionally be
substituted, [err], includes, anong others, 5 acyl, carbanoyl, carbazoyl
whi ch nmay be substituted by acyl or am dino which nay be nono- or

di -substituted by al kyl. The above-nentioned acyl and the acyl for the
above- ment i onedPtERERS®y | DvEREROYRSE bl sERRARRPSR edeBG- 10 Sthid| mere| ude

ni coti noyl , furgwéfefhg@oyé BoehSnese. The al kyl noiety of the nono- or
di - al kyl am di no nent i oned .above i ncl udes strajﬁat-chain orFﬁranched al kyl

groups of 1 to 4 carPon SUBRELCUPRE PMcHRRI HELER: FHPUP YRIFR BR¥pyI |
isoFropyg, PEt¥6pticm®blylbessm?sﬂftutﬁmutKyﬁamhﬁfﬂdeduﬂaﬁ?ﬁgﬂbﬁ?eﬁﬁy The
preferre yl nmojety is nethyl or et . .JJhe substjtuent for t an no
gr oup mhicﬁ nayaS%ifo ??m%%f5u%§¥??%ﬁ%%,w?%$?]?aYn%?uﬁEESE+E9Fe§nBY
am di no whi ch nagybeopoamidino divhbelhshay ubedmbyoal &yl di<2fubstitutedhby
above- nenti oned ?%§¥I and the al kyl of the nono- or dial kylam dino

ud

menti oned above® e those al kyl groups nentioned for [err]. The D-am no

acid residue [err] iTherabevesnenticnednacylaand theiacplofos the9 carbon
atons, such as [poda-menfidf¥l: ¢ #558%%1Wﬁ&¥ﬂ'ﬁ%¥ EE'§€%§E§¥L8ed bX'
eferr anfno acid residues of 3 to

D- phenyl al anyl and_so on. Mre pre are D
6 carbon h@ons,agYithinglede aigetimoyhy yfureyl sothanoyheandr 80pPRterred

species of [err] is Bhal Ayl MbLetPVSf €h&Yhol6OUSr QifBY1RQ1EMEd2hEY!
aroup 30 deflned, LoLal Shhbs 1d0F.d05" BEE ShE SdnaPE b bEhaShEd Y
alkyl groups of 1 to 4 carbon atoms, thus including
methyl, ethyl} propyl, isopropyl, butYl, isobutyl, sec-
15 butyl and tert-butyl and so on. The preferred alkyl moiety is
| methyl or ethyl. T
The substituent for the amino group which may
optionally_ be substituted, R¢’, includes alkyl and amidino which
may be mono- or di-substituted by alkyl. '
20 The above-mentioned alkyl and the alkyl of the
mono- or dialkylamidino mentioned above include those
alkyl groups mentioned for R;’.
The D-amino acid residue R; is preferably a D-
- amino acid residue of 3 to 9 carbon atoms, such as D-
25 alanyl, D-leucyl, D;valyl, D-isoleucyl, D-phenylalanyl
and so on. More preferred are D-amino acid residues of
3 to 6 carbon atoms, such as D-alanyl, D-valyl and so
on. The more preferred species of R; is D-alanyl.
The lower alkyl group Q may be the aliyl group
30 defined for Rs’. The most preferred species of Q is
methyl. | |
Specific examples of R, are

Specific examples of R, are

35



Specific exanples of [err] are [err] 35 Specific exanples of R2 are - 12
- [err] and so on. Specific exanples of [err] are [err] 10

Specific exanples of [err] are [err] 15 Specific exanples of [err] are
[err] 13 Specific exanples of [err] are [err] and so on. 10

Speckfic exanples of [err] are [err] 15 - When the peptide [I] has
one or nore asymetric carbon aton(s), there are two or nore stereoisoners.
Any of such steroisonmers as well as a mxture thereof is within the scope
of the present invention. The peptide of general forrmula [I] is produced by
20 the per se known proce . Typical specific processes are described
in USP No. 5110904. The peprzégijM canapd goedni.n the formof a salt,
preferably a pharmacol ogi cal 'y acceptabl e salt. \Wiere the peptide has basic
groups such as amno, the salt 25 includes salts with inorganic acids
(e.g. hydrochloric &Prelifig ep#amplesi @f Rst3¥® acid, etc.) or ‘organic acids
(e.q. cargonic aci d, hydrogen carboni c acid,

CHz‘Q ca,.@@

-NH-éH-CO- : ’ Nl (I:H- 0 and so on._
(D) (D) '
10 Specific examples of R, are

. ' an
-@-OH . -@—NH@ andT so on.
i _

15
Specific examples of Rs-are
~(CH,) 2~ 7 N\ - - ~NH-
-(CH)s Nnco-CN\ ’ (CBa) 3 -NE~CO-NE-NE-CO- )
20 |
~(CH1) s-NE~CO-NE-NE-C0~ \? ~(CHz) s-NHa,
3 © =(CHg);-NE-CO-NE, ~(CH,) 3-NH-CO-NHy |
25
NC4H s
1
~(CHl2) s~NE-C-NE-C.H ,
30
NH,
_ -@—NH—< and so on.
35 —N :




succi ni ¢ aci d,

acetic acid, propionic acid, trifluoro- acetic acid, et

Where the peptide has acidic 30 groups such as carboxyl, salts with
i norgani c bases (e.g. alkali nmetals such as sodium potassium etc. an

al kaline earth

nmetal s such as cal cium oDaggesium etc.) or organic bas

c.).

d
es

(e.gs organic amnes such as triethylam ne and basic am no acids such as

arginine). 35
conmpound (e.qg.

The peptide [I] may be in the formof a netal conplex
copper conpl ex, zinc conplex, etc.). 14 The preferre

salts of peptide [|]specifid tekxamplesolcfaRscazei ds (e.g. carbonic acid,
hydr ogen carbonic acid, succinic acid, acetic acid, propionic acid,
trifluoroacetic acid, etc.). The nosigpreferred is §he 5 acet ate.

Parti cul arl referred s L 8S \faf %ide [ It .are as foll ows.
Qi Paeg R o [ oapt g

[err] [err] or

its acetat [err] s'acetate (3)

[err] or its acetate (4) [err] 15 %%ﬁr] or its acetate (5) [err] [e

or its acégate

In the sustained-rel ease preparation, the proportion of

peptide [I] may vary with the type of 20 pepti de, the expected
ef fect and duratidF’, effect, anmong other factors, and may
range from about 0.01 to al{0Hd);BEIC-{ECells based on the bi odegradabl e

phar macol ogi cal

polynmer. The preferred range is about 0.1 to aboutart)%d vény) and

10

d

(1)
[err]
rr
t he

_ a nore
preferred range is 25 about 1 to about 30% (wW w).
Specific examples of R; are
s o
-NH‘&%I){-CO— ' ~NE-§-C0- and so on.

15

20

25

When the peptide [I] has one or more asymmetric
carbon atom(s), there are two or more stereoisomers.
Any of such steroisomers as well as a mixture thereof
is within the scope of the present invention.

The peptide of general formula [I] is produced by
the per se known processes. Typical specific processes
are described in USP No. 5110904. _

The peptide [I] can be used in the form of a salt,
preferably a pharmacologicélly acceptable salt. Where
the peptide has basic groups such as amino, the salt
includes salts with inorganic acids (e.g. hydrochloric
acid, sulfuric acid, nitric acid, etc.) or organic

'~ acids (e.g. carbonic acid, hydrogen carbonic acid,

30

35

succinic acid, acetic acid, propionic acid, trifluoro-
acetic acid, etc.). Where the peptide has.acidic
groups such as carboxyl, salts with inorganic bases
(e.g. alkali metals such as sodium, potassium, etc. and
alkaline earth metals such as calcium, magnesium, etc.)
or drganic bases (é.g. organic amines such as
triethylamine and basic amino acids such as arginine).

. The peptide {I] may be in the form of a metal complex -

compound {(e.g. copper complex, zinc complex, etc.).



The bi odegradabl e pol yner having a term nal carboxyl group is now

descr.i bed. A bi odegradabl e pol yner, about 1 to 3 g, was dis- solved in a

m xture of acetone (25 m) and net hanol (5 30 m ) and using
phenol pht hal ein as the indicator, the car pgxyl groups in the solution were
quickly titrated with 0.05N alcoholic'potassiun1hydroxide sol uti on under
stirring at roomtenperature [err]. The nunber average nol ecul ar wei ght by
~end-group determ nation was-35 t hen cal cul ated by nmeans of the follow ng
equati on. Nunbefher\ffeferred el ofigptide T grmeipsaltsetieth nation =

20000 x A/ B where_ Aisthe ss, of bIOd adable ol mount of
0. O5N al cohol i coﬁﬁﬁrgs%l %Oq,emg a& 1r“-br‘P' }ﬁ{oﬁ% %€ﬁ$§*%
titration end- m@id, succinic acik, raamttic cafc:tdye pztnpne:med: agidjon is
referred to as I r L9 i

det erm nati on. %‘%ﬁcﬁlust%%ﬂnﬁ%aﬁl n\sﬁ{@ a% ng & sfeffhn? nal
car boxyl d¥oup mmﬂhem zed fromone or nore 10 [err] aci ds by the
non-catal ytic dehydr W& UL SSF i g €rt he
nunber aver age nol ecﬁ%%ﬁr/ wel end- gr o(tjér}: determ na i%ﬁii sag?)*or oxi mately
equal to the nuffbkk axeraget %i ar wei ght found by GPC. In contrast, in
the case of a 1f) xm&mnﬁlsmmﬂmmﬂmrs&rmmumémﬁc;emmnal

carboxyl groups as nt hesi I|c di by the ring-opening

pol ymeri zati on Ip‘f @‘iﬁ%" %‘ %@g rg‘ﬁ:&rrber aver age nol-ecul ar

wei ght byltlyénd-I umm@a:)mxmcmhemmait-asemmmém{js ]g?mglmsc)eo

aver age nol ecu i Q s difference, a

pol yner havi ng ﬁe‘f\gﬁ:ﬁq% %h%&ﬁa%@m%fa&%e %écétéley di scrim nated from

a pol yner havi ng3yo NA¢DINel -D4CIPheyd DIPaLFSed+NMeTYheDLYs (Azag byltyr pdabl e
polyrer having g Lera) (Lo SRR bA IR or 1eb°Wetate

(4) (L comcH,COD2Nal-D4C1Phe-D3Pal-Ser-NMeTyr-
15 DLys(Nic)-Leu-Lys(Nisp)-Pro4DAlaNHh or its acetate
(5) NAcD2Nal-D4ClPhe-D3Pal-Ser-Tyr-DhArg(Et,)-Leu~
hArg(Et,)-Pro-DAlaNH, or its acetate
In the sustained-release preparation, the
proportion of the peptide [I] may vary with the type of
20 peptide, the expected pharmacological effect and
duration of effect, among other factors, and may range
from about 0.01 to about 50% (w/w) based on the
biodegradable polymer. The preferred range is about
0.1 to about 40% (w/w) and ' a more preferred range is
25 about 1 to about 30% (w/w). -
The biodegradable polymer having a terminal
carboxyl'group is now described.
A biodegradable polymer, about 1 to 3 g, was dis-
solved in a mixture of acetone (25 ml) and methanol (5
30 :ml) and using phenolphthalein as the indicator, the
carboxyl groups in the solution were quickly titrated
with 0.05N alcocholic potassium hydroxide solution under
stirring at room temperature (20°C). The number
average molecular weight by end-group determination was
35 then calculated by means of the following equation.
Number average molecular weight by end-group



25

-herein t

o nmean a bi odegradabl e pol yner show ng a subst anti al

agreenent between the nunber average nol ecul ar wei ght by GPC determ nation

and the nunber average nDLecuIar wei ght by end-group determ nation.

Wher eas

t he nunber average nol ecular wei ght by 3015 -end-group determination is an
t he nunber average nol ecul ar wei ght by GPC determination is
a relative value which varies according to analytical and procedural

absolFut e val ue,

conditions (such as types of nobile phase and col um,

ref erence subst ance,

sel ected slice 35 deteminatiacteRUHYEI% d/Betc.). Therefore, the two

However, the t

val ues cannot %&@%Méhﬁyr é)ﬁi Ble bol j zation.
erm’ substanti agcfdezar%é%t éiaween%% nunb(ai aver age

mol ecul ar wei ght by Bsitthetangutatafh P LN tade RRE 0| ecul ar

wei ght by end- Q{f&ﬁm@@aml&f\ added ﬂ&@eawnh&-r t2tratidy @hagsoint.

nmol ecul ar wei ght fou b d- grou eterm natj o about 0.4 to tlnes
nore prefetably abod’f %Fst‘gl frﬁ%%e ahgte Fﬁ%‘fﬁrﬁﬂﬁﬁpﬁﬂﬁjtrﬁf%‘?’f 1*9
the nunbes the rmobed| Drsrtafe. o Xddular Gréigliet oyriewd+qiroup The term

tInES

" by far greater

nol ec

subst

ul ar wei gh

antial 15

as useq:above 10 nmeans that the nunber average

reene € nuirper_aver al

GPC det erk nat |<!n'h xhaaidshdy aﬂ@ AR TRA I C r%i'y-"-‘é?lop

det er
term
wel |

[err]

m nati on.

nal carbo

as m xtur
hydr oxy
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- 30

35

éifn Sesdticn &5 £ érhee raﬁ?@'xﬁuﬂ%ﬂf@hf&déng a
X gr ou

can nmenti ope ners and, copol yners,
é§° et WW*&‘F\ ee%%ﬂ

asppboifmateg&y@@&ar fﬁﬂthelﬁuﬁhéréﬂﬁékage molecular
weight found by GPC. In contrast, in the case of a
polymer substantially not containing free terminal
carboxyl groups as synthesized from a cyclic dimer by
the ring-opening polymerization process and using
catalysts, the number average molecular weight by end-
group determination is by far greater than the number
average molecular weight by GPC determination. By this

difference, a polymer having a terminal carboxyl group
'can be clearly discriminated from a polymer having no

terminal carboxyl group. Thus, the term ’'biodegradable
polymer having a terminal carboxyl group’ is used
herein to mean a biodegradable.polyme: showing a
substantial agreement between the number average
molecular weight by GPC determination and the number
average molecular weight by end;group determination.

Whereas the number average molecular weight by
end-group determination is an absolute value, the
number average molecular weight by GPC determination is
a relative value which varies according to analytical
and prdcedural'conditiohs (such as types of mobile
phase and column, reference substance, selected slice
width, selected baseline, etc.). Therefore, the two
values cannot be numerically correlated by

q EﬁFQﬁﬁF kﬁ?ﬂm)detern1nat|on I s about twice or greater than
the nunber average iy emy of viElgiatiaticRG duleind rﬂith)'kymait‘uehmrm@ra ed

pol ymer for thet@ﬂﬁﬂpgf nﬁﬂ‘%&é{iﬂ Agw é}ﬂé]siée@ ;?{ ar V\B%t b

y

as

FPR1%0r e species of



hydr oxybutyric acid, etc.), hydroxydi carboxylic acids (e.g. malic acid
etc. ), hydroxytricarboxylic acids 25 ~ (e.g. citric acid etc.), etc. by
the non-catal ytic dehydrative polycondensation reaction, [err] cyanoacrylic
esters, polyamno acids (€.g. poly-y- hemgylzL-glutamc acid etc.), maleic
anhydride copoly- nmers (e.g. styrene-nmaleic acid copolynmer etc.) and so 30
on. The node of polynerlzatlon may be random block or graft. Were any of
t he above-nentioned [err] acids, hydroxydi carboxylic acids and

hydroxytricar bgénérameadsohas HBwéﬁérGai:héCtemtYSﬁﬁstant&aﬂ.er within the
nol ecul e, any of _t

bi odegr adabl e ﬁgFﬁﬁ@FnﬁavbﬁﬁwgePDkﬂF %ggvggaggpﬁ§x§gu%95fe §§P§ a
b|ogegrgdabLedbylgﬂérde@epmnaangoa ﬂndtuhe nﬁmbﬁ; avevpgeymedegulgirycol ic
acid and a r

wherein R regrggéﬁpg gﬁxﬁbbcﬁé g agt%gglﬁﬁﬂgb m%gﬁsa%§%§ugn§[?h&be&0
pol yl acti & aci avesages meégpula@|uelghycépuedabwdeaépsmyﬁik Referring to

the general foag%h%m&hhkaohh&ssabah&hb ahgbn 20k 1hed)Cheder Piutedadily of 2
to 8 carbon 15 at as .represented by R, i ncl_udes, inter aI|a ethyl

propyl , |soprop?b°u$upy5 tPs@bGﬂ?PSrSESSEuPFF eFéPAYbGP?Pt Heﬁtﬁp
|sgpent| LT A e T MY S agbuty
20 Pr ef er r eHOtEFBABALIOR: o b ?ﬁ&thPYbﬁaana §hgﬁgg%§F%yF? g ¥o
5 carbonletonsmeSpscthacathp,nﬁmbpb ayerage, modegudpy! welight ban@ndbobutyl
ar? preferred oh% ﬁ%%%x&ﬁ%%% %g!¥595@$ht twice or greater than the
| number average molecular weight by GPC determination.
The preferred polymer for the purpose of the
present invention is a polymer showing a substantial
15 agreement between the number average molecular weight
by GPC determination and the number average molecular
weight by end-group determination. ,
As specific examples of the biodegradable polymer
having a terminal carboxyl group can be mentioned
20 polymers and copolymers, as well as mixtures thereof,
which are synthesized from one or more species of o-
‘hydroxy acids (e.g. glycolic acid, lactic acid,
hydroxybutyric acid, etc.), hydrbxydicarboxylic acids
(e.g. malic acid etc.), hydroxytricarboxylic acids
25 (e.g. citric acid etc.), etc. by the non-catalytic
dehydrative polycondensation reaction, poly-a-
cyanoacrylic esters, polyamino acids (e.g. poly-y-
benzyl-L-glutamic acid etc.), maleic anhydride copoly-
mers (e.g. styrene-maleic acid copolymer etc.) and so
30 on. ' '
The mode of polymerization may be random, block or
graft. Where any of the above-mentioned a~hydroxy
acids, hydroxydicarboxylic acids and
hydroxytricarboxylic acids has an optical activity
35 center within the molecule, any of the D-, L- and DL-
forms can be employed.



The hydroxycarboxylic acid of the general fornula 25 [11] includes,
i nter falia, 2-hydroxybutyric acid, 2- hydroxyvaleric acid,

2- hydr oxy- 3-net hyl butyric acid, 2- hydroxycaproic acid, 2-hydroxyisocaproic
acid and 2- hydroxycapric acid. Preferred zre 2- hydr oxybutyric acid, :
2- hydroxyval eri c aci d, 2-hydroxy-3-neth?|b tyric 30 acid and

2- hydroxycaproic acid. The hydroxycarboxylic acid of the general formula
[11] is nost preferably 2- hydroxybutyric acid. Wile these

hydr oxycar boxylic a anﬁ f S Rr D, unds, the |
D-/L-ratio (nol 0/() |GIIs pre ee%a%%l% I?tg nge I&Viq‘%u /25 through
about 25/75. ‘Fachexyd gnoum rléd preferaidit & Pigdegnagalle rodymear aci d

with a D-/L-raldemgri¥iny) avinikvhrd @£ 3R9e Ofcopymdi0/s®0 41 é&&g{b about
40/ 60. The nost 18 pr%[erred IS.a ﬁﬁ oxfcar boxyl.i ¢ aci EY

D/L-ratio (oA @chian quaﬁﬁ‘gb@ﬁ ol £f t%&ﬁﬁ‘ t 45/ 55.
Referringsto tifomra@ yner of glycolic acid and 5 sai d hydroxycarboxylic

acid of the general formula [I1]. (hereinafter referred to as glycolic acid
copolynmer), the node of copoly i zation may be ri m bl ock or graft.
Preferred are randon1copolyne&ﬁg?%ﬁgnpydroxycarbo aci ds of the general
formula 10 [11] can be use or conbi nati on. The
preferred proportions of glycolic acid and hydroxycarboxylic acid [II] in
sai d g!yd&i(:tharaynmﬁ}FﬁﬂrQ$$ﬁ%i@mab@hYlugnanﬂQﬁHZ'MbrﬁﬂqaﬁbQﬁ
glycol i ¢ acld adalar| @)E Yol PHALCHIGY L ol Jacr i igkiqMore
desirably, the copolyner c nS| ts“of about 20 to about % of
gl-ycolic acid SyaHd s 1W98¥bxycarboxyllc acid. Mst desirably,
t he copol yner consi Stéféifrﬁhplﬂo 4hd getural Rmﬁ {onf ,9|ﬁlfé)| ic acid and
the bal ance of JMAIRCMDIYd:° 1incned sy ol Yingtepe et
15 atoms, as represented by R, includes, inter alia,

ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, isopentyl, neopentyl, tert-pentyl,
1-ethylpropyl, hexyl, isohexyl, 1,l-dimethylbutyl, 2,2-
dimethylbutyl, 3,3-dimethylbutyl and 2-ethylbutyl.

20 Preferred, among them, are straight-chain or branched
alkyls of 2 to 5 carbon atoms. Specifically, ethyl,
propyl, isopropyl, butyl and isobutyl are preferred. R
is most preferably ethyl. -

' The hydroxycarboxylic acid of the general formula

25 [II] includes, inter alia, 2-hydroxybutyric acid, 2-
hydroxyvaleric acid, 2-hydroxy-3-methylbutyric acid, 2-
hydroxycaproic acid, 2-hydroxyisocaproic acid and 2-
hydroxycapric acid. Preferred are 2-hydroxybutyric
acid, 2-hydroxyvaléric acid, 2-hydroxy-3-methylbutyric

30 acid and 2-hydroxycaproic acid. The hydroxycarboxylic
acid of the general formula [II] is most preferably 2-
hydroxybutyric acid. While these hydroxycarboxylic
acids may be any of the D-, L- and D,L-compounds, the
D-~/L-ratio (mol %) is preferably in the range of about

35 75/25 through about 25/75. The more preferred embodiment isa
hydroxyéarboxylic acid with a D-/L-ratio (mol %) within
the range of about 60/40 through about 40/60. The most



gl ycolic acid copol ymer may range from about 2,000 to about 50, 000. The
preferred range is about 3,000 to about 40,000. The nore preferred range

i s about 8,000 to about 30000. The dispersion val ue (wei ght average 25

mol ecul ar wei ght/ nunber average nol ecul ar ygeight) is preferably in the
range of about 1.2 to about 4.0. Particularly preferred are copolynmers with
di spersion values in the range of about 1.5 to about 3.5. The glycolic acid
copol ymer (A) can be synthesized 30 by the known technol ogy, for exanple
by the process ggsgéirbsd ig dauﬁ)fmﬁ@eyéawbﬁpm e 2 twilp| & CBt /Doratio

28521/ 1986 f Pol y] d_f h
may be mhlcﬁgsgt éfa% %ﬁﬁpﬁécgﬁ%é%%HECI use§$8$% €E£r65$2%?ln¥ent|on

Preferred is a 49£8%5es with a.-D-/L-ratio (nDIe % in the range of about

;gfiﬁaéP{guggigbﬁgta%%ﬁ%35€$489?h?%%g%géﬁ%ﬁ@gg5§é Slﬁ%é#ﬁég%égﬁsa #agZ%ugf

D/L-ratio SnDIes&@dohy@mﬁa?earbcxpkld aSLQb@ﬁttﬁélgenenabughmmnb&t[25]75

The wei ght 5 e t t c erably
in the range of ?gﬁfgg% EH% out g% %% r%fgrégééa o2 o%? 2,000 to
about 20, 000 anuhgtmvﬁenefecgp@lmamyaﬁmtmwobe F3ndemut hac]eo'er The

di spersi on vaIugrgftpolyfggéfgeacagel§aﬂagﬁeé@§b gf 10 1.2 to about

4.0 and nore deSirabl oyt 1.5 to abpout 3.5. Polylactic_aci b

Synt hesi 7ed by two. KRR FeRFCRFSeRpl Lt S5ids RETERS 4nREeE E0PRRER i g

a _rijng-gpsoi ng P!Di[ynéahzhéiﬂﬂedfalm‘iéldt which is a d| mecombinatbénl actic

acid and a process i h I o] o] tic acid.

For the production o?xg é%gg?gfgﬁcggé§é£¥$oggnpgrggveaﬁiél%ﬁ?ﬁn @@ular

wei ght for use hydrbnypaebenylmveqidohlIﬂhgnpsasdsglyqobimngld
copolymer (A) are about 10 to about 75 mole % of

glycolic acid and the balance of hydroxycarboxylic

15  acid. More desirably, the copdlymer consists of about
| 20 to about 75 mole % of glycolic acid and the balance
of hydroxycarboxylic'acid. Most desirably, the

copolymer consists of about 40 to about 70 mole % of
glycolic dcid and the balance of hydroxycarboxylic
20 acid. The weight average molecular weight of said
glycolic acid copolymer may range from about 2,000 to
about 50,000. The preferred range is about 3,000 to
about 40,000. The more preferred range is about 8,000
to about 30000. The dispersion value (weight average
25 molecular weight/number averagé molecular weight) is
preferably in the range of about 1.2 to about 4.0.
Particularly preferred are copolymers with dispersion
values in the range of about 1.5 to about 3.5.
The glycolic acid copolymer (A) can be syntheszzed
30 by the known technology, for example by the process
described in Japanese laid-open patent application
28521/1986 specification. '
Polylactié acid for use in the present invention
may be whichever of L- and D-compounds and any mixture
35 thereof. Preferred is a species with a D-/L-ratio
(mole %) in the range of about 75/25 through about



a direct dehydrative polycondensation of lactic acid is 20 - preferred.
ThIS .process is described in, for exanple, Japanese | ai d-open patent
application 28521/ 1986. In t he pharmaceutical base for use in the present
i nvention, the glycolic aci d copol yrer (A%Bfnd polylactic acid (B) are used
in an (A)/(B) ratio (by 25 wei ght) of” atout 10/ 90 through about 90/ 10.
The preferred blend ratio is about 20/80 through about 80/20. The nost
desirable ratio is about 30/70 through about 70/30. If the proportion of

ei t he A) o [ a repa kan ga dr 30
relea;e(p;tt;rggké?ﬁ ?h% #gere FSF%gggéhg ?B %3%%80 ﬁ%lneaqu A;gor
(B) al one is uspelyimgticsacddsig ahgutlﬁeéﬁOréhyquhpabpéanﬁd7§ Iate

stage of releas | 1] m baseq¢a
bt ai ned. | The denealarroqiaaeaashe ByLhrhksor (ple 5 0t PRy 1R LS,

copol yner and p8Fjfaési abautd 394ty Egﬁgpﬁérébpytwﬂﬁﬁ7§hel&hﬁDWEé9P§r
vei ghts ang av%QageCﬁﬁn@%hthnwE!ﬂE;hﬁeBQF pbL 1&9@@@ Beids h.@ce the

deconpo- sition an natiop rates of co co r,.ar
rel atively hi ghBFe Fﬁébg& tSF Fapgesetc 3§°H§ 3vgﬁ8n§8dgg? @Pe&?Png t he
mol ecul ar wei ghinok prefemabillyaabbatai, 000r tocdboutg 20,000/ and saiild

A/ (B). Conver e S 0 ned reduci ng
Ehé gn?ecular w@ﬁ&étpgg%quhﬁglgggggc?dbgﬁ ?ﬁg?égg%nig EbG(A)F§§% bl end g
r at i 0. Furt her ndiepewxisdonuraliuen off perdydacticapcid aéj predersplyhabguty t he

Speﬁpes on helat hbeu%mu it ?ah H%%O&lé%%ﬁ:%l&' hﬁoﬁ%‘ q.8f tge ARl

fornula [ én a copol ymer of lactic aci glycolic acid is used as
t he blodegradabBe pol ymer, its polynerization ratio (lactic acid/glycolic

acid) (mole 15 % Pbigﬂh@:ft&bahbldaéaht beoﬁgﬂth@silﬁéut 40460 knbim nore

preferred ratio |s about, 90/ 10 to about 50/5
ternative processes, namely a process involving a

rrng-openlng polymerization of lactide which is a dimer
15 of lactic acid and a process involving a dehydrative
polycondensation of lactic acid. For the production of
a polylactic acid of comparatively low molecular weight
for use in the present invention, the process involving
a direct dehydrative polycondensation of lactic acid is
20 preferred. This process is described in, for example,
Japanese laid-open patent application 28521/1986.

In the pharmaceutical base for use in the present
invention, the glycolic acid copolymer (A) and
polylactic acid (B) are used in an (A)/(B) ratio (by

25 weight) of about 10/90 through about 90/10. The
preferred blend ratio is about 20/80 through about
80/20. The most desirable ratio is about 30/70 through
about 70/30. If the proportion of either (A) or (B) is
too large, the final preparation will showva-drug

30 release pattern not much different from the pattern
obtained when (A) or (B) alone is used, that is to say
the linear release pattern in a late stage of release
which is obtainable with the mixed base cannot be
obtained. The degradation and elimination rates of

35 glycolic acid copolymer and polylactic acid vary
considerably with their molecular weights and



The wei ght average nol ecul ar wei ght of said copolyner is preferably about
5,000-to about 25,000. The nore preferred range is about 7, 000 to about 20
20, 000. The degree of dispersion (weight average nol ecul ar wei ght/ nunmber
average nol ecul ar wei ght) ‘of said copolxngb s preferably about 1.2 to
about®4.0. The nore preferred range is about 1.5 to about 3.5. 25

The above-nenti oned copol yner of lactic acid and glycolic acid can be

synt hesi zed by the known technol ogy, for exanple by the process described

in Japanese | ai dofip65i 0% bubPReneRd1l Yy SSeiliddSCsidbe %&%@8&}\%69“; and
di sappearance rage, of copolynmer” of "l actirc acid and, glycolit acid

a 30 .. ¢ (
varies greatly ﬂ}Fh°¥H%n€oﬁkbE+¥ BERHef cofil SlyGRl Hhta L ¥rey
speaki ng, the sapéleelabbvelycloligensithé rpetiod, of heeloa®s tantbe

el case can be FrRrSRGes By Fateefrinerihe pelsenlal widnk en o 10 %
i ncreasi ng5t he polptatticvacihtor reduling thevelerdyratbe (A)jA(Bpn of
s oy e ol ARLFLIEE) s GSER1 0 LEoca digh ppeld IRaCtiRlahy )
sust ai ned- r el easedpedipdr the onolecular sweight cofrpplylacticecaaidopol yer of
lactic acid and;gLysgkifqachd w'x?]h(ﬁz/psiaﬁ@rf%eiaon FattRethbPeD the
above- nentioned range and_a wel ght average nol ecul ar wel ght within the
above- nent i oneddrEAGRON\Pf raledss| GaR P raddusted by cchanging cBhec acid
having a 1§ _Qbébﬁé_sd@ﬁoﬁﬁpét_ﬂr@naﬁ@ﬁﬂtt@ﬂnh*@%xﬂ:éfb@x Decakey@ 6&nges
for polynerization ratio and. we average nol ecular weight, it is
difficult to cotPB aih@°¥%ﬁ%§atggirst. On the contrary, with a copol yner
of lactic acid and gWhenl| accopoliymépwfiglactbeeacid and glycolic acid
is used as the biodegradable polymer, its
polymerization ratio (lactic acid/glycolic acid) (mole
15 %) is préferably about 100/0 to about 40/60. The more
preferred ratio is about 90/10 to about 50/50.
The weight average molecular weight of said
copolymer is preferably about 5,000 to about 25,000.
The more preferred range is about 7,000 to about
20 20,000. _
The degree of dispersion (weight average molecular
weight/number average molecular weight) of said
copolymer is preferably about 1.2 to about 4.0. The
- more preferred range is about 1.5 to about 3.5.
25 - The above-mentioned copolymer of lactic acid and
glycolic acid can be synthesized by the known
technology, for example by the process described in
Japanese laid-open patent application 28521/1986.
The decomposition and disappearance rate of a
30 copolymer of lactic acid and glycolic acid varies
greatly with the composition and molecular weight but
generally speaking, the smaller the glycolic acid
fraction, the lower is the decomposition and
disappearance rate. Therefore, the duration of drug
35 release can be prolonged by reducing the glycblic'écid
fraction or increasing the molecular weight.



15 deconposition rate than that within said ranges for “pol ynerization
rati o and wei ght average nol ecul ar wei ght, periods in which the drug wll
not be released in an effec{ive anount tend to occur. In this

speci fjcation, the weight average 20 nmol ecul ar wei ght and the degree of
di spersi on nean the nol ecul ar weight ia Be&ras of polystyrene as determ ned
by gel perneation chromatography (GPC) using 9 polystyrenes with the wei ght
aver age nol ecul ar wei ghts of 120,000, 52,000, 22,000, 9,200, 5,050, 2950,

1, 050, 25 580 and 162 as references and t he dlsperS|on val ue cal cul at ed

usi ng the samCanyexagly, Whigkluratisreaf walpaspheapdee dainighedion was
carried out ugp Q.xﬁ?r.@aglﬂqm:ﬂﬂ:%q_ 4do1ic? a(c%@‘ﬁé??d}.“&i‘? 105‘1‘&4?18&% L-3300

(Hitachi) and,  as the nobi hase, chl oroform

sust ai ned- r el é4& @AY d‘f?l&htt he T Mlq%\krkqfﬂfﬁ%r%r@hﬂzedl by

di ssol ving t hey pritlk) [distaihed -HldaWeaddpa A i0fE) g a term nal
car boxyl §roup in.a ﬁgl!vent which is ubsta afll?/ |m"nsc ble. with water

and t hen ¥ emo\BARE R e 33§°P° ymer &nd s
substanti al | y glyeckiidlacid twitkatae polymesidataiin \Mat:ilb ivel thoifn ey

substantial ly t | ving t he

bi odegr adabl e % @e@%‘fe%tﬁégjgr%%{én\gpg]n@ﬂe%ﬁe re‘geﬂll%ta&%n ?éqg Psol u'?l on

capabl e of di sesighthgritheimpaite ddbove-memytifoned|xanda. | SWJetlB(ﬁ vent with a 5

solubility in yaﬁé TR TR d AL Ul LI RS YA ey at ur e
olnt o

[err]. The boi suc er than

solvent 1s ref er apbl 'y not hl%}
[err]. T sol ertqﬁgomemm T ddhan itfclér
di chl or onet haneandgdy of it q;sdm .ﬂ’dﬁ.tdiﬁrﬁtﬂ& and tweiczjﬁwrawfa;e car bon

| opropyl et haroigetaf gt (S 8 A EEAE G RO The P 0

initial burst. On the contrary, with a copolymer of

_ lactic acid and glycolic acid showing a lower

15 decomposition rate than that within said ranges for
polymerization ratio and weight average molecular
weight, periods in which the drug will not be released
in an effective amount tend to occur.

In this specification, the weight average

20 molecular weight and the degree of dispersion mean the
molecular weight in terms of polystyrene as determined
by gel permeation chromatography (GPC) using 9 |
polyst?renes with the weight average molecular weights
of 120,000, 52,000; 22,000, 9,200, 5,050, 2950, 1,050,

25 580 and 162 as references and the dispersion value
calculated using the same molecular weight,
'respectively, The above determination was carried out
using GPC Column KF804 L x 2 (Showa Denko), RI Monitor
L-3300 (Hitachi) and, as the mobilg pha'se, ehloroform.

30 | The sustained-release preparation of the present '
invention is produced by dissolving the peptide [I] and
a biodegradable. polymer having a terminal carboxyl
'grgup in a solvent which is substantially immiscible
with water and then removing said solvent.

35 The solvent which is substantially immiscible with
water is a solvent which is not only substantially



esters (e.g. butyl acetate etc.), aromatic hydrocarbons (e.g. benzene,

tol ugne, xylene, etc.) and so.on. These 15  solvents can be used in a

sui tabl e conmbination of 2 or nore species. The nore preferred solvents are
hal ogenat ed hydrocarbons (e. g. di chl oronet hane, chl orof orm chl oroet hane,
trichl oroet hane, carbon tetrachl oride, Et% )T The nost preferred is 20

di chl or onet hane. Renpval of the solvent can be effected by the per se known
procedures. For exanple, the nethod conprising evaporating the solvent at

at mospheric pressure under, dual__dec t
stirring by rreéﬂm(ﬁcl} E;clhl g’ra%ﬁ %g’%@gnggpglsh%rl&g?@ acriﬁ‘ne met hod
conpri si ng evaﬂnmm&agq;ddhieuﬂohmmezummaroochMQEbe@evdGHlnﬁhﬁ nepyliapt

' t t f f
The 30 pr oo ber s, S G PL 0O ?3%1%*‘)‘*1‘*551%"3““‘2*5”)” (r

pr oduc sust ai ned-rel €ase preparation, ving the
peptide [1] anpeptiidriddilrdafnefestapdat, it Hsa & @Ofﬁmt c‘!ﬁ-r B/ group

means achlsﬁw ngsg@]&ﬁrfiﬁy Qh Se4tled R ﬁa@d&wlsﬁﬂ 3&0 W axhows no

visual | y observabl e resi"due of undiss epti de at ordln%Hg
tenperat ure [ erdjmospheniq LeamperAtprs, 1 20nMCons e R -‘-”c%é’ [1],

bi odegr adabl e pajoH®olvent 4% ﬁﬂéﬁﬂl\yeﬁiot trﬁe;mwnamnmJ demmu ch
can be di ssol ved de ends .on the of a tern1 é% (é per
uni t wei ght of ﬁ‘#ev e uaﬁj'ablt%c qq?rbaase t'He peptide

term nal car bo>q/icrgtamqma:hanentcerau:toﬁorm,he:hJamqatifame.t o1, the sarre

nol ar a t of ffEhfﬁ%?é &E;téHﬁbéH é%?%ééﬁﬂafﬁéfcq£§9X| £ can be

di ssol ve n theory ore, generalization 1s difficult” according to
t he conbi nat i oretiexshef o} \aniMORR Q@%IM%r(%ngQHrQFﬂ pNe%e and

the 10 bi odegradpbl € PG} VABId aHYEVE@E 4 ToP M€ idirbon atoms)

esters (e.g. butyl acetate etc.), aromatic hydrocarbons
(e.g. benzene, toluene, xylene, etc.) and so on. These

15 solvents can be used in a suitable combination of 2 or
more species. The more preferred solvents are
halogenated'hydrocarbons (e.g.dichloromethane,
chloroform, chloroethane, trichloroethane, carbon
tetrachloride, etc.). The most preferred is

20  dichloromethane. '

Removal of the solvent can be effected by the per
se known procedures. For example, the method
comprising evaporating the solvent at atmospheric
pressure or under gradual decompression with constant

25 ‘stirring by means of a propeller mixer or a magnetic
stirrer or the method comprising evaporating the
solvent under controlled vacuum in a rotary evaporator
can be employed.

Referring to the method of the invention for the

30 'productlon of the sustained-release preparation,

' dissolving the peptide [I] and a biodegradable polymer
with a terminal carboxyl group means achieving a
condition such that the resultant solution shows no
visually observable residue of undissolved peptide at

'35 ordinary temperature (20°C). In this ternary system
consisting of the peptide [I], biodegradable polymer



sust ai ned-rel ease preparations, the peptide may be dissolvéd I n the range
of ahQout 0.1 to about 100% (W w), preferably about 1 to about 70% (W w),
nost preferably about 2 to about 50% (W w, with respect to 15 . the

bi odegr adabl e pol yner whi éh is dissolved ip the solvent. The present
invention is further related to a nethod 8 pProduci ng a sust ai ned-rel ease
preparation which conprises dissolving a bi odegradabl e pol yner 20
conprising a mxture of (A) a copolyner of glycolic acid and a

hydr oxycar boxyli c. aci.d_of, t eneral. fqrnul a . — rnl. wherein R
represents an aﬁ%ﬁso vc?dﬁz'ogg’fgtag‘oél%tar%r?eﬁ%&%e é’ﬁh"’("s)‘iag{ pﬂoer ylactic acid
and a subst ant idildsolwede depesmisulsine they siwibey of lay texming paarhhxyk a
salt thereof i i |5 | l4 L8N S04 with
Vater and then P Sk MO he i oy Aie Brddetbaqan i e
physi ol ogi cal | ITatase Puptpertide mnd |the terminal markeyharoup | v-
occurring, s syntfipldGad¥ 4 b Gie DAERLIHL PAY | eSehd Hinkd TRSLAF Camount

physi ol ogi cal | y active peptides 35 contai ning one or nore aromatic
groups (e.g. gropshiReRidHe @sh hadz Qe theyiRTingle CAFRIER FEMRP

aﬂt hra]cc:ene, Mlgyrééﬂ r}ié db)’sfé&lﬁwec:l rﬁ.fiﬂ'tﬁxecﬁ.ﬁﬁl > o ) THexrdfisre, dger%k:alriw&j:@xh _
t her eof . re, pr re si ol ogi cal l'y .active peptides are those having
2 or nore ar ona’té)cf’gfé’tﬂg“?rg%‘??ﬁﬂ%ﬁal 1i}'f‘f%r %‘ﬁ?ﬂﬁg‘?ﬁ?’}:u‘férﬁe preferred -
physi ol ogi cal | yselvent amptthee maleculms aveightnEB the peptide cand ovheic
groups in,side b 0S. 1 f e ﬁﬁgi' dkY further
substit ut2d. Th%fﬁ%iféadr‘lﬁg I%ojvﬁ%f'-i %go u ]?a’ p ’gg o] oglj(':a ly active
peptide for usesustainedrrslense rpreparatiengy cthe a@_myﬁ-‘ai%émYckeshowi ng a
solubil ity of NeisdBifedCin thd¥arlgs s MG FONStSldBbael1009 of nore
i .
(w/w), preferably about 1 to about 70% (w/w), most
preferably about 2 to about 50% (w/w), with respect to

15 the biodegradable polymer which is dissolved in the
solveht. g

The present invention is further related to a

method of producing a sustained-release prepa.ratiah

“which comprises dissolving a biodegradable polymer

20 comprising a mixture of (A) a copolymer of glycolic
acid and a hydroxycarboxylic acid of the general
formula '

]
— 25 HOCHCOOH

wherein R represents an alkyl group of 2 to 8 carbon
atoms and (B) a polylactic acid and a substantially
water-insoluble physiologically active peptide or a
salt thereof in a solvent which is substantially
30 immiscible with water and then removing said solvent.
The substantially water-insoluble physiologically
active peptide is not limited and includes naturally-
occurring, synthetic and semi-synthetic peptides.
Preferred are physiologically active peptides_
35 containing one or more aromatic groups (e.g. groups
" derived from benzene, naphthaléne, phenanthrene,
anthracege; pyridine, pyrole, indole, etc.) in side



and having a nol ecul ar wei ght of about 200 to 30000. The nol ecul ar wei ght
range i s nore preferably about 300 to 20000 and still nore preferably about
500 to 10000. As exanples of said physiologically active peptide 15 -may
be mentioned | uteinizing hornone releasing hor rone (LH RH) antagoni sts (cf.
US- Pat ent No. 4, 086, 219, No 4, 124,577, Nb.447253,997 and No. 4,317, 815,
etc.), in- sulin, somatostatin, somatostatin derivatives (cf. US Patent No.
4,087,390, No. 4,093,574, No. 4,100,117, No. 20 4,253,998, etc.), growmh

hor none, prolactin, adreno- corti,colranic - . (eTRAYA
stinul ating horms( Cr\j’éﬁ’fe%faﬂ ts l\gtcnr'émfz céﬁelfv%évaé% (#%ﬁ%’?@h%ﬁ%éﬁe&e
rel easi ng hor mpeptides Hre(didmses-1E0rimg 27 PmmMPIe FHromatblds SIToURS r b7 d
stimiating horgne difls il 71 it ASicul Ol s ddidea ol i cl e

stimulating hortione, , vaso- pressin, vasopressin derivatives,

oxytocin, cal ciphysinlegiaaily aqtivq iRPPHHIRT 059 nthRSe RABERS ( HKPTi n,

angi ot ensid, hl{{@%%ﬁé‘ﬂ%ﬁé ARipYeih L@ cKdd Othsrgonadotiepe n (HCG) ,
kephal i n-deriva

UL Vbl Sty bttt SR el 2l
thynostinulin, thymehdsistadtid Dy (Watexr-1inesublé hphysielegtcallky (FTS)
oo 5" hotadEied antad el od8, i A0S ilond Dfdedtra it oo
motilin, dynor phiefelablbysa rpepreidetshowing cersokubility -of5not prexgki nin,
nourotr ook o b Hhla RS KA LB e 8 ofeY it lseids
EP- A No. 43618%ndichavirg o5 m.l:lfemlgn%q.gqt}t‘]q:f ahewrt !.20@ 1.:0 %0@(1@92. and
bopt s, spoci TR LUy e LR yeted] 4 Mote phrct oL bamec s
physi ol ogi cal | yt@ac299R0 rad #eklhAo%e pEefeérably about 500 to 10000.

As examples of said physiologically active peptide

15 may be mentioned luteinizing hormone releasing hormone
(LH-RH) antagonists (cf. US-Patent No. 4,086,219, No.
4,124,577, No. 4,253,997 and No. 4,317,815, etc.), in-
sulin, somatbstatin, somatostatin derivatives (cf. US
Patent No. 4,087,390, No. 4,093,574, No. 4,100,117, No.

20 4,253,998, etc.), growth hormone, prolactin, adreno-
corticotropic hormone (ACTH), melanocyte stimulating
hormone (MSH), salts and derivatives of thyroid hormone
releasing hormone (cf. JP Kokai S~50-121273 and S-52-
116465), thyroid stimuléting hormone (TSH), luteinizing

25 hormone (LH), follicle stimulating hormone (FSH), vaso-
pressin,; vasopressin derivatives, oxytocin, calcitonin,
gastrin, secretin, pancreozymin, cholecystokinin,
angiotensin, human placental lactogen, human chorionic
gonadotropin (HCG), enkepharin,_enkephalin?dérivatives

30 (c£. US Patent No. 4,277,394, EP-A No. 31,567),
endorphin, kyotrphin, tuftsin, thymopoietin, thymosin,
thymostimnlin;_thymic humoral factor (THF), facteur
thymique sérique (FTS) and its derivatives (cf. US
Patent No. 4,229,438), other thymic factors, tumor

35 necrosis factor (TNF), colony stimulating factor (CSF),
motilin, dynorphin, bombesin, neurotensin, cerulein,



whi ch are antagonists of l|uteinizing hornone releasing 10 ° hornone

(LH RH) and useful for the treatnent of hor- none-dependent di seases such
as prostatic cancer, pro- static hypertrophy, endonetriosis, uterine nyons,
‘precoci ous puberty, breast’ cancer, etc. and for contraception. 15

- The physiologically active peptlde for us®in the present invention can be
in the formof a salt, preferably a pharmacol ogically acceptable salt.
Where sai d peptide has a basic group such as amno, the salt nentioned

above may for e he th salt forme 2 I nor gani c id (e.g.
hydrochl ori c a§F85§§&PP&w 5&?& nﬁFFPFEté8|%ac &) 1§ iﬁﬁﬁ%ﬁ c acid
(e.g. carbonlcfacm@:,hpeddggmoamhoﬁactamldnesmo¢mmph1acﬁdptamst|c aC|d

propioni ¢ acid a;e&;ﬁ:afd' ¥ hd ?)]tg’ %Egﬁk:ﬁetlﬁ.hc )ﬁta%ﬁr:x.% ;e RG4S 3

acidic group s S car or exanple-b e salt
formed with baf®-ReNg.- d:l3|5d-l8|9rnﬂpal 4533495 asldséTm-ur‘h%ﬁét?assTHuﬁOk@tlc H-and

al kaline garth yRigsy aueh o@imlz@s;mnaa&&%msef& Hei vt iYL base

(e.g. organic amnes suc as triethylam.ne etc d basic amno acids 30
such as argi ni f&ese physiple veuPeRFides.in the formof a neta

conpl ex conpound (e, c.@.tﬁmere 'e%XonFt'h% Felidogdicallly Je’divid C

Uni ted States RSPE 4%@@% Ca%arsy TR ML %éfpsq%'gandé“sﬁée" ANy 34,

2395- 2402, 199hmﬂ%hﬂare EuﬁdgnnustsCaﬁcdmtE&nﬁzmﬂg hdémone -redeasihiB- 136,

éggtzl dggq&?t heﬁ'é’ t (#Ef”{) gﬁ&@'{ . tfl&%e%lt?ae% a sé)t?fqrrltedn ?oned
anong ot hers. mone-depemmMea@mmmm@mwwg:mew, aRd-ve
peptide is vat ge0ld Hypedtrdphy, Ponidmet i), Aterine myoma,
precocious puberty, breast cancer, etc. and .for
- contraception.

15 The physiologically active peptlde for use in the
pfesent invention can be in ‘the form of a salt,
preferably a pharmacologically acceptable salt. Where
said peptide has a basic group such as amino, the salt
mentioned above may for example be the salt formed with

20 inorganic acid (e.g. hydrochloric acid, sulfuric acid,
nitric acid, etc.) or an organic acid (e.g. carbonic
acid, hydrogencarbonic acid, succinic acid, acetic
acid, propionic acid, trifluorocacetic acid, etc.).

Where the peptide has an acidic group such as carboxyl,

25 the salt may for example be the salt formed with
base (e.g. alkali metals such as sodium, potassium,
etc. and alkaline earth metals such as calcium,
magnesium, etc.) or an organic base (e.g. organic
amines such as triethylamine etc. and basic amino acids

30  such as arginine etc.). The peptide may further be in
the form of a metal complex compound (e.g. copper
complex, zinc complex, etc.).

Specific examples of the physiologically active
_ peptide or salt thereof are found in United States

35 ~ Patent No. 5110904, Journal of Medicinal Chemistry 34,

2395-2402, 1991, Recent Results in Cancer Research 124,



derivative conpound which is insoluble or converted to an insoluble salt
with;a water-insoluble acid (e.g. panobic acid, tannic acid, stearic acid,
palmtic acid, 10 etc.) and used in the process of the invention. The
amount of sai d physiol ogi éally active pepg%de n the preparations of the
present invention depends on the species pepti de, expected pharmacol ogic
effect and desired duration of effect and so on. Generally, however, it is
used in a 15 proportion of about 0.001 to 50% (w w), preferably about
0.01 to 40%(w/ Quty % (Ww, relative to the
bi odegr adabl e pvx)’?yrrlerf’lr?Sr base. 'The s t\q}%nt eqzﬁjt 3%0n the method is the sane
as described above. Fz-'(;?themore:R&M&hﬁﬁlqmlﬁﬂlﬂéflta%%é%ﬂ% out in

the same manner, tiﬁfhﬁfl 1 Thad 1 d ahd¥dsedad Wlddbe
‘production of tcfte sust al ned-re ease preparatlon of the present invention is
a ni cr oencapsulReNHPIRbe ARENG i94h8KRy the drying- 25 i n-wat er techni que

or the phage separ atygredwraNigih WwHHrC ke pigfoid sl dl Dy adtiv@y process
anal ogous thereto. J{;ee process descr.ibed Iow r@%/ be carri dfgf(%)Ut with
peptide [I] or RRRLAS i faRR% A9 Sls}“?ﬂtﬁ'erl n%%}m%e% i%l ogical Iy
active pepti de dériFatine ushaspquant iwteidh |is ‘Emsqlubﬂe pmpthtwefrt}ed stadded

to a solution of the(ﬁjtlone d&blv?it%?lé'w élp_suc%%g |n t he

final weight r dt ereln efore deto prepare
an organic soI \@amomlmld)n tannix racig « lREeRME¢ Reid ] Je?’e‘éie@‘?’é@labl e

pol yner . UEF 40 knd e SQRELTBE NN Mertiigol] 0degr adabl e

pol ymer |n the org ﬂl C SO vent var | egﬁ:ccordl ng. to the nol ecul ar wei ght of
t he bi odegradabl e poFhereamonRtl of heaidy peysiplegigakl & asbiveepeptjgde n $he preparations

of the present invention depends on the species of peptide,
expected pharmacologic effect and desired duration of
effect and so on. Generally, however, it is used in a
15 proportion of about 0.001 to 50% (w/w), preferably
about 0.01 to 40% (w/w), more preferably about 0.1 to
30% (w/w), relative to the biocdegradable polymer base.
The solvent employed in the method is the same as
described above.
20 Removal of the solvent can be carried out in the
same manner as described above. _
The preferred process for the production of the
sustained-release preparation of the present invention
is aimicroencapsulating process utilizing the drying-

25 in-water technique or the phase separation technique,
which is described below, or any process analogous '

thereto. |
| The process described below may be carried out
~ with peptide [I] or with a substantlally water-
30 insoluble physiologically active peptlde which lncludes
peptide [I]. ' |
Thus, the peptide [I] is added to a solution of
the biodegradable polymer in an organic solvent in the
final weight ratio mentioned hereinbefore ﬁor such’
35 peptide to prepare an organic solvent solution
containing the peptide [I] and biodegradable polymer.



5 generally selected fromthe range of about 0.01 to about 80% (w w).
The preferred range is about 0.1 to about 70% (ww. The still nore
preferred range is about 1 to about 60% (W w) . Then, this organic sol vent
sol ution containing the 16 pepti de [L] 2and blodegradable pol yner (oi
phase) is added to a water phase to prepare an Qoil phase)/w (water phase)
emul sion. The solvent of the oil phase is then evaporated off to provide

- microcapsul es. The vol ume of the water phase for this procedure is 15

gelner al I%/ fﬁl eCI:@dI:IﬁIS)rmbxlil@ediﬁm Oﬁhﬁb&bﬁcénﬁﬁaﬁb@mb tofl OEH® L | mes E) 88

vol une o e aqi] ase erred r e is. a o, abo tinmes
b The st tedddisastlE BEFRLT b | B0 o datlit o fiedd Ykl 000
emul sifier may &Ecemuﬁmbttottheemmmenutarwwéight @h ashke bﬂ&degmndableer may
general ly be a¥%°§ﬂB§%a£&& {ﬂgtéﬁﬁét ngéﬁénig é$TVéﬁErﬁﬁ¥O of a stable

QO W enul si on. ere can b Ironed anionic surfa S (sodi um
ol eate, sofli um gererally selieched afrgm the frarge 0. 3bowwnd ol ct@urf actant s

25 (pol yoxye&ﬁ?!ﬁféneo@owwn fagd v féfé‘rfé&efénéev‘f@”aﬁgué‘n@ Tvegn 60,
At| as Powder ] eth%g ne- cast or 0|I derivatives 0 and HCO 50,

Ni kko Chen1cals?b°%Fc Wi nyThe r$otlbomere BrsLe aF%%%%Ils
carboxynethylceébgﬁesg tbegbbﬁtnsogetﬁwwp hyaluronic 30 acid and so on.

Th | sif b d d

concentration nay bolaSRecEhte PEHRRTE Tanterhr SahSETCh SOt e iR iR Frs0u
(ww) . Theoprefpepeiideall} asdabbodegradabbe apolymedl{ il whase)the still
Tor e Dreferred 54088 8 aQutof Biadd o pRepRE!ad (4 1) pndbe) rgsul tant

m crocapsul es are recovere n or ation and
washed with sevévatepophases emublsseml etheaselventrefipthet abliphasgept i de,

is then evaporated off to provide microcapsules. The
volume of the water phase for this procedure is

15 generally selected from the range of about 1 to about
10000 times the volume of the oil phase. The preferred
range is about 2 to about 5000 times and the still more
preferred range is about 5 to about 2000 times.

An emulsifier may be added to the above water

20 phase. The emulsifier may generally be any. substance
that contributes to the formation of a stable O/W
emulsion. Thus, there can be mentioned anionic
surfactants (sodium oleate, sodium stearate, sodium
'lauryl sulfate, etc.), nonionic surfactants.

25 (polycxyethylene-eorbitan fatty acid esters [Tween 80
and Tween 60, Atlas Powder], polyoxyethylene-castor oil
derivatives [HCO-60 and HCO-~50, Nikko Chemicals],
etc.), polyvinylpyrrolidone, polyvinyl alcohol,
carboxymethylcellulose, lecithin, gelatin, hyaluronic

30 acid and so on. These emulsifiers can be used
independently or in combination. The concentration may
be selected from the range of about 0.001 to about 20%
(w/w). The preferred range is about 0.01 to about 10%
(w/w) and the still more preferred range is about 0.05

35 to about 5% (w/w). |

The resultant microcapsules are recovered by



vehicle and enulsifier fromthe surface, then redi spersed in distilled

wat er, or the like and 5 | yophilized. Then, if necessary, the

m crocapsul es are heated under reduced pressure to further renove the

resi dual water and organi ¢ solvent fromw_thin the m crocapsul es.
Preferably, this procedure is carried oUIZBy‘heating the m crocapsule at a
tenperature 10 sonewhat (err] or nore)above the nedian glass transition
tenperature of the biodegradable pol ymer as deternmined wi-th a differential

scanni ng calorinet erat i-ngr.enent s, of rally
for not nore tHEFPY ’2‘?’5%%0%?& a9 &1 é’ﬁ%’%%lhtg{ J% ‘%‘%E t han
24 hours, afterpdmans:raf:ansmekléthmtezadmecreme dthgetfreenpeptide, | n .
t he production S lon ni que, a
coacervation age é}%ﬂ«%%j %u%&%ﬂ%%%%%%% é) eptide [I] and
bi 0- 20 degrmﬁtﬁ&ew@m dwmmm@%mmﬁha vhkﬁ tant stirring
so that the 'ﬁ&g ﬁapolm k2 é&f@é@éfywh@mﬁéﬁéabémeg hase

'S adde Vo

coacervation a din une of about to about 1000 tlnes
the vol ume of thrRatedn %o#%%ﬁe%c?mﬁ#%ft%eﬁdﬁmeﬁlqe%‘@bﬂbe

degr adabl e pol yy@sidudDewdtéF ine b feliie | Sohant ﬁ:&lﬁ witiahwuthé00 tl rres
and the still nore grefqﬁied r e 1S out,.0.1 to a ut_ 200 tines. d
coacervati on adg®HtT %ﬁﬁﬁ’ﬁﬁ%f W?r@? ¥ ats o‘f?r’ffre

veget abl e oil tq;pe |lméatjsnc_$0the micxoddpsulie at he teperatine the

bi odegr adfﬁ)l e p%’?,?(%%g othbF oFOE 26 tHe SRRLNE 1B8s RehwdiRion temperature

Speci fi ca sesane oil, soybean oi corn oil, cottonseed
oil, coconut oi¢f thaSbe@ﬁegtadabh&rp¢11m¢¥ asrﬁs@#umlne¢m¥m%hea etc. can

be mentioned. THegge tlaf@ééﬁﬁ%g &%ibPﬁné'éé’P AP canpbrRtare. The

resul tant m crocapsules are recover y
_ increments of 10 to 20°C/min., generally for not more

than 1 week or 2 to 3 days, preferably for not more

15 than 24 hours, after the microcapsules have reached the
target'temperature.

.'In the production of microcapsules by the phase
separation ﬁechnique, a coacervation agent is gradually
added to a solution of said peptide [I] and bio-

20 degradable polymer in an brganic solvent with constant
stirring so that the biodegradable polymer may separate
out and solidify. This coacervation agent is added in
a volume of about 0.01 to about 1000 times the volume
of the organic solvent solution of peptide [I] and bio-

25 degradable polymer. The preferred range is about 0.05
to about 500 times and the still more preferred range

is about 0.1 to about 200 times.
The coacervation agent should be a compguhd of
polymer, mineral oil or vegetable oil typeFWhich is

30 miscible with the solvent for the biodegradable polymer
yet which does not dissolve the polymer. Specifically,
silicone o0il, sesame oil, soybean oil, corn oil,
cottonseed o0il, coconut oil, linseed oil, mineral oil,
n-hexane, n-heptane, etc. can be mentioned. These

35 substances can be used in combination.

The resultant microcapsules are recovered by



filtration and washed repeatedly with heptane or the Iike to renove the
coacervation agent. Then, the free peptide and sol vent are renpoved by the
same procedure as described for the drying-in-water technique. 5 In the
dryi ng-in-water technique -or in the coaceryation techni que, an. aggregation
i nhibitor may be added so as to preVent'agérégation of particles. The
aggregation inhibitor includes water- 10 sol ubl e polysacchari des such as
manni tol, |actose, glucose, starch (e.g. corn starch), etc., glycine,

protei ns such as; f4i 4 : qgﬁﬁ} t Cenediih] qgfgﬁn C s sodi um
chl ori de, sodi 3%%%/%%%%%%%8{) a %fazﬁe e'so _onj.'lpl ﬁeﬁ@é‘fén ?’ge&é?oduct I on
of m crocapsul e]sll‘éﬁl theramees Wy isRAGREIA R, 2g9R - orEhen ¢ the vEvee

sol ution of pepidgieidé |amd P ASRET AER D emdPPd By tife Sd&Ré Sfrdfedurdst form
t hrough a nozzle |t£?tﬁo ”1'? &il‘gl ngtchanbe_r of , a sagr%% drier,to evaporate the
organi ¢ sol ventad (dffepibed for “the (Aryingringratef £eFRRIIMR opl ets in a
bri ef tigre to provide fine mcrocapsules. The nozzle may be a

two-fluid nozzle, pressure nozzle, r ry,.di sk nozzle and so on.. 11 is
advant ageous to the process to g%faytgﬁl%ﬁﬂ&ﬂﬁ@?eﬁvatego?%??%ﬁqB? sai d
aggregati on i nhobi irorthe ccoacetvetiow Az chiigue hanpraygreganl on

i ntercapsul e aggegady | r .o i  t | gani c
sol vent sol ution oﬁ%ﬁi%@[c% %in%?%i%eaﬁ p%ﬁ%ﬁ%@%@ti% &t | f
necessary, the PaEtiedes watBhe Agorrgpiien skihibiter cdnekides Wterating
the resuldﬂﬂnt @&Im%ﬁséﬁﬂ%r{&‘é’é’%wrfé%&iﬁi,heléé‘E@s@}””er as

descri be erei nbefore.” The m crocapsul es can be adm ni stered, as they are

35 or as prd&HICRIL i FERTER | RIT pIRAFRCEERATER) » REHar L1¥FENe or
adm ni strati on prot&li£SswéNeds tArin, collagen, etc., and inorganic

salts such as sodium chloride, sodium hydrogen
_ phosphate and so on. '
15 In the production of microcapsules by the spray

drying technique, said organic solvent solution of
peptide [I] and biodegradable polymer is ejected in a
mist form through a nozzle into the drying chamber of a
spray drier to evaporate the organic solvent from

20 the finely-divided liquid droplets in a

brief time to provide fine microcapsules. The
nozzle may be a two-fluid nozzle, pressure
nozzle, rotary disk nozzle and so on. It is
advantageous to the process to spray an agqueous

25 solution of said aggregation inhibitor from another
nozzle for the prevention of intercapsule aggregation
in coordination with said spray of the organic
solvent solution of peptide [I] and biodegradable
polymer. -

30 . If'necessary, the residual water and organic
solvent are removed by heating the resultant
microcapsules under reduced pressure in the same manner
as described hereinbefore. |

The microcapsules can be administered as they are

35 or as processed into various pharmaceutical

preparations for administration by routes other than '



30 peroral (e.g. intramuscul ar, subcutaneous and intraorgan injections or

I npl ants, nasal, rectal or uterine transnucosal delivery systens, and so
on). or for oral adnrnlstratlon (e.g. solid preparations such 5 -as
capsul es (e.g. hard capsulfes, soft capsul e etc.), granules, powders, etc.
and |4 quid preparations such as syrups, ® sTons, suspensions and so on).
To process the m crocapsul es for I njection, for instance, the

m crocapsul es can be fornulated with 10 a dispersant (e.g. a surfactant
such as Tween 80Q, car boxynet h ul ase | ysacchari de
such as sodi um &FP %5? 1 96 fnt§a8P§§ ¥95?|%BgfgtgneﬁgPhﬁpgaraben

- propyl par aben, emmrpprgananmjecmmnnsrng agpﬂan@e rgnasedi,umecitiadr ioade,

manni tol, Sorb'& Rerihe ra%s&h%%%aleg%ﬁvle %ﬁrsa“aﬁﬁu%uﬁ njuBRENsi on
or they may be sperse veget abl e oi su as sesane oil, ‘corn oil or
the like to profode oFglopdmindssxatann be -gucFoddrk DPPaFatipagssuch

Injecilgr sThe B%rbﬁﬁdﬁrﬂsZerb thﬁrﬁ‘%?%%%ﬂ%%'e%o&?rcﬁﬁguﬂészoetc 4N
i nj ectabl e suspen5|o s need onl’y be in range satisfyin
di spersi bil i ty Pﬁé@ég F@f?e&l"g%gﬁd a% g—@i‘énﬁf"@hr &fge

from about 0.1 tdﬁm.s[lehls], sﬁh@eﬁg&b@.@r aﬁdpabtbnj)e si ze range is
about- 1 to about 300 err dand %gF st.ill nnrel%refe&red 25 3 ge S
about 2 to about 200 CEES oWﬁ&Fﬁ&apﬁg crocgpsulé§J§§ 4% erile
pro- duct, the \oad é.qsrmgxet,i dhep miceesapsudals) canedhet rios:lmrlraltlew‘madnt rol,
the mcro sul éﬂf@ ed b | I atal vative
| s added, F?ﬁ? %heéé gregh%?ggggEﬁﬁfvg%%gb%%dSgggh |de romthe

above- ment i oned Wrcrﬁ@apsma@‘Dmﬁ égeédaﬂpéepowm ysassbamiden such

containing the gt 's‘dﬁﬂxfﬂh@.@;%&:eoelétﬂcd ol r‘é‘s&@.‘b"a%@.@em(e@gsw tabl e
t echni que can be negéed and nol ded |ntoagﬁfp erical, 35  ~ bar-shaped,
ga Tor

need| e- shaped, LPATalsn /1 b &FCdd ra °F AR APPiEMIBase
preparation of tayen q*eRf. sodium chloride, mannitol, sorbitol, |
15 glucose, etc.) to prepare an agueous suspension or they may be

dispersed in a vegetable oil such as sesame o0il, corn
oil or the like to provide an oil suspension for such
controlled release injection.
The particle size of the microcapsules for use as
20 an injectable suspensionsneed only be in the range
satisfying the dispersibility and needle passage
requirements and may for example range from about 0.1
to about 500 um. The preferred particle size range is
.about 1 to about 300 um and the still more preferred
25 range is about 2 to about 200 um.
For providing the microcapsules as a sterile pro-
duct, the whole production process is subjected to .
sterility control, the microcapsules are sterilized by
gamma-ray irfadiation or a preservative is- added,
30 although these are not exclusive procedures.

'~ Aside from the above-mentioned microcapsules, a
biodegradable polymer composition containing'the active
ingredient peptide well dispersed by a suitable
technique can be melted and molded into a spherical,

35 bar-shaped, needle-shaped, pelletized or f£ilm shape to
' provide a sustained-release preparation of the present



31 invention. The above bi odegradabl e pol yner conposition can be produced
by the nethod described in JP Publication S 50-17525. To be specific, the
pepti de drug and the polynmer are dissolved in a solvent and the 5

solvent is then renoved by a suitable nethed-(e.g. spray.drying, flash
evaperation, etc.) to provide the desired bi odegradabl e pol ymer

conposition. The sustained-rel ease preparation of the present invention can
be adm ni stered as an intranuscul ar, 10 subcut aneous or intraorgan

i njection or inpheehtiont r afsalzivowe biddegradalybe epolymenppimpesitiono t he
nasal cavity, o r r a solid
preparation sucﬁgé‘l% réj'&&‘%é'& %‘? tﬁ% ﬁéﬁ{oé’ ?ﬁﬂbér)&an% eﬁp powder, etc. or
a liquid preparanbbncaﬁlon Su&%-b%53$er¢0éhﬁl%pQ#l s%spEMSlﬁﬁpt%d% ). The
sustai ned-rel e r n [

and can be usegaggg &Iﬁﬁéoﬂnggméﬁﬂgﬁéﬁ%f@§01€@§ %%ﬁ& %%%Y%gwliﬂfnghéy
cani ne, febine, sedlvent 1sathendrempyed )by 2® su1table1mgpggg af@-%f the

sustai ned-rel ea§ﬁr£{reaﬁyﬁﬁg0nf1§sﬂe@ea§6ﬁt9@n;F@téy ec@npreeidenthef the
active drug peptrde, fin dosage form_the duratiop of rel ease of the

peptide, the ob?@ﬁ%rﬁg P%@Q?ﬁﬁﬂ able cROL¥MeE, GEMROS4EL®Mdent di seases, e. g.
prostatic cancer, preohéasusgbainedicf@léaye preparationi sf tkerptesents,

pr ecoci ous pubeﬂ%égpgﬂonbﬁgnc 8%8hni 81 Seordl Lo oROMERGRRLLRTA- AN Che

subj ect ani nmal I's heCéssar
ef f ecti vel@nounsubtupapeods ©F sntrees@anlynmectveneqr #mnlantt Gosage of

the active 30 gﬁggueggg%dgeli@g g?g ?ron1t ggiéagiansggtgﬁéas an

exanpl e, can be Selecte vant a nge of about 01l to
about 100 ngy/ kgnB&ay GAVEEY.f SRCEAMAQT| WEALHER. °=rh€np9§¢érP§aP?5a§é°vs

about 0.05 to apguy.58 EBAkE Beepavatibh sibh aBshk papbalecergughard
or soft), granule, powder, etc. or a liquid preparation

15 such as syrup, emulsion, suspens;on, etc.).
The sustained-release preparatlon of the present
invention has low toxicity and can be used

safely in mammalian animals (e.g. man, bovine, swine,
canine, feline, murine, rat and rabbit).

20 The dosage of the sustained-release preparation is
dependent on the type and content of the active drug
peptide, final dosage form, the duration of release of
the peptide, the object of treatment (such as hormone-
dependent diseéses, e.g. proétatic cancer, prosta-

25 tomegaly, endometriosis, metrofibroma, precocious
puberty, mammary cancer, etc., or for contraception)
and the subject animal species, but in any case it is
necessary that an effective amount of peptide is
successfully delivered. The unit dosage ©of- the active

30 drug peptide, taking a one-month delivery system as an

' example, can be selected advantageously from the range
of about 0.01 to about 100 mg/kg body weight for an
adult human. The preferred range is about 0.05 to
about 50 mg/kg body weight. The most preferred range

35 is about 0.1 to about 10 mg/kg body weight.

The unit dosage of the sustained-release



35 is about 0.1 to about 10 ng/ kg body wei ght. The unit ‘dosage of the
sust ai ned-rel ease - 32 - preparation _ per adult human can

t herefore be selected fromthe range of about 0.1 to about 500 ng/ kg body
wei ght. The preferred rande is about O. 2 &QhabOUt 300 ng/ kg body wei ght.
The frequency of adm nistration may 5 ge fromonce in a few weeks,
nmonthly or once in a few nonths, for instance, and can be sel ected
according to the type and content of the active drug peptide, final dosage

form designed dgégéggglgg rel ease ?érngu?prhﬂgn LR el SERSE defecb

managed and t he? ani e OW ng reference and wor ki ng
exanpl es are |nfznmedhEOrdaserDﬁeabhntlﬂvéntPoﬁbPﬁtf§99h@9/89t§P¢Yand

shoul d by no nmeggs HE CO@ﬁg Bgefgéréaffahga &BeaseaEﬁoot tBeabByensoon.

(Unl ess ot herw se peC|f|e mean Abbr evi ati ons used
her ei nafter havagrkg b@dYoWPhghEeflﬁhﬁl§ﬁ§tuEEY PgrPdE&P6§§€§F58ﬁyWa¥POC

9-1l uoreny nethgéﬁgarheemloa@e in a feﬁb%eekg?nﬁbh@h19abb06hbeRQhe&ence
Exanmple 1 100

f our - necke | ask equi b E - glet pi pe
and condensor WES¥WcREREBE wEPK BBEtﬁnGPfQBaEaﬁEBO e 86 Gft A gF H9ctic
aﬁ'd and 10g g QB 2§e ty@&%hﬁﬁgeeﬁteﬁelbflQheohctibecdrugapegtadé,the
charge was eat reduced pressure i Qg e m
[err] mHg to [ F'P]a nﬁﬂﬁagﬁeﬁoﬁmpe PE4IBPd, dﬁgglrté.oa 8?h ga'egﬁ!ést%?l If&'t
wat er being conpeptibe,r ¢hevddsedse toabei managedueadiabef subiect3o

heat ed un g pressure at 3-5 [err] for 7 hours, after which it was
cooled to grOV| an anber- col ored polylactic acid,
The following reference and working examples are

intended to describe the invention in further detail
and should by no means be construed as defining the
scope of the invention. (Unless otherwise specified, 3
15 means % by weight).
' Abbreviations used hereinafter have the following
-definitions:
BOC: tert-butoxycarbonyl
FMOC: 9-fluorenylmethoxycarbonyl
20 Cbz: Benzyloxycarbonyl
Reference Exampie 1
A 1000 ml four-necked flask equipped with a nitro-
gen inlet pipe and condensor was charged with 300 g of
90% agqueous solution of D,L-lactic acid and 100 g of
25 90% aqueous solution of L-lactic acid and the charge
was heated under reduced pressure in a nitrogen gas
stream from 100°C/500 mmHg to 150°C/30 mmHg over a
period of 4 hours, with the distillate water being
constantly removed. The reaction mixture was further
30 heated under reduced pressure at 3-5 mmHg/150-180°C for
7 hours, after which it was cooled to provide an amber-
colored polylactic acid.
This polymer was dissolved in 1000 ml of dichloro-
methane and the solution was peured in warm water at
35 60°C with constant stirring. The resulting pasty
polymeric precipitates were collected and dried in



Thi s pol ymer was dissolved in 1000 ml of dichloro- met hane and the sol ution

was poured in warmwater at 35 [err] with constant stirring. The

resul ting pasty polyneric precipitates were collected and dried in - 33

- vacuo at [err]. The wei ght average nnleﬁy ar wei ght and nunber average

mol ecul ar wei ght, as determ ned by GPC, "and the nunmber average nol ecul ar

wei ght, as found by end-group 5 determ nation, of the above polylactic
acid were 3,000; 1,790; and 1,297, respectively. These data showed that the
pol ymer had ter 5 ary gxél groups. Reference Exanple 2 10 - A 1000
m four-necked as ped with a nitro- gen inlet pipe and condensor

was charged with 5ooT§eoVegqh@aame@@ges@mL@cehagfwgtghﬁc@n@ avmbgexrnd t he

charge was heatSéeﬂagérméfééﬁférpﬁéﬁéﬂfe &8 éeﬁéiﬁﬂﬁ@& BScBE! eanyf £Rl
[err] mmHg to | erlod 4 hours, Wth the distillate

e
wat er bei ng conEF@%?F %%ﬁ%gﬁdm°#ﬂ§u} cV?bﬂhﬁ1x§§r§°HB§ b¥ eRdraredPed
under reduged pdéﬁéﬂﬁ2n§t18n5 6srthef@bo&8 beu%zacai&e&cmalﬁarétswgaoeooled

to provide an a -col or,e ylactic Thi s pol ynmer was
di ssol ved in 1ogb9 7 oftng; ghgg% rﬁﬁ?ﬁﬁﬁ 3ﬁ$ the solution was poured in
warm water at [err] mhehecdasaaahowedrthag thaepotgmeri hagdpterminallyneric

preci pitates me&g 88& fc&fgu ﬁd dried in vacuo at [err]. 25 The
wei ght aver age for ecof ar Jvie! g f and nunber average nol ecul ar wei ght, as

det ermi ned by CRefexencenExampher2average nol ecul ar wei ght, as found by
end- group; get erm nat Aoﬂooﬁf §.hfoﬁPQHQcEQ&YfBﬁékceéﬁiﬁ?ééswﬁtﬁog nztﬁél and

1, 830, respectlvely hese data showedth X
t ermi nal gen lnlet pipe and condensor was charged with 500 g o

90% aqueous solution of D,L-lactic acid and the charge
was heated under reduced pressure in a nitrogen gas
stream from 100°C/500 mmHg to 150°C/30 mmHg for a

15 period of 4 hours, with the distillate water being
constantly removed. The reaction mixture was further
heated under reduced pressure at 3-5 mmHg/150-180°C for
12 hours, after which it was cooled to provide an
amber-colored polylactic acid.

20 ' fThis polymer was dissolved in 1000 ml of dichloro-
methane and the solution was poured in warm water at
60°C with constant stirring.' The resulting pasty
polymeric precipitates were coilected and dried in
vacuo at 30°C.

25 The weight average molecular weight and number
average molecular weight, as determined by GPC, and the

. number average molecular weight, as found by end-group
determination, of the above polylactic acid was 5,000;
2,561; and 1,830, respectively. :

30 These data showed that the polymer had terminal

carboxyl groups.
Reference Example 3

A 1000 ml four-necked flask equipped with ‘a nitro-
gen inlet pipe and condensor was charged with 300 g of

35 = 90% aqueous solution of D,L-lactic acid and 100 g of
90% aqueous solution of L-lactic acid and the charge



car boxyl groups. Reference Exanple 3 A 1000 m four-necked flask equi pped
with.a nitro- gen inlet pipe and condensor was charged with 300 g of 35

90% aqueous solution of DL-lactic acid and 100 g of 90% aqueous sol ution of
L-lactic acid and the chafge 34 - was jgated under reduced pressure in a
nitregen gas streamfrom/[err] mMHg to [err] mHg for a period of 5 hours,
with the distillate water being constantly renoved. The reaction m xture
was further 5 heat ed under reduced pressure at 5-7 [err] for 18 hours,

after which it s HediRU unded eidie fureolior @d nieindges igasaci d. Thi s
pol ymer was dlssolved n1 ig{ d| | Qro Pﬁ?ﬁbt ol uti on was
poured in war m3kH zﬁr q'%% PeP ng'tsg‘%g@ 1'JE’FiI'rsiae resul ting
pasty pol yneri (pqanexd ift & dsoums,e widdh adieed istd ldated watazachﬁ;rm [err].

The wej ght aver I mé@a _d 8l ggﬂa ght, as
det erm ned by ﬁes ﬁ&lﬂ c"gnu er averagéﬁvrr@ ecul ar wei ‘ﬁ'r et

as found
by end- gr &up détaa‘tmdnamdﬁr nsidudes FResEURS AtadTc TRHGY lﬁeps-%ﬂo‘&b £ox 563:

and 2,301, T esnaeiigiely, JHAe ialch SOV k1 dd 4. Potiiadiazh ter m nal

carboxyl gr oups. Re erence Exanol e 4 our - necked fl ask
equi pped with @mherwolpned MAdylagtdad®idndensor was charged with 300 g
of 90% aqueous. sol uteping ol@mle:& ald Aizdcivad iAW EmIO®S adjiehlsco-

;SLEEL?Q ?L ; h&;tlc aci qg? éﬁﬁ‘char e 25 was heatgy?¥qﬁﬁé%£ qyced
peri od of1(p houms°c Writkh tdenshatt Idta‘tnr:im;.er e rn;emdﬁsnmgltpgsinermved. The
reactlon n]Xture.¥a§e£i5t5¥§c1pltates'were collected and dried in

vacuo at 30°C.

The weight average'molecular weight and number
average molecular weight, as determined by GPC, and the

15 number average molecular weight, as found by end-group
determination, of the above polylactic acid was 7,500;
3,563; and 2,301, respectively.

These data showed that the polymer had terminal

carboxyl -groups. '
20 Reference Example 4

A 1000 ml four-necked flask equipped with a nitro-
gen inlet pipe and condensor was charged with 300 g of
90% aqueous solution of D,L-lactic acid and 100 g of
90% aqueous solution of L-lactic acid and the charge

25 was heated under reduced preséure in a nitrogen gas
stream from 100°C/500 mmHg to 150°C/30 mmHg for a
'period of 5 hours, with the distillate water being

constantly removed. The reaction mixture was further
heated under reduced pressure at 5-7 mmHg/150-180°C for

30 26 hours, after which it was cooled to provide an
amber-colored polylactic acid.

This polymer was dissolved in 1000 ml of dichloro-
methane and the solution was poured in warm water at
60°C with constant stirring. The resulting pasty

35 polymeric precipitates were collected and dried in
vacuo at 30°C.



heat ed under reduced pressure at 5-7 [err] for 30 26 hours, after which
It was cooled to provide an anber-col ored polylactic acid. This pol yner was
di ssolved in 1000 m of dichloro- nethane and the sol ution was poured in
warmwater at [err] with constant stirrirnd5S Fhe resulting pasty 35

pol yareric precipitates were collected and dried in vacuo at [err]. 35
The wei ght average nol ecul ar wei ght and nunber average nol ecul ar wei ght, as
determ ned by GPC, and the nunber average nol ecul ar, wei ght, as found by
end- group det er m nat TR vekahthavarage fplacriar %%&.,\&n@,Weg

3, 803; Fmd 258®Tefmaﬁd1%@a¥yar Wregiscfh td,atafs sd@uachliA Oﬂéti b;?esmj yaed tmlel )
term nal carbox roups. Reference Exanple r-nec as
equi pped Wi th &%/‘.md??:b_é)\i%rage dgﬁ]‘?ﬂf r %l’gﬁﬁﬁ %%ng%ﬁdoréﬁaes&gﬁ%éé with
182.5 g of ¢l yotéterminaittonl, 166. the atiod® [p@kylaktiyreidivasic? A00d: t he
char ge was. heat gd,a4ind e s ni trogen gas stream from
[err] rrm—ésto .[%'(rjsr?@' eén?#‘gg‘lfj%(?&hp%erﬁ od€16‘¥é1]3f5 hours, with the 15
distillate water beiBeeserdatatshiovedothat theookwrer dradi (eXmindhs

further heated Jpgdesvf gressure at 5-7 [err] for 26 hours, after
which it was cooled to provide an_anber-colored glycolic
aci d- 2- hydr oxybRE3erence | sXampLe \ Jer. 20 Thi s pol ynmer was di ssol ved

in 1000 m of dichl of01008tRBENEo@AChéEICed Of La sk Nedasipped reiith na val troat er
her & col 118t od PR GFieE PHPYLRES RndERTyt wae "ChhdolR KIRR Faf SHT L0 °S
nol ecul ar wei ghef giydelicnacitd anyd P65 .6fgtdE Debul+hydrokybetyric
aci d- 2- hydroxybylyhi gnd the charge was heated under reduced pressure
' iﬁ a nitrogen gas stream from 100°C/500 mmHg to
150°C/30 mmHg for a period of 3.5 hours, with the

15 distillate water being constantly removed. The
reaction mixture was further heated under reduced
pressure at 5-7 mmHg/150-180°C for 26 hours, after
which it was cooled to provide an amber-colored |
glycolic acid-2-hydroxybutyric acid copolymer.

20 This polymer was dissolved in 1000 ml of dichloro-
methane and the solution was poured in warm water at
60°C with constant stirring. The resulting pasty
polymeric precipitates were collected and dried in
vacuo at 25°C.

25 The weight average molecular weight, as determined
by GPC, of the resulting glycolic acid-2-~-hydroxybutyric
acid copolymer was 13,000.

Reference Example 6
A 1000 ml four-necked flask equipped with a nitro-

30 gen inlet pipe and condensor was charged with 197.7 g
_of glycolic acid and 145.8 g of D,L-2-hydroxybutyric
acid and the charge was heated under reduced pressure
in a nitrogen gas stream from 100°C/500 mmHg to
155°C/30 mmHg for a period of 4 hours, with the

35 distillate water being constantly removed. The
reaction mixture was further heated under reduqed



aci d copol yner was 13, 000. Reference Exanple 6 A 1000 nml four-necked fl ask
equi pped with a nitro- 30 gen inlet pipe and condensor was charged with
197.7 g of glycolic acid and 145.8 g of D, L-2-hydroxybutyric acid and the
charge was heated under réduced pressure 8§ a nitrogen gas stream from
[err} mmHg to [err] nmmHg for a period of 4 hours, with the 35 distillate
wat er being constantly renoved. The reaction nixture was further heated
under reduced 36 pressure at -3-6 [err] for 27 hours, after which it was
cool ed to proviphesaurmniad -3@ mm/gjwasemcﬁar ZTnynhtmsybtaﬁwen: aci d

copol yner. Thi %vﬁ@ﬂ'fﬁ:r wigs C‘Q(ﬁ%@ \{_.%V\g ‘;J_Q%O[ami{b 4 ° met hane

and the sol ution"was “poured 1 t h constant stirring.

The resul ting [gacplist W@d-&@m%ﬁmﬂ@l&erﬂ@ opalamesnd dri ed in

vacuo at [err]. Them 350 fma t d by
-GPC, of the resulting g ]1|c aC| -21h l?:(ey tlgﬁocooggf{ld%%po yrrer was
13, 000. Rdf er emeL@OEH BRI tHOIF @RS f#"aé‘!@@hdﬁ:ﬁﬁ?ﬁ%th a

nitro- gen inl egoag maﬁ%&mwgtm& nglar qek Wdduidihd ra

gl ycolic acid and 124, 9 o r ox butyrlc aci d charge was
heat ed under r RRIGERE "e‘-H’TFaé"#t %Ct %‘g‘?ﬁﬁ{ mHg to
[err] nmHg-for ¢a¢nﬁianjzﬁ°c&.5 hours, with the distillate-water being

constantly renoved. ' RN h '
reduced pressure at %{L‘vieelﬂ 1-'for (%“t;rfsgé{{ vﬁ#ﬁ?tf ea{ was éc?:"g%}fﬁe%fto
provi de a0 anbéry GRQr eaf dthe atesulising zmb;s;/mmﬁ;-lmd@mw
Th| s polymer wag.{j Sédﬂd/ﬁﬂnéf' w’lépq_jnoﬁ di chl or o-

Reference Ex le 7

A 1000 ml four-necked flask equipped with a nitro-
gen inlet pipe and condensor was charged with 212.9 g
15 of glycolic acid and 124.9 g of D,L-2-hydroxybutyric
acid and the charge was heated under reduced pressure
in a nitrogen gas stream from 100°C/500 mmHg to
160°C/30 mmHg for a period of 3.5 hours, with the
distillate -water being constantly removed. The
20 reaction mixture was further heated under reduced
pressure at 3-6 mmHg/160-180°C for 27 hours, after
which it was cooled to provide an amber-colored
glycolic acid-2-hydroxybutyric acid copolymer.
This polymer was dissolved in 1000 ml of dichloro-
25 methane and the solution was poured in warm water at
60°C with constant stirring. The resulting pasty
polymeric precipitates were collected and dried in
vacuo at 25°C. _
The weight avérage molecular weight, as- determined
30 by GPC, of the resulting glycolic'acid-z-hydroxybutyric
acid copolymer was 11,000.
Reference Example 8
" A 1000 ml four-necked flask equipped with a
nitrogen inlet pipe and condensor was charged with 300
35 g of 90% aqueous solution of D,L-lactic acid and 100 g
of 90% aqueous solution of L-lactic acid and the charge



25 met hane and the solution was poured in warmwater at [err] wth
const.ant stirring. The resulting pasty polyneric precipitates were
collected and dried in vacuo at [err]. The wei ght average nol ecul ar wei ght,
as determ ned 30 by GP¢, of the result] g_glycolic acid-2-hydroxybutyric
aci d=copol ynmer was 11, 000. Reference Exad% e 8 A 1000 m four-necked flask
equi pped with a n|trogen i nl et pipe and condensor was charged with 300 35

g of 90% aqueous solution of D L-lactic acid and 100 g of 90% aqueous

sol ution of L-|lagt heaehd il Beq ?%aaggres ur%hn \&aaﬂee@ge@l ager reduced

pressure in a nitrogen gas stream nn#%% [err] for a
period of 4 hogtzfrm frpm d08°C/580e eitohdPRg éﬁsﬁ@ﬁﬂlf°Feﬁbved The

reaction m xt uPex%a b Uhdbuyr wikBaichd dWideslladec paterepeing at 3-5 mig
and 150-1800C for 10 h urs, after which it mas coqled to rov de .an

anmber - col ored FORPLEAGLY Zemoveeh s THG Feac qﬁﬂ?qﬂ of
di fﬂ' or Orr;?)t h?n%teﬁ%@dt md%?hm&él&a rlé@slil% at \B&ll 5|llmﬁﬁlg anaatleso-axsd‘mr]
with constant stirrin e result pasty._po recipitates vere
col lected and d@Fed ¥ RS0 hL%hTﬁZ: && f‘%’mcj\\?gffo & wei ght
and nunber aveamyenﬂdomnﬂed’pm&mﬂﬁnxlasadaﬁarn1ned by GPC, and the 15

nunber average nol e I t nati on, of
t he above pol yl acti c&lﬁag d’%% f%% E@'lé%%}médeg' 2, ?lg'sggef(n ively. These
data showed t halichiensslerhanenand &he 59 “G&I%WS iy warmRef er ence

ggwgﬁdgﬁogoﬁﬁgh?rswﬁﬁeﬂ IcdristRdit A eid\ a Thd nRERLEIHEt pi pe
pasty polymeric precxpltates were collected and dried
in vacuo at 30°C.
The weight-average molecular weight and number
average molecular weight, as determined by GPC, and the
15 number average molecular weight, as found by end-group
determination, of the above. polylactic acid was 4,200;
2,192; and 1,572, respectively. '
These data showed that the polymer had terminal
carboxyl groups.
20 Reference Example 9 _
A 1000 ml four-necked flask equipped with a
nitrern inlet pipe and condensor was charged with
182.5 g of glycolic acid and 166.6 g of D,L-2~-
'hydroxybutyric acid and the charge was heated under
25 reduced pressure in a nitrogen gas stream from
100°C/500 mmHg to 150°C/30 mmHg for a period of 3. 5-
hour, with the dlstlllate water being constantly
removed. The reaction mixture was further heated under
reduced pressure at 5-7 mmHg and 150-180°C.for 32
30 hours, after which it was cooled to provide an amber-
colored glycolic acid-.2-hydroxybutyric acid copolymer.
The polymer was dissolved in 1,000 ml of
dichloromethane and the solution was poured in warm
water at 60°C with constant stirring. The resulting
35 pasty polymeric precipitates were collected and dried
in a vacuo at 25°C.



182.5 g of glycolic acid and 166.6 g of D, L-2- hydroxybutyric acid and the
charge was heated under 25 reduced pressure in a nitrogen gas stream
from[err] mHg to [err] myHg for a period of 3.5- hour, with the
distillate water being constantly renoved. The reaction mixture was further
heat ed under reduced pressure at 5-7 nmHg8nd [err] 32 30 hours, after
which it was cooled to provide an anber- colored glycolic

aci d- 2- hydroxybutyric acid copol ynmer. The polynmer was dissolved in 1,000 m
of dichl oronethane and the solution was poured in warmwater at [err] with
constant stirring. ¥he veightrayesage mﬁ£§F9156IVﬁéGFE ardcppmbeEes were

collected and diybed énmaléaﬁm&raﬁeight}-as detasminahebyegghn-agargag e
eter,m ne Yy ,

I I i ght b I i ght
ond the- nunber RHUBRE AVRBAGE HaL SGRLAR, VSLURF o\ AE - BYUBAILY, BOP-IZoup
detefnination,dgtgthﬂnatiuhniog ghgceoesunlatng glybolichadidxgbutyric acid
copol yner _was 0. : 2 I yel h t h d
Chat the ol ynEPaRaavPRFRERS 28500 coHPLgPERnEab LB Ya0l (878263 8nd 00

Synt hesi s Of_[énep4Lere$p§Btévehye Exanples 10 and 11 were carried out in
Aopl 1 cati on No. 07/ 0556, JBEE; Bnuet SRk Ehe" Bolmer Al Te BB gL "t o1
synt hesi zer wasazhaE¥1l195o8PsSP- Al a- NH-resi n (4- net hyl - benzohydr yl ani ne
resin), foll owgdsByeneauerhinplieaddi ti ons of am no acids per the follow ng
E%Bﬁgfzgﬁpﬁéofgag[fgxn%héggs 5 I%%c% Ra LB&SIBE t-Il)g(f’'allgger-NMe'.T.'yr}-'

DLys (AzaglyFur)-~Leu~Lys(Nisp)-Pro-DAlaNH,

‘Reference Examples 10 and 11 were carried out in
accordance with the description of US Patent No.
5,110,904 and US Patent Application No. 07/987,921.

15 To the reactor of a peptide synthesizer was added
1 g of D-Ala-NH-resin (4-methyl-benzohydrylamine |
resin), followed by sequential additions of amino acids
per the following synthesis procedure, to synthesize
the title peptide. |

20 1. Deprotecting reaction

To remove the protecting BOC group from the
peptide’s alpha amino acid, a solution consisting of
45% trifluoroacetic acid (hereinafter'aiso referred to
as TFA), 2.5% anisole, 2.0% dimethyl phosphite and

25 50.5% dichloromethane was used. After the resin was
pre-washed with the solution for 1 minute, a
deprotecting reaction was conducted for 20 minutes.

2. Washing with basic solution .

To remove and neutralize the trifluordacetic acid

30 used for deprotection, a dichloromethane solution
containing 10% N,N’-diisopropylethylamine was used.

The resin was washed for 1 minute three times for each -
deprotecting reaction.
3. Coupling reaction
35 A coupling reaction was carried out, using as
 activators a 3-fold molar amount of 0.3 M



To renove the protecting BOC group fromthe peptide's al pha amino acid, a
sol ution consisting of 45%trifluoroacetic acid (hereinafter also referred
to as TFA), 2}5@6anisole,:2 0% di et hyl phosphite and 25 50. 5%

di chl oronet hane was used. = After the re3|5b\mas pre-washed with the solution
for 1 minute, a deprotecting reaction was’tonducted for 20 mnutes. 2.
Washing with basic solution To renove and neutralize the trifluoroacetic.

acid 30 used for deprotection, a dichloronethane solution containing 10%
NN - di T sopr opy §LoK-Ag1ealRbd 17 del AE chisBmithales B8d ukdbon! a4l ©
three tines for eac r ot

ectlngureac fon. 3.  Coupling reaction
A coupl i ng r eadrferdn@elaz amoung Pf QainY §9CaéPF98téF§ 3-fold nDIar

amgunt 30]1: Pd?» U:erz.vatiig'e-/DMF Qmwméi&ﬁ:télthﬁlfbﬂ‘hﬁﬁﬁd aeqhb@am}ahanem@ ution
and a 0 nmol ar, anount _Q : am nqQ aci ative

(N, N - di net hyl BGHHIRES) AT9AR AGH Vﬁ@ & o &F© a%Sﬁ %5@F6aﬁgggcoupled to
the free & phaamino group @Eb&Meobe@h&dpephldaeomeshﬁ r eReactimact i on

ti mes are showy ,bel ow._ 4. i After conpletion of every reaction
process, the ré&pﬁqmﬁfqmggﬁﬁ%Péﬁ?%gﬁichIoronethane, 10
dichloronethane/DNF4and Mﬂéhﬁmmh for 1 mnute. Synthesis protoco

Am no- gr oup- pr ot ect 'E‘?:n@ﬁe%}g‘?@% %Qr‘é'ljye‘}sﬁ%ttz.% dégéﬁ gy Or der,
frequency and tine s b 3 m no amq?8

Frequency - ti mesin WHBOEHHhﬁd with dichlorometham@yes - 1 hour 2

BOC- Lys(NePsi |3%hloromethdnd/ifMF andl DM ol T AP¥lihute.

Synthes;s protocol
' Amino-group-protected amino acids were coupled to
the resin in the order, frequency and time shown below.

15
Order Amino acid - Frequency - time
1 BOC-Pro - 2 times - 1 hour
2 BOC-Lys (N-epsilon- 2 times - 1 hour
: bbz,isopropyl)
20 3 BOC-Leu 2 times - 1 hour
4 BOC-D-Lys 2 times - 1 hour
(N-epsilon-FMOC)
5 BOC-NMeTyr 2 times - 1 hour
(0-2,6-diCl-Bzl) |
25 6 BOC-Ser (OBzl) 2 times - 1 hour
7  BOC-D-3Pal 2 times - 6 hours
8  BOC-D-4ClPhe 2 times - 2 hours
9 BOC-D2Nal 2 times - 2 hours
10 Acetic acid 2 times- - 2 hours
30

After completion of the synthesis reaction, the
resin was treated with a 30% piperidine solution in DMF
for 4 to 24 hours to remove the protecting FMOC group.

. The resin was washed with dichloromethane several times
35 and then reacted with carbonyldiimidazole (0.9 g)
dissolved in DMF (18 ml) for 15 minutes and washed with



20 3 BOC Leu ' 2 times - 1 hour 4  BOC-D-Lys

2 tines - 1 hour (N-epsilon-FMOC) 5 BOC- NMeTyr 2 tines

- 1 hour (0-2,6-did-Bzl) 25 6 - BOC- Ser(0Bzl) 2 times
- 1 hour 7 BOC- D- 3Pal 2 A Nes - 6 hours 8 '
BOC- B- 4C Phe 2 times - 2 'ho‘m 3 BOC- D2Nall .

2 tines - 2 hours 10 Acetic acid 2 tinmes- - 2 hours 30

After conpletion of the synthesis reaction, the resin was treated with a

309% pi per | di ne gahi-ofhehalld thobe? cifiedd HeVEE WMICATIAE valde saehaRl i ng

FMOC group. The resin mas washe | or gmet hane sever.al tines 35
and then react &yexndg PBGﬁyﬁdﬁu#P&&zbwgrPGlgegﬁ°dﬁ§s€ﬂv9&sﬁﬁlﬂﬁ9 ars n)

f/\ﬁlrc#; {n\r,l\;t es pMrd (1ashad W trhe reﬁu‘.’n@]}ngd pe Eﬁ.éi@%@%&hevfahr %shleﬁed s, |af2| er
i S reac rn urol,c _hydrazi issol ve
in DMF (18 ni)WIfhegﬁﬁéﬁpF %ﬁkﬂgﬁﬁ'&é F&élﬁmﬁésaﬂggﬁgﬁam ﬁeﬁg) t hane
EC;fﬁlBhpeﬁa?Pefhbemc@'b&dpmmspherﬁs pepmex&deeoabrmhgbmhommxenemmmnhde
Lea

for 1 hour in t"t’l-‘ew‘érs ?ﬁ%&%‘;&r‘ﬁ?‘sé’?&% gre%(‘h &%@%&%&e romdtj%eq"lre[sﬂlr]-
;I'Eﬁseégtezfmragadmm mea:@ienoipm@?m%%r@ieaﬁadﬁt /ﬁ@cm ¢hedipephide 'ﬂdmm

rﬂ%'}é&% The 56{ V‘?%'& iWn! bRl waliketidvdeed at room

tenperature for m nutes I n a water/acetonitri]el/acetic acid
mixture (1:1:0.undemyaquum copditions .| t Thee thasokined qeHid Wad d an

unpuri fi ¢y pepidigasashdd Wit euiir, theh Riilréd Br rowas purified by
hi gh performance I qU| d chromat o%r aph HPLC) under ffn e foll ow ng

condi ti ons. (1)terReFFE Xl & acrons)

water/aceton;trlle/acetlc ac1d mixture (1:1:0.1) and
filtered. The filtrate was lyophilized to yield an
unpurified peptide as a fluffy powder. This peptide
15 was purified by high performance liquid chromatography
| (HPLC) under the following conditions.

(1) Column: Dynamax C-18 (25 x 2.5cm, 8 microns)

(2) Solvent: Acetonitrile ascending gradient over a 20-

_ minute period from 89% water/11% acetonitrile/0.1% TFA
20 (3) Detection wavelength: 260 nm (UV method)

The peptide detected as a singlé peak at 25.7
minutes retention time was collected and lyophilized to
yield a purified product of NAcD2Nal-D4ClPhe-D3Pal-Ser-
NMeTyr-DLys (AzaglyFur)-Leu-Lys (Nisp)-Pro-DAlaNH, as a

25 trifluorcacetate. Physical property data on the
purified product are as follows:

'FAB (fast atom bombardment, the same applies
below) mass spectrometry: m/e 1591 (M + H)'

Amino acid analysis: 0.98 Ala, 1.02 Pro; 1.58 Lys,

30 1.00 Leu, 1.12 NMeTyr, 0.52 Ser

The above trifluoroacetate of peptide was
converted to an acetate, using a gel filtration column
previously equilibrated with 1 N acetic acid. Gel
filtration conditions are as follows:

35' (1) Packing: Sephadex G-25 (column.inside
diameter 16 mm, packing bed height 40 mm)



. (2) Solvent: Acetonitrile gradient over a 20- mnute period from 89%

wat er,/ 11% acetonitril e/ 0.1% TFA 20 (3) Detection wavel ength: 260
nm (UWV net hod) The peptlde detected as a single peak at 25.7 minutes
retention tinme was collected and Iyophlllzed to yield a purified product of
[err]- [err] as a 25 trifluoroacetate€. ]Pﬁy5|cal property data on the
purified product are as follows: FAB (fast atom bonbardnent, the sane
applies below) mass spectronetry: nmle 1591 [err] Amino acid analysis: 0.98

Ala, 1.02 Pro, 1.58 0 L 1.12 N\VeTyr, 0.52 Ser The above
trifluoroacetate of B pt|§9Vﬁ8§°cgnve5#881Fo gﬁggcetate usi ng a gel

filtration colunn.pKéOloDet?ctanlwbvaiedguhth254hnaceUchathdd)Ge
filtration Cond't'Oﬁgeaﬁfaéﬁl§glb@“@he3 lrst eéuEQA)Reggcghgg Sephadex

G 25 (colum inside dianeter pac - 41 - (2)
Sol vent: 1 N af€ediecserdapd) 1E§P§éﬂ-ﬂ-6ﬁdw§9e1’éﬁé]ﬂha psmﬁnre@uprﬁéum;d) The

fraction gf thggf mabzﬁlaw-gdcm@ﬁﬁ-b@f:aiobéecmeg?ﬂdniﬁye@hhhk_ﬂ?@u -yl eld a

- purified product 5 err].as an acet ferenCe” Ex le 11

Synt hesi s of [&PP]-LDE@’eﬁ[E’égP RrOALENH2 133 (3R SR DA aNH2 10 The

title peptide vwager¥ntbeEkan 1bnlqhe same manner as in Reference Exanple
{0 575°e" The L covBrbaBLancE: MachRlesBsRiPResh Rel R E AT o e
was 16. 0 m nut eLysiPAgaglgNit) -LeupLyp¢NigpjaPaoeDALBNHpuri fi ed product are
as f0||09% ' The title peptide was synthesized in the same
manner as in Reference Example 10, except that 2-furocic
hydrazide was replaced with 2-nicotinic hydrazide
(0.575 g). The HPLC retention time of the purified
product thus obtained was 16.0 minutes. Physical
15 = property data on the purified product are as follows:
FAB mass spectrometry: m/e 1592 (M + H)'
Amino acid analysis: 1.02 Ala, 1.0l Pro, 1.61 Lys,
0.99 Leu, 1.12 NMeTyr, 0.48 Ser
The above trifluorocacetate of peptide was
20 converted to an acetate in the same manner as in
Reference Example 10. ' | |
Referencé Example 12
A 1000 ml four-necked flask equipped with a
- " nitrogen inlet pipe and condensor was charged with 322
25. g of 90% aqueous solution of D,L-lactic acid and 133 g
- of glycolic acid and using a mantle heater (So-go
Rikagaku Glass Co.), the charge was heated under
reduced pressure in a nitrogen stream from 1q0°C/500
mmHg to 150°C/30 mmHg for a period of 4 hours the
30 distillate water being constantly removed. The
‘reaction mixture was further heated under reduced
pressure at 3 - 30 mmHg/150 - 185°C for 23 hours, after
which it was cooled to provide'a lactic acid-glycolic
acid copolymer.
35 This polymer was dissolved in 1000 ml of dichloro-
methane and the solution was poured in warm water at

-



FAB mass spectronetry: me 1592 [err] Amno acid analysis: "'1.02 Ala, 1.01
Pro, 4.61 Lys, 0.99 Leu, 1.12 [err], 0.48 Ser The above trifl uoroacetate of
pepti de was 20 converted to an acetate in the same nmanner as in -
Reference Exanple 10. Reference Exanple 12 A 1000 m four-necked flask

equi pped with a nitrogen inlet pipe and” &hdensor was charged with 322 25

g of 90% aqueous solution of D, L-lactic acid and 133 g of glycolic acid and
using a mantl e heater (So-go R kagaku d ass Co.), the charge was heated
under reduced ESSUEL 4.1 Lirogen_stream mJlerrl. to [err] mrHg
for a period o?b4éh§%§§ ?ﬁgsgéﬁE gﬁ%EF%?Fate£§§t£%58£¥hﬁgcgﬁ§£8nt|y
renoved. The peiymeshcnpxegipitatesuwenerchilectiedndnd dededednpressure at
3 - 30 mHg/ 15Q eubehE] 300€.23 hours, after which it was cooled to provide
a lactic acid-g?ycollc aci d_copol ynmer. 35 Thi s pol ymer was

di ssol ved in 1000 nthefwaightop¥eragenmategndarnhweightt apd aumbgsured in
warm wat eg at averaga molletulaw BigRBSt a8t d&tbthingd BpecbesubhingnBasty
pol ynmeric precipitafes were colkectid and _dried in_vacyo ,at [err]. The

wei ght . aver ageNHBPEELRYPTAERAPLEABLAE WEight, ag,EruBd h¥ erdrgrowei ght,
asddeterniged aétﬁﬁﬁin&ﬁﬂo?beﬁﬁuﬁherfé#ﬁlﬁeﬁtnmheeﬂbg&cmﬂLqPYCoﬂiggound by
end-group determ.nation, of the re t Laghh¢ aci.d,ghyeol i c aci

copol yrer mereafb,068?°i¥886;wﬁﬁ8 ipob@p'résgégfie Py%’bﬁ§5e data showed

t hat the copol yespevtiveély. FThpskeydetahahowgdt thatnihecanpolyheygr waps.-

ReferencggExanBI ﬁégﬁérlﬁggiﬁbhEgEé%H§gfEg§§é§§5 SQHhBQ?d with a nitrogen

i nlet pi and ¢ sor. was arg
- Reference Example 1

A 1000 ml1 four-necked flask equipped with a
nitrogen inlet pipe and condensor was charged with 347
g of 90% aqueous solution of D,L-lactic acid and 266 g
15 of glycolic acid and using a mantle heater (So-go
Rikagaku Glass Co.), the charge was heated under
reduced pressure in a nitrogen stream from 100°C/500
mmHg to 150°C/30 mmHg for a period of 5 hours, with the
distillate water being constantly removed. The

20 reaction mixture was further heated under reduced
presure at 3 - 30 mmHg/150 - 185°C for 23 hours, after
which it was cooled to provide a lactic acid-glycolic
acid copolymer.

This polymer was dissolved in 1000 ml of dichloro-

25  methane and the solution was poured in warm water at
60°C with constant stirring. The resulting pasty
polymeric precipitates were collected and dried in vacuo at
30°C. _ '

The weight average molecular weight and number

30 average molecular weight, as determined by GPC, and the
number average molecular weight, as found by end-group
determination, of the resultant lactic acid-glycolic
acid copolymer were 10,000; 3,700; and 3,900,
respectively. These data showed that the copolymer was

35 a polymer having terminal carboxyl groups.

Example 1



g of 9096aqueous solution of DL-lactic acid and 266 g 15  of glycolic
acid.,and Using a mantle heater (So-go Ri kagaku dass Co.), the charge was .
heated under reduced pressure in a nitrogen streamfrom/[err] nmHg to [err]
mtg for a period of 5 hodrs, with the digiillate water being constantly
renoved. The 20 reaction nixture was fUfther heated under reduced
presure at 3 - 30 nmHg/ 150 - [err] for 23 hours, after which it was cool ed
to provide a lactic acid-glycolic acid copolyner. This polyner was

di ssol ved in 1000 Mhyohaeahinica phas n3paTesdRNRBIG-L by etRs pour od

in warmwater at [err] w_th constant stirrin The resu g ¥

pol yreric Fweunﬁﬁ%&ﬂkﬁ?km§§919ﬁ¥a§@beﬂm%hﬂfﬂF %He¢nb¥aﬁﬁ%' fé%?? t9%e

wei ght aver age JEH Gk IMirGRlE 1 &ofieglcafm wmﬂ Pepradenei ght
as determ ned by GPC, and the nu er average ecular s found by
end- group det e RASEEEE 10f200 aG - Has SsSsCdd |ad5@1§-'53-|

copol ymer grer e sl 530 Ghi xbufed; (:ﬂrmlg’s) Q&O,tlfeem%‘dl\w )acf&lase data showed

'I[EQZErp][ Qelcopol yhgg:{rox[y ﬁﬂﬁ%@(ﬁ}]’gp havi n%ﬁfer m % ﬁﬁ?&}y roups
her te:i?gf t g(r) 0r efmfamqﬂéd :58 ggild%fﬂne qmlgmmutﬂmgum lop tadinieds mepteﬁueh)ce
Sfeof t he gl yrc%"raé“ dl o ﬁ'gir gfaqusc(/)rn}&c) aci gcopérf#eeﬁ:%%%al ne(#élre (3.8
Ref gr gnce Exgrrmemﬂ]:tmr[q tslmlrmqn aws condied dislt AiTP€d and peugeshddtPxanpl e 1
I[grr] gafgour?da(?%%pf? £ @%wﬁ?f Hﬁéﬁ(ﬁl%lﬁugfuﬁlmﬁgl g? to
pol yvi nyl al cohi)lcq}EG- AECH ppdHenan HamtheatiamhamiGadySndnatsy, Co..
Ltd.) previously adjusted to 10°C and the mixture was
emulsified using a turbine homomixer at 7000 rpm to
prepare an O/W emulsion. This O/W emulsion was stirred
15 - at room temperature for 3 hours to evaporate the
dichloromethane. The o0il phase was solidified and col-
lected with a centrifuge (05PR-22, Hitachi, Ltd.) at
2000 rpm. This solid was redispersed in distilled
water and further centrlfuged to wash off the free drug
20 etc. The collected microcapsules were redispersed in a
small quantity of distilled water, followed by addition
of 0.3 g of D-mannitol and freeze-drying to provide a
powder. The particle size distribution and
physiologically active peptide A content of the
25 mlcrocapsules were 5 to 60 um and 4.7% (w/w),
respectively.

Preparations of the following physiologically
active peptides (1) and (2) were manufactured in the
same manner as above. - -

30 (1) NAcDZNal-D4C1Phe-D3Pal-Ser—NMeTyr-DLys(AzaglyNic)—
Leu-Lys (Nisp)-Pro-DAlaNH,
(2) NAcDZNal-D4C1Phe-D3Pal-Ser-NMeTyr-DLys(AzaglyFur)-
Leu-Lys(Nisp)~-Pro-DAlaNH, :
Example 2

35 In a solution of a 50:50 mixture (3.8 g) of the
glycolic acid-2-hydroxybutyric acid copolymer obtained



Ltd.) previously adjusted to [err] and the mixture was emulsified using a

t ur bi;ne honom xer at 7000 rpmto prepare an Q Wenul sion. This O Wenul sion
was stirred 15 at roomtenperature for 3 hours to evaporate the

di chl oronet hane. The oil phase was solidifi,ed and col- lected with a
centrifuge ([err] Htachi, Ltd.) at 2000 #6n1 This solid was redi spersed in
distilled water and further centrifuged to wash off the free drug 20

etc. The collected m crocapsul es were redispersed inasmll quantity of

distilled water, fg éf%gyE%%ié% ,.;gdq;gegp denai rejb a&sitamed

freeze-drying to provi rticl ution and
physi ol ogi cal | ylmcﬁ¢f/%f$m|%@¥ﬁ)n¥em Q)f" tgle(525° ml}n%? ocapsul es were 5

to 60 [err] andjficHofdMebhanéShestdyeiylvdd ePF0 aid OO shysDe1é@itQViNg

physi ol ogically active fides (1 mere nufactured | he sane
manner as aboveacBbve P%h§i$%p4]a %ﬁatferr hisg 1oRwas Coo eé

sol gt ion |0§ a Sf7 @ mc(ljtptb@ré@ :ﬁtogiomR 1?h%ﬂ|ac@11% &qmasbﬁs hsdmuﬂbutlyrl c
aci d copol ymer t ai pe n_Referen e.;5_an ylactic
aci d obt ai ned |%P i&¥&ﬁ¥;E&%ﬁ%ﬁ%i2p¥?W%9955Y(%%5&%#?doF°deh$o?@ﬁethane
was di ssol ved Zﬂmenmlxmupéynaslngeaaédyaacimvix$mm&edb o sprowide This

S0} i on vas cogi Sfodepdulcs| ol ile ARPOM EC L AL Ty ﬂi%naa&%l% agueous

sol ution of poI@ﬁ prev err] and the m xture
was treated as phyithQQEcallE @¢©¥V€ep%?%¥@%a@s@¢%§3nﬁh@ pBReicl e size

di'stributjgn ar&ﬁ;@?géagéaﬂésa&éfeasttaesﬂemlQﬂdﬁscw ewywpf the 10
m cr ocapsul es -were [err] and 0% respectlvery
respectively.

Example 3
In a solution of a 50:50 mixture (3.8 g) of the
glycolic acid-<2-hydroxybutyric acid copolymer obtained
15 in Reference Example 5 and the polylactic acid obtained
in Reference Example 3 in 6.7 g (5.0 ml) of
dichloromethane was dissolved 200 mg of physiologically
active peptide A acetate. This solution was cooled to
17°C and poured into 1000 ml of a 0.1% aqueous solution
20 of polyvinyl alcohol previously adjusted to 17°C and
the mixture was treated as in Example 1 to provide
microcapsules. The particle size distribution and
physiologically active peptide A content of the
microcapsules were 10 to 60 pm and 4.8% (w/w),
25 respectively.
Example 4 _

In a solution of a 50:50 mixture (3.8 g) of the
glycolic acid-2-hydroxybutyric acid copolymer obtained
in Reference Example 5 and the polylactic acid obtained

30 in Reference Example 4 in 6.7 g (5.0 ml) of |
dichloromethane was dissolved 200 mg of physiologically
activé peptide A acetate. This solution was cooled to
17°C and poured into 1000 m1 of a 0.1% aqueous solution
of polyvinyl alcohol previously adjusted to 17°C and

35 the mixture was treated as in Example 1 to provide
microcapsules. The particle size distribution and



Exanple 3 In a solution of a 50:50 m xture (3.8 g) of the glycolic

aci d-2- hydroxybutyric acid copol yner obtained 15 I n Reference Exanple 5
and the polylactic acid obtained in Reference Exanple 3 in 6.7 g (5.0 nl)

of dichl oromet hane was di ssol ved 200'ﬂl<1 phyS|oIog|caIIy active peptide A
acetate. This solution was cooled to [err]” and poured into 1000 m of a

0. 1% aqueous sol ution 20 of polyvinyl alcohol previously adjusted to
[err] and the mixture was treated as in Exanple 1 to provide m crocapsul es.

The particle SE};&S&?& mgrléu&gwaeﬁévah)sé @.!Laal ﬁabbﬁtaaw be maat i de A content

of the mcroca
respectively. E&&#ﬂpép§uﬂﬁsaw§§ﬁuﬂpoﬁ°of a“EOaBQ ﬁ\ ?uKH/PQ'S g) of the

gl ycolic acid- 2 Xyeakyric acid copol yner. obtai ned in Reference Exanple
5 and the polylac iﬁ agid obt ai ned 30 in Reference Exanple 4 in 6.7 g
(5.0 M) of di ane was di ssolved 200 ng of physiologically active

pepti de Asgacetate. T @ solution \ofs acG0l:60 mixitare] (3n@ pourodd thet o 1000
lerr] and 35 STIRELIE AR Bvaenrbiytyr i GBI BpBlvilst brtdiseed 1o
m cr ocapsul es. J.Thétqfanendee Egiamplé 6t einglutthen mlacumgm%lﬁ)}béﬁaé-lﬂ&ﬁ cally
t tid %&ﬁkﬁﬁh I t @£75 d 4.6%
?\(/:v/:/v;/e pepti e 4 I rrc%lf é;peprzoql_ziv,ossu0e§ V.G ;,g gf [err] an

respect [ ve

solutlon 0: 50 ture
(5 8 ) of Pt he dhapismamathane sas daARIRAS 200 Gl Ao B
Ref er encqﬁxam&lﬁr@?tﬁﬁl@m@l Worddte acnmdu.@otswmdmw% eforleel E:carrpl e 2

:Oﬂyg, 8| ggfﬁaﬁ n17) of pr})luorreo al’beoo ml dlfssolove& %%Qle sOfsolutJ.on
of polyvinyl alcohol previously adjusted to 10°C and
the mixture was treated as in Example 1 to provide
microcapsules. The particle size distribution and

15 physiologically active peptide A content of the
microcapsules were 5 to 60 um and 4.9% (w/w),
respectively. '

ample 6

In a solution of a 50:50 mixture (3.8 g) of the
20 glycolic acid-2-hydroxybutyric acid copolymer obtained
in Reference Example 7 and the polylactic acid obtained
in Reference Example 2 in 6.0 g (4.5 ml) of
dichloromethane was dissolved 200 mg of physiologically
active peptide A acetate. This solution was cooled to
25 17°C and poured intoc 1000 ml of a 0.1% agqueous solution
' of polyvihyl alcohol previously adjusted to 17°C and
the mixture was treated as in Example 1 to provide
microcapsules. The particle size distribution and
physiologically active peptide A content of the
30 | microcapsules were 10 to 65 um and 4.9% (w/w), respec-
tively. ' '
Example 7
In a solution of a 50:50 mixture (3.6 g) of the
glycolic acid.2-hydroxybutyric acid copolymer obtained
35 in Reference Example 9 and the polylactic acid obtained
in Reference Example 8 in 7.0 g (5.3 ml) of



10 active peptide A acetate. This solution was cooled to [err] and
poured into 1000 m of a 0.1% aqueous sol ution of polyvinyl alcohol
previously adjusted to [err] and the m xture was treated as in Exanple 1 to
provi de m crocapsul es. The' particle size distribution and 15
physi ol ogi cal |y active peptide A contemnt 46f =t he microcapsules were 5 to 60
[err] and 4.9% (W w), respectively. Exanple 6 In a solution of a 50:50
mxture (3.8 g) of the 20  glycolic acid-2-hydroxybutyric acid copol ymer
obt ai ned in Reference Exanpl e 7 and the polylactic acid obtained in
Ref er ence Exarfdt ’F?F‘%tlg;)‘be (RS digsotved (H O ek physikelegieal ied 200

erg of : phy]si ol gawﬁé @p‘%w@ et Eierd\ Ao Bd esoﬂxbtﬁorﬁ@f&%!é’éb!?& @?)Ol ed lto
err] an red.into 0 s_sol ution of polyviny

al cohol previ oh £9€ %’b‘ng‘?‘eﬁe‘?quogr r?y arfPJP ‘?T’é ea%%oqe S ERE g%‘nl n

Exanple 1 to pmbvpd.‘eyvdmybcahmﬁ@s pﬁ"émqnmlycﬁcejzsswd&ctﬂbmam and

P 55 [orf] andd BATHEd SfedOR ° 00 b0ielts 1, RSBEEPINRC, o &

'50:50 mixture mi.ac:ao@psnlme grlye@antmlel Qltgoﬁlﬁmbwl@na@ndi copol ymer
obt ai ned 35 *gs?]ltn £ 0 gg@i@egp@é\glag%p@&y{é&g_lgfa@hg obtained in

Ref erence Exa di chl or onet hane was
di ssol ved 400 %tFE?c§P®%4%§dﬂ?€%J$yt%c§5v%mp%$ﬁlae2¥\H@@the This sol ution
was cool ed to tespéceiveppured into 1,000 m of a 0.1% aqueous sol ution of

polyvinyg aIcoEoI Eievgously adjusted to [err] and 5 the m xture was

treated 19 , to provide mcrocapsul es. The particle size

di.stribution and ph240 ahpodfathy acetate peptNAeDZNZD+D4CLPlé-DIPal-
Ser-NMeTyr-DLys (AzaglyNic)-Leu-Lys (Nisp)-Pro-DAlaNH,
(hereinafter referred to briefly as physiologically
active peptide B) obtained in Reference Example 11 was

15 dissolved in a solution of a 50:50 mixture (1.76 g) of
the glycolic acid-:2-hydroxybutyric acid eopolymer
obtained in Reference Exampie 9 and the polylactic acid
obtained in Reference Example 8 in 3.2 g (2.4 ml) of
dichloromethane. The resulting solution was cooled to

20 18°C and poured into 400 ml of a 0.1% aqueous solution of
polyvinyl alcohol previously adjusted to 16°C and the
mixture was treated as in Example 1, to provide

| microcapsules. The particle size distribution and

physiologically active peptide B content of the

25 microcapsules were 5 to 70 um and 10.3% (w/w),
respectively.
Example 9

240 mg of the acetate of NAcD2Nal-D4ClPhe-D3Pal-

Ser-NMeTyr-DLys(AzaglyFur)-Leu-Lys(Nisp)-Pro;DAlaNHz

30 (heteinafter referred to briefly as physiologically
active peptide C) obtained in Reference Example 10 was
dissolved in a solution of a 50:50 mixture (1.76 g) of
the glycolic acid-.2-hydroxybutyric acid copolymer
obtained in Reference Example 9 and the polylactic acid

35 obtained in Reference Example 8 in 3.2 g (2.4 ml) of

' dichloromethane. The resulting solution was cooled to



m crocapsul es were 5 to 65 [err] and 7.2% (w w), respectively. 10

Exanpte 8 240 ng of the acetate of [err] [err] (hereinafter referred to
briefly as physiologically active peptide B) obt ai ned in Reference Exanple
11 was 15 di ssolved in 4 solution of a 50:50 mixture (1.76 g) of the

gl ycofic acid 2-hydroxybutyric acid copoF@ 7 obtained in Reference Exanple
9 and the polylactic acid obtained in Reference Exanple 8 in 3.2 g (2.4 m)
of dichl oromethane. The resulting solution was cooled to 20 [err] and

poured into 40 a 9 S NAO V|n aIc al

previ ously adjggggdgpd Fg %ﬁ%g%%?ghg W? % g i% ?géfgﬁ ?o}ﬁ E?&nﬁ?e 1,
to provide ni cpedypdnydsalrhbopapreviiousiyeadijssteutpodb8fdand the

Physi ol ogi cal | %:g¢hike,RBPtrdgcEacaat ¢a! EQB.E?'?L@ 22 o, ewaapsu' es were 5

to 70 [err] 10. 3% (wW.w), respecti vel of the acetate
of [err] [err[meGr°°aPﬁB#§§nafFEP PéF§#F g FézBrﬁéﬁpleBtbﬁysﬁBﬂoglcaIIy

active pestldegﬁysaa agiedlil E@EgbéngépElaprecéﬁt@ﬁﬁ GES%abved in a
solution of a mxtyre (1.76 é of olic a0|§ - hydr oxybutyric

C
aci d copolynerm&SFQFﬁBéu RSR¥EZPeAc °E§§nﬁﬂeg§é 8 -BRe (WM Iracti c acid 35
obtai ned in Refrespeetieagple 8 in 3.2 g (2.4 m) of dichloronethane. The

resul ting solu%lon ﬁf asooled to - 47 - [err] and poured into 400 m of

a 0. 1% aqueous f pol yvinyl al cohol previously adjusted to [err]
and t he m xture was N-Te&rattydsofnrE2anyleGly-D@Npieditdd PhieeD3Pais-Sexrs. The

particle g ze ghiainibih 2 n09 -Beu-1hXRi8p9dbeaLbK1aRE, Ve Peptide C

cont ent o
(Manufactured by TAP; hereinafter referred to briefly

'as physiologically activepeptide D) acetate [FAB mass
spectrometry: m/e 1647 (M + H)'], 240 mg, was dissolved
in a solution of a 50:50 mixture (1.76 g) of the

15 glycolic acid-2-hydroxybutyric acid copolymer obtained
in Reference Example 9 and the polylactic acid cbtained
in Reference Example 8 in 3.2 g (2.4 ml) of
dichloromethéne. The resulting solution was cooled to

-18°C and ﬁoured intc400 ml of a 0.1% aqueous solution of

20 polyvinyl alcohol previously adjusted to 16°C and the
mixture was treated as in Example 1 to provide
microcapsules. The particle size distribution and
physiologically active peptide D content of the

microcapsules were 5 to 70 um and 10.5% (w/w),

25 respectively. -

' Example 11 :

200 mg of physiologically active peptide A acetate
was added and dissolved in a solution of a lactic acid-
glycolic acid copolymer (lactic acid/glycolié acid =

30 75/25 (mole %), GPC weight average mol. wt. = 5,000,

- GPC number average mol. wt. = 2,000, number average
mol. wt. by end-group determination = 2,200;
manufacturer; Wako Pure Chemical (Lot. 920729)) in 5.3
g (4.0 ml) of dichloromethane. The resulting solution

35 was cooled to 17°C and poured into1000 ml of a 0.1%
aqueous solution of polyvinyl alcohol (EG-40, Nippon



nicrobapsules were 5 to 65 [err] and 10.9% (w w), respectlvely Exanpl e 10

N- Tet,r ahydr of ur - 2- oyl - @ y- D2Nal - D4Cl Phe- D3Pal - Ser- 10 [err]
(Manufactured by TAP; hereinafter referred to briefly as physiologically
activepeptide D) acetate [ FAB mass spectrometry: nie 1647 (M+ H) ], 240

ng, was dissolved in a solution of a 50 m xture (1.76 g) of the 15
gl ycol i ¢ aci d-2-hydroxybutyric acid copol yner obtained in Reference Exanple
9 and the polylactic acid obtained in Reference Exanple 8 in 3.2 g (2.4 m)

T ot BhEnet e ERSHILATOLRRLULLDNCHAS £041 UpkayhEhblgand pour ed

geous sol utron o .
previ ousl y adj adjedted Fer1F°§ndndh§h#1m&utﬁrﬁayaﬁréaﬂéﬂlﬁéeﬂnuEﬁﬁﬁpPe 1to

provi de ”‘CrOC%B§BEﬁ§ mlIQ? aerbbﬁberghzeodpiébaéataanoawdeﬂbxghehoglcalIy
active peptide cont ent he m crocCapsul es were &err and _10. 5%

(Ww, 25 rprécp/WéﬁvulE%aﬁpWle§tQGGeﬁga&frBﬁVsFSPEQFE prg SO v
peptide A acetﬁbﬁr@a%oaé@aéoéaéedtﬁ§031eﬁ1b&oae&ﬁhuélonmné alua haeeaCId-

glycolic aC|d copol yner, (l.actic aC| cid 30 E le 9,
GPC wei ght aveWa§e SRaid l%ﬁe d_and(6e.; I%Péeau & 8v8F&§€l#BHe =2, 000,

nunber aver age 22! giwachh: a&dZQOOUQpﬁetemhnsaebamd—waszQedlspau%edturer

esul ting so uiFbRissI1leshaazsk and Jutsher santrsiRusd BE,VEBR0oAt of a
0. 1% aqueous saﬂmﬂlﬂneeoﬂrpqiﬁtcnylThbcchdﬂe@Eed4m;cmpppp§ules.wage. :
Syt et e St BB 45k spbid. bl 5is cagiTed Wacketr] and (e
emul si on. followed by addxtzon of 0.3 g of D-mannitol and freeze-
drying to provide a powder. The particle size
distribution and physiologically active peptide A
content of the microcapsules were S to 60 um and 4.7%
15 (w/w), respectively. '

Sustained-release preparation of the following
peptides (1) and (2) are produced in the same manner as
above. -

(1) Physiologically active peptide B acetate
20 (2) Physiologically active peptide C acetate
Example 12

200 mg of physiologically actlve peptide A acetate
was added and dissolved in a solution of 3.8 g of a
lactic acid-glycolic copolymer (lactic acid/glycolic

25 acid = 75/25 (mole %), GPC weight average mol. wt. =
10,000, GPC number average mol. wt. = 4;400, number -
average mol. wt. by end-group determination = 4,300;
manufacturer; Wako Pure Chemical (Lot. 880530)) in 6.7
g (5.0 ml) of dichloromethane. The resultin§ solution

30 was cooled to 17°C and poﬁred into 1000 ml1 of a 0.1%
aqueous solution of polyvinyl alcohol previously
adjusted to 11°C. Thereafter, the procedure of Example
11 was repeated to provide microcapsules. The particle
size distribution and physiologically active peptide A

35 content of the mlcrocapsules were 5 to 65 um and 4.5%
(w/w), respectively.



This O Wenulsion was stirred at roomtenperature for 3 5 hours to
evaporate the dichloronmethane. The oil phase was solidified and collected
with a centrifuge (05PR- 22, Hitachi) at 2000 rpm This solid was _
redi spersed in distilled water and furtheggcentrifuged to wash off the free
~drug ®tc. The collected m crocapsul es were 10 redi spersed in a small
quantity of distilled water, followed by addition of 0.3 g of D nmannitol
and freeze- drying to provide a powder. The particle size distribution and
physi ol ogi cal | yExghpVe p®ptide A content of the m crocapsules were 5 to 60
[err] and 4.7% 15 W), respectiively. stalned-rel ease preparatjon of
the fol | owi ng pepti d%édvlér&% %écpﬁf)lﬁl%%g%(f%ﬁtj%e%c?ﬁv? SR erén%é?gﬁée
above. (1) Physwasodisstlvyedicin e sehitien Bécehata@fic ad¢id~glycolic '
Physi ol ogi cal | y i | de t &, RSFRL o

physi ol ogi cal | yag% ic\\'[/_se.pp #%eoﬁc%%g%@ét%was ad%é%gagn’ggﬁﬁg@éesoi%éd%% EY
solution of 3.8lmy &i0ag] 6&t onhyief dichloromepinyeer Thacréesubtinggl ycolic
25 acid = 75 R csFeded X . = 000 C
nunber aver age éfr%?uﬂv\?ﬁev;a%%foo %ﬁgsggg?%@wﬁﬁ E?/égn_?g?%%
det er mi nati on =0 4lB0aIuerpsfeRivkion R viEnyherdechol (PXevieswsky)) in
6.7 g (5.0 M) &djesedd OEONEL h@Ne. THEWed 6t | | Fife SPEoteDIr8lof EX@RpEao! ed
to [err] and pogied into 1000, of a 0,1% aqueous sol uti on, of gollé;nyl

al cohol  pr evi oubt yWaR TRREACED FrPFOVIGR MBLEFRTAPTHELS, o R BB L&k e p e
11 was rep@at edsize pdibstxicbutiomcapd wlepsidhegically | actsive peptidéuAi on

nere s to 6a ] Sontelt! ot HRS W$°%£%é%%? SRFEEns €0 445 ARG O
Y. :

(w/w), respective

Example 14
400 mg of physiologically active peptide A acetate
15 was dissolved in a solution of the lactic acid-glycolic

acid copolymer obtained in Reference Example 13, 3.6 g,
in 8.0 g (6.0 ml) of dichloromethane. The resulting
solution was cooled to 15°C and poured iito 1000 ml of a
0.1% agqueous solution of polyvinyl alcohol'previously'

20 adjusted to 15°C. Thereafter, the procedure of Example
11 was repeated to provide microcapsules. The particle
size distribution and physiologically active peptide A
content of the microcapsules were 5 to 65 um and 8.4%
(w/w), respectively.

25 Example 15

- Leuprolerin acetate (manufacturer: Takeda Chemical

Industries), 400 mg, was added to a solution of the
same lactic acid-glycolic acid'copolymer as used in
Example 12, 3.6 g, in 8.0 g (60 ml) of dichloromethane

30 to prepare a clear homogeneous solution. The resulting
solution was cooled to 15°C and'poured into 1000 ml of a
0.1% aqueous solution of polyvinyl alcohol previously
adjusted to iSdC. Thereafter, the procedure of Example
11 was repeated to provide microcapsules.

35 Experimental Example 1
About 30 mg of the microcapsules obtained in



400 ng of physiologically active peptide A acetate was di ssolved in a
sol ut.ion of the lactic acid-glycolic acid copolyner obtained in Reference
Example 12, 3.6 g, 5 in 809 (6.0 mM) of dichloronethane. The
“resulting solution was co6led to [err] and poured into 1000 ml of a 0.1%
aqueous sol ution of polyvinyl alcohol prebPously adjusted to [err].
Thereafter, the procedure of Exanple 11 was repeated to provide
m crocapsul es. The particle 10 size distribution and physiologically
active peptide A coq{ent of the mcrocapsules were 5 to 65 Jerr]. and 8.2%
(WWw, respecti 1 werqdifinersad 4dp arflistpessianmsg t]yﬂactrve
pepéI i dfa A iacet adcldtion oB2 & g:fg)ldmed:arboa:f v tiH mMuMweJ asiy Q:é of
acid-glycolic acr 0 i n Refer g, in

(60m)%‘? %%%%?%qm‘éﬁ d‘fat”r"ﬁ&'@t) r%?%ésl%fgoredto
[err] and pour ecatertp &ridChe d:fs;mﬁ:.’k% afe dirsjectiad | subadtgrdons
al cohol previ ousl,y, t r{l eafter. the ure of
Exanpl e 1f?was ?gdgﬁgIE“F?QH$§§F3“§%$%$6£a i§§ rﬁﬁf %ﬁ ‘£ gﬁg
di stribution amegtlsi(dtheyideddge efcricreoanseps r@eéwwntent of t he
M Crocapsul es 1R 1 1p Dhd ik AU g TEARECINE! Y- 25

ma

Exanpl e 15 Leuprolerrn acetate nuf act ur er” Chenrcal [ ndustries),
400 ngy, was addRFELicady fkherenants W%qqaepsa&%ﬁ Jrexe| taker d

copol yrrer as usigk lfrdixam& adiinisthrdbidl $htk AridHE )adurtt ¥ ofipgret hane

_ epar plear eneous sol ution. The requtrn sol uti on was
cool ed t oﬁ{ er r] J&FW(?GLW rﬂeQﬁlqca)F @ 1o e e SR
pol yvi nyl al colwds pdenemnsiqd.adjm aredul {erade sHowreald ePabldiel procedure
of Exanple 11 LR RS B crocapsul es. 35 Experi nent al

Exanpl e 1 About es obtained in
: Using the microcapsules obtained in Examples 2 to

6, the residual amounts of the physiologically active

15 peptide A in the microcapsules were determined as in
Experimental Example 1. Thé results are also shown in
Table 1.

Table 1

Residue of physiologically éCtive peptide A(ZX)
Day Week | Week | Week | Week | Week | Week | Week

1 1l 2 3 4 5 6 .8
20 Experimental | 88.0| 66.5| 42.3! 15.2
Example 1
- Experimental 92.8 76.6 62.6 48.7 38.6 26.5
Example 2 : :
25
Experimental 96.5 90.5 77.5 64.9 59.2 46.9 | 38.7 20.3
Example 3 ' '
. Experimental 99.4 94.5 87.2 76.3 66.0 - =-146.6 30.7
30 Example & . _ | -
Experimental | 92.9 | 75.0| 45.7 -1 17.5
Example S '
35 Experimental | 92.3| 61.3| 33.5| 6.4
Example 6

It is apparent from Table 1 that all the micro-
40 capsules according to the present invention are
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ng of, carboxynethylcellulose

nannltol

Exanple 1 were dispersed in a dispersion nmedium (a sol ution of 2.5
0.5 ng of polysorbate 80 and 25 ng of
in distilled water) and the di spersion was injected subcutaneously

5 in the back of 10-wéek-old male SD rats using a 22G needl e (the

dosage of mi crocapsul es was 60ng/ kg) .
rats were sacrificed,

peptide Aint

Serbdlty after administration,
the remmants of m crocapsul es were taken out fronlthe
adm ni stration site and the anount of the 10

the-

physi ol ogi cal ly active

mas detern1ned The results are shown in

crocapsu
Tabl e 1. Experl‘ﬁﬁﬁaﬁ %&?ﬁi ntdaliy G FedLaif Qfhed in
Exanples 2 to phytdio Iogdicdldly mwes t*uhﬁe phYys | Ot © Qinehdr] ghardbterised 15

peptide Ain th HeTo¥Te) dete ed as in Experinmental Exanple
1. The results re glso sﬁgaﬁ Fé”T’£4 € 1 Residue of

Week

\%yii (i)l ogi citl |y act iBablpe@ |31qu @%n&&ke@@simﬂodm V‘téelk peex
e eri nent a .
66.5 42.3 15.c2°%<eélr?i§:lle pfekr"ucr?frﬁfkﬁ ag’éisre]‘?%%o Pe?f%d%%)ls 7 38.6 26.5

Exanpl e 2 25 BEqediquikanes aS96<-9nt§;®pt7wlaclvs4ve;e spterminesi Jyr the(. 3

Exanpl e 3 Exper Mrﬁiresg%e‘kcﬂ‘bé J§17 M"eth%ﬁls?‘ o@@.LQJassay %&h@&i 30
Exanpl e 4 Exper|

Experi nment al

that all the mgy @140

oy Ahign Fakuma, Tokyp Hriarsigy Fuesey a5 1 b Srabl ¢ 1

capsul es according to the present

i nvention are

10 - Table 2
Weight Linear regression model Corzalation | Release
average coefficient | peried
molecular (waeks)
weight of
polylactic
acid
Experimental 3000 Residue (1) = (R%= 3.5°
Example 1 95.4-(26.9 x no. of weeks) 0.992)
15
' Experimental 5000 Residue (1) = (R?= 6.6
Example 2 94.4-(14.2 x no. of weeks) 0.975)
Experimental | 7500 | Residue (2) = (RZ= 9.8
20 Example 3 | 98.4-(10.0 x no. of weeks) 0.996)
Experimental | 9000 | Residue (Z) = (Rz= | 11.5
Example 4 102.1-(8.9 x no. of weeks) 0.995)
25
It is apparent from Table 2 that by varying the
weight average molecular weight of polylactic acid to
be blended with glycolic acid-2-hydroxybutyric
- copolymer, the duration of release can be freely
30 controlled within the range of about 3.5 weeks to about
11.5 weeks.
Table 3 shows the linear regression models,
correlation coefficients and release periods as X-
. intercept which were determined from the data in Table
35

1 by the same procedures as used in Table 2.



- 51 - characterized by substantially constant

rel ease of physiologically

active peptide and are further characterised by being substantially free

froman initial burst.

correlation coefficients,

(aut hored by Akira Sakuma, Tokyo University Press,
regressi on nodel

10
aver age

Tabl e 2 Wi ght

Tabl e 2 shows the linear

regressi on

nodel s,

5

‘and rel ease periods cal cul ated as X-intercept
whi ch were determ ned by the procedures-dé&Xxr bed i n Met hods of Bi oassay

Li near

coefficient period nolscul ar

June ‘5, 1978, p. 111).
Correl ati on Rel ease

(weeks) wei ght ofaBbeyBactic acid Experinental - 3000 Residue (% =
[err] Exanple 1 95.4-(26.9 x no. of weeks) 0.992) Experinenta
5000 Resi due = - errl . . 0 CXanpte. 2
94.4-(14.2 x ng. of g’ék fa"t‘G?‘Q":ﬁS Evéﬁéﬂ' rFéﬁF%?sm“%l Rém( /{:i}:;‘
[err] 9.8 20 I‘"éla:?"d in 98.4-(10.0 x no. pf weeks)| (wesks)
0.996) Exp?ri mgnt al g° J'clfé‘é‘rdee (% = [err] 11.5
Exanpl e 4 102 1SBOCENSY b of weeks) 0 00m) 2K It js ghparent
from Table 2 thatxﬁaymaftylnl\geahe wWeRr@diduaveryage nol ecul ar pei ghte of | 6.6
pol yl actic aci d ExampEe g ended wi t h| ghyrqliicz achel: 2£hysbkexypuloysr9
copol yner, the |[durati-on of fel ease|lcan be freely 30 confrolled wthin
t he rangel®f aboExpeBidentetks650 abpResikdhe5(Ieeks. Tabl e 3 phowr?4 hel |l kpear
T egressi on nodel Bxampde riel at) on coef BbcT-€R0s6 andor eifeweekspef i 0ds76)s K-
I ntercept which were determyned frpmthe data in Table 35 1 by tpe sane
procedures as usExberimepable| 20X Residue (Z) = (R%= 3.1
Example 6 96.6-(30.9 x no. of weeks) 0.994)
15 '
It is apparent from Table 3 that by wvarying the

mole fraction of glycolic acid in the glycolic acid-2-

20 hydroxybutyric acid copolymer to be blended with
polylactic acid, the duration of release can be freely
controlled within the range of about 3.1 weeks to about
6.6 weeks.

Experimental Examples 7 - 9

25 Using the microcapsules obtained in Examples 7 to
9, the residual amounts of the physiologically active
peptide in the microcapsules were determined as in
Experimental Example 1, except that the microcapsule
dose was about 30 mg/kg. The results are shown in

30 Table 4. Table 5 shows the linear regression models,

correlation coefficients and release periods calculated
as X-intercepts, which were determined from the data in
Table 4 by the same procedure as used in Table 2.



52 Table 3 Ml e fraction of Li near regression nodel Correl ation

Rel ease glycolic acid in , coefficient period 5
gl ycolic acid copol yner Experl ment aI 60% Resi due (% =

[err] 6.6 Exanple 2 94.4-(14.2 x no. of weeks) 0.975) 10
Experi mental 65% Resi due (2) - - 53 - [err] ~ 4.6 Exanple 5
95.7-(20.6 x no. of weeks) 0.976) Experinmental 70% Resi due (% -
[err] 3.1 Exarrple 6 96.6-(30.9 x no. of weeks) 0.994) 15 It

I s appar ent fro% e 3 that by varying the nole fraction of glycolic acid
I'n the glycolic hydr oxybutyric acid copol ynmer to be bl ended
wi th polylacti¢ acid r at e can be treely_controlTeq
Wlthlﬁ t%e r ange—af nhnRFSJ‘fP é%gzs’r%%%ﬁéﬁl’ Cﬁq‘iiaﬂ??“e‘&(?ﬁ&h pent al
Exanples 7 - 9|25 Us| py4ilteofidal bcapslil es ¢bt ai neéd isn Bxanpleg 7 to
9, the residuall anbunts _of t 1e1p}13§§tg}@g Qﬁ|y|_ waek | tReReNiedRs 1| Nwedia
m cr ocapsul es s T Exper et at Eanpt e T exqept—tiat t he
m crocapsul e dosExpesingntak B0 ny/4«g. Thp9Peklil7ts5 gr &l dhqwdd it [3@4.1 Tabl e
4. Tabl e shows 5598P1¢ dear | regression fiodel $. correl atilon codfficients

and rel ease pe ted as K-inte , c e dr gened {f rom
: [Lle E‘;&ﬂeﬁ%@ g :%?PI 573\3@ le'abl 3geat IE-S'ES

the data in Ta sqne procedur P as

Tabl e 4 Resi dug—ef T 1yStoro9 <ot r7 acttve et e
Experimental c 89.4 | 73.6 54.9 '37.7 23.4%
Example 9 .
10
‘Table 5
Physiologic Linear Correlation | Release
ally active regression Coefficient | period
Peptide model (weeks)
Experimental A Residue () = (R? = 4.9
15 ‘Example 7 97.8-(20.1 x 0.975)
no.of weeks) '
Experimental | B Residue () = (R? = . 5.0
Example 8 93.5-(18.6 x |  0.971)
no.of weeks)
Experimental C | Residue (2) = (? = 4.9
Example 9 94.4-(18.5 x 0.987)
no.of weeks)
20
It is apparent from Tables 4 and 5 that the
microcapsules according to the present invention are '
characterized by substantially constant release of
physiologically active peptideand are further characterised
25 - by being substantially free frdm an initial burst.

.Exger:.mental Example 10
Using the microcapsules obtained in Example 10,

the residual amounts of the physiologically active
peptide in the microcapsules were determined as in

30 Experimental Example 7. The results are shown in Table
6. Table 7 shows the linear regression models, '
correlation coefficients and release periods calculated
as X-intercepts, which were determined from the data in
Table 6 by the same procedure as used in Table 2.



Physiologica 1 1 2 3 - 4 |ly active Day Week Weeks

Weeks Weeks Experinental A 99.3 74.5 51.4 33.2 24.1 5
Exanpl e 7 Experi nment al X B 87.4 75.0 52.3 32.8 25.1 Exanpl e
8 Experi nent al c 89.4 73.6 24 9 37.7 23.4 Exanple 9 10
Tabl e 5 Physi ol ogi ¢ Li near - Cbrrera§|on Rel ease ally active

regr essi on Coefficient period Peptide nodel

(weeks) Experi nental A Resi due (% = [err] 4.9 15
Exanple 7 ‘Table 6 97.8-(20.1 x 0.975) no.of weeks) Experinental -
B Resi due (%:: [err] 5.0 Exanple 8 93, 5-(18.6 x
0.971) no.of weeks) Experinent err]

4.9 Exanple 9 | R"isf'?&e gfpgg{fﬁ%}g%%a%f av‘%é&'s% PO It i
apparent from Tables 4 and 5 et re—hrCtr-orapsureS accoraymyg—t o

t he-present invention are ch raE5er z oeetky :uﬁeekntlaMQch%nﬂeeht rel ease
of physiologicdlly active peptideang ard furtheR cHarac3erijsed4 25 by

bei ng substanti|al | free fro n| rs p
Using the mcrd nJIdIFéﬁ% g:g
physi ol ogi cal |y R&?;ﬂ;nl “aﬁg es

7 pIe 10
I ﬁ ts of the
1 ned as in
30 Exper i merr—a—Exanple—r T““ .“SL!IS By

shows the 1i near %ﬁgg S|on nDdeIs correlation coefficients and rel ease
peri ods calculaﬁ% S X-intercepts, mhlch wer e detern1ned fromthe data in

Tabl e 6 by the (sare—procetyre—as—tsed—r—Feaite—2-

Linear regression model | Correlation | Release
coefficient | periods

(weeks)
Ex'periméntal ‘Residue () = (R? = 3.9
10 Example 10 95.0 - (24.1 x no. of 0.969) _
weeks)

It is apparent from Tables 6 and 7 that the
microcapsules according to the present invention are
characterized by substantially constant release of

15 physiologically active peptide and are further characterised
by being Substantially free from an initial burst.
Experimental Example 11

‘About 30 mg of the microcapsules obtained in

Example 11 were dispersed in 0.5 ml of a dispersion

20 ' medium (prepared by dissolving carboxymethylcellulose
(2.5 mg), polysorbate 80 (0.5 mg) and mannitol (25 mg)
in distilled water) and, the dispersion was injected
subcutaneously at the back of 10-week-old male SD rats
using a 22G needle (the dosage as microcapsules 60

25 mg/kg). Serially after administration, the rats were
sacrificed, the remains of microcapsules were taken out
from the administration site and the amount of the
physiologically active peptide A in the microcapsules
was determined. The results are shown in Table 8.

30 Experimental Example 12

Using the microcapsules obtained in Example 12,
the procedure of Experimental Example 11 was otherwise
repeated and the residue of physiologically active



- 54 - Table 6 Residue of physiologically active peptide D.(Wb Day

Week
Week . Week Week 1 2 3 4 Experinmental [err] [err]
[err] [err] [err] Exanple 10 0.5 3.6 - 1.6 1.4 0.5 5
Tabl e 7 Linear regression nodel Correl at is@n _Rel ease coefficient periods
(weeks) Experinental Residue (%9 = [err] 3.9 10
Exanpl e 10 95.0 - (24.1 x no. of 0.969) weeks) It is apparent from
Tables 6 and 7 that the m crocapsul es according to the present invention

are characteri zgdpPyds UDShaddsddyefONSIRI ré S PES 2R difown in Table
physi ol ogi cal | y_active peptide and are further characterised by being

substantially f8ee froman initial burst. Experinental Exanple 11 About 30
mg of the m cr cEgpstimenidl aExembler FXanple 11 were dispersed in 0.5 m of

a di spersion 20 jum (prepared b | ssolwving carboxynet hyl cell ul ose
(2.5 my), polysorbagigﬁ%g(_.?ié&ﬁr%ﬁﬁaéé#ﬁﬁt%ﬁéTé%féEﬁn?%xiwg¥?lféd wat er)
and, the df spershenpreceduyectfdExpaxinemeali sExanple hkl beas othépwisek- ol d
male SD rats usj : S ] e 5

mo/kg). Serial #%%@%i%ﬂ%i*%%%f%‘%‘ifﬁipﬁiﬁf&é%@% fritve the
remai ns of mni crpeBph W9 ca33%k¥ed out The oreswbt s darei showmi &n Babdeand
the amount of tge physiol ogically active peptide A in the mcrocapsul es was

determined. The results are shown in_ Table 8. 30 Experi mental Exanple 12
Usi ng the mi cr oeBRSLLBeN R LRI Exanpl e 12,
10 Using the microcapsules obtained in Example 14,

the procedure of Experimental Example 11 was otherwise
repeated and the residue of physiologically active

peptide A was assayed. The results are shown in Table

_ 8.
15 'Table 8
Residue of physiologically active peptide
A (%)
Day Week | Week | Week | Week | Week | Week
1 1 2 3 4 6 8
Experimental 82.8 | 21.8 - - - - -
Example 11
20 Experimental 96.7191.7179.5169.2]59.2 - 22.8
' Example 12
) Experimental | 100.0 | 84.3|43.9( 31.9 - - -
Example 13 : :
25 _
Experimental 96.31 67.5| 38.0{ 23.5 - - -
Example 14
(-: not determined) .
30

Table 9 shows thé linear regression models,

correlation coefficients, and release periods as X-

intercept which were determined from the data in Table
8 by the same procedures as used in Table 2.




t he procedure of Experinmental Exanple 11 was otherw se repeated and the
resi due of physiologically active 55 peptide A was assayed. The results
are shown in Table 8. Experinental Exanple 13 Using the microcapsul es
obtained in Exanple 13, 5¢ the procedurg of Experinmental Exanple 11 was
ot herrwi se repeated and the residue of phy §oTogicaIIy active peptide A was
assayed. The results are shown in Table 8. Experinental Exanple 14 10
Usi ng the m crocapsul es obtained in Exanple 14, the procedure of

Experinmental Ex 1 was otherw se repeated and the residue of
physi ol ogi cal | y"activée peptide A was assayed. The results are shown in
Table 8. 15 Table 8 Residue of physiologically active peptide Day \Week
Veek Week Veek|Veek Week 1 pingar regrbssion Ax'horiel )C rrelati Eﬁ([ﬁerkgf s@l
82.8 21.8 - . S EXanpl e 11 §e :sx@é

96.7 91.7 79}5 69.2 59|22 _ 22.8 Exanple g( r1mgn gfeelﬁ 040
84.3 43.9 31p= - Barpre—33—26—Ex b..n:nt

67.5 38.0 23]Zxperimental | Residue (Z) = Exanple 14 ({: nonz-determ nel;l.)s 30
Tabl e 9 siows {hé&xdmpleatl r di7edst dASrbaehs, oforrel ali orP.08€ffi di ents, and

rel ease period$ as X- intercwegksihich were determngd fromthe |data in
Tabl e Experimental

Example 12 | Residue (Z) = (R%= 10.3
92.2 - (9.7 x no. of weeks) | 0.998)
10 Experimental
: Example 13 Residue (Z) =
102.4 - (24.8 x no. of (R%= 4.1
Experimental | weeks) 0.982) '
Example 14
Residue (X) =
97.7 - (26.5 x no. of (R%= . 3.7
weeks) 0.989)
15
It is apparent from Tables 8 and 9 that the -
sustained-release preparation according to the present
invention invariably insure a substantially constant
20 release of the peptide over various segments of the

time.
Comparative Example 1 _
400 mg of physiologically active peptide A acetate
, - was added to a solution of a lactic acid-glycolic acid
25 copolymer ((lactic acid/glycolic acid = 50/50 (mole %),
" GPC weight average mol. wt. = 58,000, GPC number _
average mol. wt. = 14,000, number average mol. wt. by
end-group determination = 45,000; manufacturer; Boeh-
ringer-Ingelheim (Lot. RG505-05077), 3.6 g, in 33.2 g .
30 (25.0 ml) of dichloromethane but the physiélogically
active peptide A acetate could not be successfully
dissolved. '
Comparative Example 2
400 mg of thsiologically active peptide A acetate
35 was added to a solution of lactic acid-glycolic acid
copolymer (lactic acid/glycolic acid = 75/25 (mole %),
GPC weight average mol. wt. = 18,000, GPC number



8 by the sanme procedures as used in Table 2. - 56 - Table 9 Linear

regr essi on nodel Correl ation Rel ease coefficient. periods (weeks)
Experimental Residue (2) = (R2 1.3 5 Exanpl e
11 97.1 - (75.7 x no. of - 0.994) weeks) Experinmental Exanple 12

Resi due (2) - (R ~ =500-8392.2 - (9.7 x no. of weeks)
0.998) 10 Experi nental Exanple 13 Residue (Z) - 102.4 - (24.8 x no. of
(R2 4.1 Experinental weeks) 0.982) Exanpl e

14 Residue (Z) - 97.7 - (26.5 x no. of (R2- 3. 7 weeks)
0.989) 15 It |averpaecnels @k Tand e408, snwmber haverase sBel ai WEd- P¥l ease

preparation acéﬂaﬂéfguﬁOdéﬁérﬁiﬁéﬁﬁéniQV?O}bOO;iﬂdﬁﬁf&bhﬁréﬂsuBeeh-
substantial |l y. cons

( ant“20_ .  rel ease of Qe P ﬁ gde oyer varigu§ segnent s
of the tine. G@hes?ariveetksﬁﬁ|éL9t4oEGﬁ5 ot § 3 ro?oéi€a|+9 eti ¥e peptide
A athate ??F @dg@dmIQd?ffﬁiUhloﬂOﬁézhath?gt ahédpgggtolbgiaanmy25
copol yner actic¢ aci Lycolic acid = aver age
ml. w. 2 58,%65}vﬁpfgﬁgﬁégrka98? enﬁBIBemggégg%%Fé%aycﬁgﬁgggggéérage

mol . wt. by enghgsodpsgpersionnwasonocled, 80017fiEnandcpansed BiRA,000

e oot hachTL B8, RO BRRALE) sofabibn bE EBafvindd a1chRBL0 1) of
previously adjusted to 1 °C to prepare mlcrocapsulgs in
the same manner as in Example l1l. The particle size

10 distribution and physiologically active peptide A
content of the microcapsules were 10 to 90 um and 2.5%
(w/w), respectively.

Comparative Examgle'3
400 mg of physiologically active peptide A

15 acetate, was added to a solution of lactic acid-
glycolic acid copolymer (lactic acid/glycolic acid =
75/25 (mole %), GPC weight average mol. wt. = 58,000,
GPC number éverage mol. wt. = 15,000, number average
mol. wt. by end-group determination = 53,000; manufac-

20 turer; Boehringer-Ingelheim (Lot. RG755-05019), 3.6 g,
in 21.2 g (16.0 ml) of dichloromethane but the
physiologically active peptide A could not be
successfully dissolved. This dispersion was cooled to
17°C and poured into 1,000 ml of a 0.1% aqueous solution

25  of poleinyl alcohol previously adjusted to 16°C to
prepare microcapsules in the same manner as in Example
11. The particle size distribution and physiologically
active peptide A contént of the microcapsules were 10
to 90 um.and 3.6% (w/w), respectivély. 3 _

30 As shown in Comparative Examples 1 to 3, with a
lactic acid-glycolic acid copolymer having
substantially no terminal carboxyl group, the peptide
(1] 6f the present invention could not be sucgessfully
dissolved.

35 Comparative Example 4
Leuprolerin acetate (manufacturer: Takeda Chemical



active peptide A acetate could not be successfully dissolved. Conparative
Exampl e 2 400 ng of physiologically active peptide A acetate 35 was
added to a solution of lactic acid-glycolic acid copolynmer (lactic
acid/glycolic acid = 75/25 (nole %, GPC wgi ght average nol. wt. =18, 000,
GPC nunber - 57 - average nol. wt. = 87400, nunber average nol. w. by
end-group determ nation = 30, 000; manufacturer; Boeh- ringer-Ingel heim
(Lot. RG752-15057), 3.6 g, in 8.0 g (6.0 mM) of dichloronethane but the

physi ol ogi cal | yrRiust@dd Ve APl e s Yddhd Ao ke gj%ggfﬁ Y6l SSOl ved.
Thi s di spersion was cool ,e}é' to 17“6% and?cpour.edqf'onto 1, L%# %}Q% 1%
aqueous sol uti oHARR IRFSAS AFLdndlrralis Al FPRLMEE ap twsedoimt o
prepare ni crocapsmprative ExaniRe MBEr6 af, | Th Fxaomy eﬂé.lo mip egrticle
size 10 di s\té{rcgﬁtll on a%ga hysi Olrﬁ% gLaI lﬁ/ %a;‘:tl,ve eptide A content of the
ni crocapsul es BT ’Feert? td -SRBRQFSH L (RCPRALS 2PYLd BFbar at i ve
Exanpl e 3 3100 risp cdugdess Hilly childsolasdd ve peptide A 15 acetate, was
added to a solution I i.c..acid: l i L.d c£opo r (lactic
aci d/ glycolic acid = /%%f%oﬁd'%e%ﬁﬁ?ﬁ%& %‘Se‘gﬁo‘?.e.v&r.esﬁ%%,ooo,
GPC nunber averingeniion ghows 1% @OGstanthixeleass xf the .dwug, by end- group
determ nati on a0 5t IT&Fe %A 2d N i t.
RG755- 05019) , 3.9@2‘%, Th Lo g?%e%e rﬁ%yo‘f‘%ﬁ o ribag oetng [ORMAE BRdAg
physi ol ogi cal | W%&‘%ﬂ%vﬁ)e‘iﬂ i¥elas g andbisable kiesti | Furthernere, Thi s
di ISIote_r si 01205was Q;;@'&lﬂré@idrfrdz? -ﬁe:]mblawr@gi m? cuﬁudéoél?mdb@feasﬁ O/zaqueous
sol ution ~of polyviny coho revj ous ad] ust e eyr 0 prepare
m cr ocapsul es i‘?P’f‘ﬁ%nga‘?fg '?'H.—fﬁner fé‘qp??%ﬁ%lﬂﬁ.ew "ﬁ[’%{% si ze
di stribution antollowimg cdminiistration can be inhibited. ‘
Specifically the histamine-releasing activity in the
peptide [I] following administration of the sustained-
15 release preparation is inhibited. The sustained-
release preparation has - excellent dispersibility.
Moreover, the preparation is stable (e.g. to light,
heat, humidity, colouring) and of low toxicity and,
therefore, can be safely administered. _
20 In accordance with the production method of the
' present invention, a sustained-release preparation
containing a physiologically active peptide can be
easily obtained in good yield. The thus obtained
sustained-release preparation has a smooth surface and
25 is excellent in mobility.



active peptide A content of the m crocapsules were 10 to 90 [err] and 3.6%
(W w)., respectively. 30 As shown in Conparative Exanples 1 to 3,
with a lactic acid-glycolic acid copol ynmer having substantially no term nal
carboxyl group, the peptide [I] of the pregent invention could not be
successful ly dissolved. 35 Conparative anple 4 Leuprolerin acetate
(manuf acturer: Takeda Chem cal - 58 - Industries), 400 ng, was added to
a solution of the same |acti.c acid-glycolic acid copolyner as used in
Conpar ative EXy{fa€ i3 ABnfed |J_ 3,8.0 g (6.0 m) of dichloronethane but the
| euprol erin acetate could not be successful |y dissolved. The

sust ai ned-rel edse p [?é’rséﬁ-"é%?dcﬂfetlﬁésﬁ Erapanaficn W ch Seprisasstant

rel ease of the phiysdolRaieEidly adth&ePRiptdRid |df QY qered) tfdﬁmltahus

bei ng conducive to a lasting and stable effect. Furthernore, 10 th _
duration of release of the drug can be easily contcnmgbed and exce55| ve
rel ease inmedi at el ycd,o, | ogmzqg ad ubﬂstdﬂargl ONgC nlh %I ted. Specifically

i
t he hi stam ne-r t|V|t n ept|ﬁe[|’fo
admi ni stration 3" '&g% R 'C!'QO'N-CHrC&IM ﬂowéma-mMNscmm, t ed.

The sustai ned- rel ease pr ar at I on h S ellent dispersibility.
Moreover, the preparation is stable (e.g. to light, heat, humdity,
colouring) and of low toxicity and, therefore, can be safely adm ni stered.

20 _ In aheHeddhe ZARGESSIE S Aol @Y logTR¥od of the present
i nvention, a Sl!ﬁf,aRg%delie%&%hP&égi'éébh@.% QAN aFofia®d c2 cRRMicogedugal | Y
active peptlde can -be easily obtained in good yield. The thus obtai ned

sust ai ned-r el ezﬁserﬁPEﬁﬁ?&FFoﬁ Ha@mbngnéﬁ% Fasidue grRdazgroup; 9fekbel | ent
| n n‘DbI | | ty fomula

C,Hz-R:;'
-NE-CH-CO-
0)
wherein R,’ is a heterocyclic group;
Rs represents; a group of the formula -(CH,;),-Rs' wherein
n is 2 or -3 and R;’ is an amino group which may
optionally be substituted, an aromatic cyclic group or
- an O-glycosyl group;
R¢ represents a group of the formula -(CH,),-Rs’ wherein
n is 2 or 3 and Ry’ is an amino group which may
optionally be substituted;
R; represents a D-amino acid residue or an azaglycyl
-residue; and | o
Q represents hydrogen or a lower alkyl group, or a salt
thereof and a biodegradable polymer having a-terminal
_carboxyl group. . '
2. The sustained-release preparat:.on according to
claim 1, wherein X is a C,; alkanoyl group which may
optionally be substituted by a 5- or 6-membered
héterocyclic_ carboxamido group.
3. The sustained-release preparation according to
claim 2, wherein X is a Coy alkanoyl group which
may optionally be substituted by a

AU




- 59 - Wiat is clained is: 1. A sust ai ned-rel ease preparation which
conpr.i ses -a physiologically active peptide of the general fornula [err]
wherein X represents an acyl group; [err] and [err] each represents an
aromatic cyclic group; [efr] represents a D-amno acid residue or a group
of the fornula [err] wherein R3' is a het&Qoeyclic group; [err] represents
a group of the fornula [err] wherein nis 2 or 3 and [err] is an am no

- group which may optionally be substituted, an aromatic cyclic group or an
0-gl ycosyl group; R6 represents a group of the forrmula [err] wherein nis 2
or 3 and [err] tetzahydrebugybepripramidmyIEPPonal |y be substituted; [err]
represents a D-gri NOTiRe | s €sited-0slSdsSZzp0eparaticni deeordimlg Goepresent s
hydrogen or a “gwer ﬁikylh%éqﬁg’ or_a saét t hereof and a bi odegradabl e _
pol yrer havi ng G388 nt hat PEEF & Hr3THYL:  The sustai ned-rel ease
preparation acchr di nMthe osesbaimdd-rdbease preparation]aatdnding gooup which
may optionally bgt i . by. ¥ 2 e ogyclic.

car boxam do gr&%%?ﬁg.f’ #%%fgﬂgt%?%2%&§éﬁ§§ég?%?épg?a |%% %%e%r@%ﬁﬁ“f%
claim 2, whereiof X(A} a]erpplymanref | glyeebiohaekdnagdodtional |y be
substituted by gudrofPcdBboRPYHE Cddid! S£T PR 3geRErdl OFPrmula

R

|
HOCHCOOH

" wherein R represents an alkyl group of 2 to 8 carbon
atoms and (B) a polylactic acid.
6. The sustained-release preparétion according to
claim 1, wherein X is acetyl, and the biodegradable
polymer is a mixture of (A) a copolymer of glycolic
acid and a hydroxycarboxylic acid of the general
formula

R

| :
HOCHCOOH .

wherein R represents an alkyl group of 2 to 8 carbon

atoms and (B) a polylactic acid.

7. The sustained-release preparation according to

claim 5, wherein the copolymer has a weight average

molecular weight of about 2,000 to 50,000, as

~ determined by GPC. _

8. The sustained-release preparation according to

claim 5, wherein the copolymer has a dispergion value

of . about 1.2 to 4.0. ' i '

9. The sustained-release preparation according to

claim 5, wherein the polylactic acid has a weight

average molecular weight of about 1,500 to 30,000 as

determined by GPC.

10. The sustained-release preparation according to

claim 5, wherein the polylactic - acid has a dispersion

value of about 1.2 to 4.0. '
-

U R A



4. The sustai ned-rel ease preparation according to claim1, wherein X is
acetyl. 5. The sustai ned-rel ease preparation according to claim]l,

wherein the biodegradable polymer is a mxture of (A) a copol yner of
glycolic acid and a hydroxXycarboxylic aC|g of the general fornmula [err]
“wherein R represents an al kyl group of 2 & 8 carbon atoms and (B) a

pol yl actic -acid. 6. The sustai ned-rel ease preparation according to claim
1, wherein X is acetyl, and t he biodegradable polyner is a mxture of (A a

copol ymer of glqcoli ﬁﬁ%ﬁ era
formula [err] Wereligl% rep resents an 3{ roup O%F%ég%&l}%g%gn at ons
and (B) a pol yl%kaelfnb Jacﬂﬂ'lerﬁln thee bipdeg le @olemergs & i on according

to claimb5, whey 00l Bl fmcﬁa&mqﬂ B Ak i@] ecul ar wei ght  of
about 2,000 to 5 as det ernjned €¥ The sustal hed-rel ease
prepar ati on acét?r'dl e Fugtain %ﬂﬁ‘%ﬁ% RIRPAAHSAACIREd NGl ¥ er si on

val ue of about claim A ¥, Gvhdkein T %E [yt el £ a6 Qrdi IR Afddga@ccor di ng

wei gt of aboulioL ROt i S et D i ke BE HE ™

sust ai ned-r el eam;mapmchtbpmmhcordl ng to claimb5, wherein the polylactic
acid has a di s&ejrm

t The
sust ai ned-rel ease prepar a‘%econ acc'%gd1 Q% #?A%aoratf.o%aeéceo%&l%
bi odegr adabl e pohaimerl} s whexgiol \she czqmlaa!em has & alicspprsion cvakiel.

of about 1.2 to 4.0.

14. The sustained-release preparation according to’
claim 1, wherein the proportion of the physiologically
active peptide rangesfrom about 0.01 to 50% (w/w) based
on the biodegradable polymer.

15. The sustained-release preparation according to
claim 1, wherein the physiologicallyactive peptide'is a
LH-RH antagonist. |

16. The sustained-release preparation according to
claim 1, wherein the physiologically active peptide is

Q-CONHCHZCOD2Nal-D4ClPhe-D3Pal-’-Ser-NMeTyr-DLys (Nic)-
Leu-Lys(Nisp)-Pro-DAlaNH, or its acetate.

17. The sustained-release preparétion according to
claim 1, wherein the physiologically active peptide is
NAcD2Nal-D4ClPhe~D3Pal-Ser-NMeTyr-DLys (Nic)-Leu-
Lys(Nisp)-Pro-DAlaNH, or its acetate.

18:; The sustained-release preparation according to
claim 1, wherein the thsiologicaleactive peptide is
NAcD2Nal-D4ClPhe-D3Pal-Sexr-Tyr-DhArg(Et,)~-Leu- '
hArg(Et,)-Pro-DAlaNH, or its acetate. o

19. A method of preducing a sustained-release
preparation which comprises dissolving a
physiologically active peptide of the general formula

* c L M $ *



12. The sustai ned-rel ease preparation according to claim1l, wherein the
copol ymer has a wei ght average nol ecul ar wei ght of about 5, 000 to 25, 000,
as determ ned by GPC. 13. The'sustai ned-rel ease preparation according to
-clain 11, wherein the copoiyrrer has a di spersion value of about 1.2 to 4.0.
14. The sustai ned-rel ease preparation accg2ding to claim1, wherein the
proportion of the physiologically active peptide rangesfrom about 0.01 to
50% (W w) based on the bi odegradabl e polynmer. 15. The sustai ned-rel ease
preparation according to claim1, wherein the physiologicallyactive peptide
Is a LH RH ant agoni st. 16 The sustai ned-rel ease dRfcgpar ation accord| ng to

claim1, wherein th | ogi cal | actlve peptide|ls ferr]

Leu- Lys(Ni sp)-Pro-D rR’lts t 8 otfe-Re 1 CHaRhe ustalcﬂre& | ease :
preparation accdr-m-agcu-m-m-m-m\m,cnxm -NERCE-Go DN SE QD -Ed.](e ept i de
i s NAcD2Nal - D4Cl PhéPD3Pal Per - NVeTyr lDLys(NKD)) Leu- [err] or ttis ace *ate.
18 ; The sustai ned-rel ease preparati according to cI aiml, wherein the

physi ol ogi cal | yacti ve peptide is NAcD2Nal - D4C Phe- D3Pal - Ser - Tyr - DhArg ( Et 2)
-Leu- hArg(Et ZQ;thez.EAkahdH@resehts ancheid. gtdupA net hod of pr oducing a
sust ai ned-rel egse on which conprises dis ysi ol ogi cal l'y
active pepti defil g %ér ?C?OFWESgREEZa?e?Ff%éFe XC*RFeHF(?é‘?m s an
acyl group; [erg ]repmbialté £ aD+amips eseid scasiduenatia gyohpcogrehp; R3

represents a Dfam ng acid residue or a group of the fornula

clnz-xa'
~NE~CE-CO-
)

wherein R’ is a heterocyclic group;
R; represents a group of the formula -(CH;),~Rs’ wherein
n is 2 or 3, and Ry’ is an amino group which may
optionally be substituted, an aromatic cyclic group or
an O-glycosyl group; _ - |
Ry represents a group of the formula -(CH,),~R¢’ wherein
n is 2 or 3, and Ry’ is an amino group which may
optionally be substituted;
R; represents a D-amino acid residue or an azaglycyl
residue; and
Q represents hydrogen or a lower alkyl group or a salt
thereof and a biodegradable polymer having-a terminal
carboxyl group in a solvent which is substantially
immiscible with water and then removing said solvent.
20. The method according to claim 19, wherein the
biodegradable polymer is a mixture of (A) a copolymer
of glycolic acid and a hydroxycarboxylic acid of the
general formula

R

|
HOCHCOOH

wherein R represents an alkyl group of 2 to 8 carbon
~atoms and (B) a polylactic acid.

) 0 AAAD



[err] wherein [err] is a heterocyclic group; R5 represents a group of the
formyla [err] wherein nis 2 or 3, and [err] is an am no group which may
optioenally be substituted,, an aromatic cyclic group or an 0-glycosyl group;
[errT represents a group of the formula_Jesr] wherein nis 2 or 3, and
[err]-is an am no group which may optional Ty be substituted; [err]
represents a D-amno acid residue or an azagl ycyl residue; and Q represents
hydrogen or a |lower al kyl group or a salt thereof and a bi odegradable

pol ymer having Qlterﬂh@@heﬁﬁé@°%&éoﬂ&ﬂﬂ@ +0 S180hVEY! WHELEihSX is
substantial ly |nn1scLbIe and then repoving,said solvent. 20. The

met hod accor di iS¢t of 1§he ?@ﬁgF?¢ﬁP ? o082 Y%ﬁﬁb%% 3oy RERTROf
m xture of (A) gA oaotqpalymérgbﬂC@lycoB£¢daeﬁd anaydroxycarboxyllc aci d of

t he general for e eln R. e Kk pof 2to 8
carbon atons an ﬁ¥?E8L% %P?f f?ca%bédgg éﬁ 33%er$% ¥ﬁ§@ﬁg§ according to
claim19, wherein Is acetyl, aRd the blodegradable polymer is a mxture
of (A) a copol yner of glycollc afid and a hydroxycarboxylic acid of the
general fornula R HOCHCOOH wheH@EHCOOHepresents an al kyl group of 2 to 8
carbon atons and (B) a polylactic acid. 22. The nethod according to claim

19, wherein thewﬁéfdfﬂrﬁdfébfeeaﬁugﬁanl§1ﬁ¥£0396u596f0§ tachi eadpbd and
glycolic acid. 23 accordin [ whi ch conpri ses
atoms and (B) a polylactlc acid.
22. The method according to claim 19, wherein the
biodegradable polymer is a copolymer of lactic acid and
glycolic acid. ' -
23. A method according to claim 19, which comprises
dissolving the biodegradable polymer and the
physiologically active peptide in a solvent which is
substantially immiscible with water and adding the
resulting solution to an aqueous medium to provide an
0/W emulsion. |
24. A method of producing a sustained-release
preparation which comprises dissolving a biodegradable
polymer comprising a mixture of (A) a copolymer of
glycolic acid and a hydroxycarboxylic acid of the
general formula
R

.HoéHCOOH
wherein R represents an alkyl group of 2 to 8 carbon
atoms and (B) a polylactic acid and a substantially
water-insoluble physiologically active peptide or a
salt thereof in a solvent which is substaﬁtially
immiscible with water and then removing said solvent.
25. A method according to claim 24, which further comprises after
dissolvingthebiodegradable polymer and thesubstantially
water-insoluble peptide or salt thereof in
the solvent adding
the resulting solution to an aqueous medium to provide
an O/W emulsion.

* c L M S *



di ssol ving t he bi odegradabl e pol ymer and the physiologically active peptide
in a solvent which is substantially immscible with water and addi ng the
resulling solution'to an aqueous nediumto provide an O Wenulsion. 24. A
met had of producing a sustained-rel ease preparation which conprises

di ssal ving a bi odegradabl e pol ymer ;eQyRhi:$i ng a mxture of (A) a copol yner
of glycolic acid and a hydroxycar bexytt+e—acid of the general fornula R
wherein R represents an al kyl group of 2 to 8 carbon atons and (B) a

pol ylactic acid and a gfisliafld-Relk a4t @hebasaltyBhe physiol ogically active
peptide or a salt thereof—Tma sofvent whiclt 15 substantially inmm scible
with water and then renoving said solvent. 25. A nethod according to claim

24, which further cqnmprises after dissolving_the biodegkra e_.pol r and
the substantially w& S edorelsase gé'eggratg.&n[ V&i‘%&‘e%ﬁ%ﬁf’ﬁ?gy gl vent
addi ng the resphysigplogically betiveageptidered genexralr dommlan O W
enul si on.
' _ Clﬂ(Cﬁs)z
~C|Ez'Rl CIHz‘Rz CH.-0H CIHz“R4 CH.-Rs CH; CHz-Rs
X-angg-co-NE%%ESCO-Ra-NE&CE—CO—?—CH—CO—NHEgg-co-NH-CE-CO-NHrCH-Co-Nk-cn-cb-xq-NHz

wherein X represents an acyl group;

R;; R, and R, each represents an aromatic cyclic group;
R, represents a D-amino acid residue or a group of the
formula

CIHz-Ra'
-N3-CH-CO-
(D)

wherein Ry’ is a heterocyclic group; :
R,Irepresents a group of the formula -(CH;),-Rs’ wherein
n is 2 or 3, and Ry’ is an amino group which may
optionally be substituted, an aromatic cyclic group or
an O-glycosyl group; . _
Rg represents a group of the formula -(CH,),-R¢’ wherein
n is 2 or 3, and Ry’ is an amino group which may
optionally be substituted; .
R, represents a D-amino acid residue or an azaglycy
‘residue; and
Q represents hydrogen or a lower alkyl g:bpp,'or a salt
thereof and a biodegradable polymer having a terminal
carboxyl group.

. The sustained-release preparation shows a constant
release of the peptide over a long time without an -
initial burst.



