Case 600-7110/11 UK SUSTAINED RELEASE FORMULATI ONS OF WATER SOLUBLE
PEPTIDES This invention relates to sustained rel ease (depot)” formd ations
of wdrugs -in particular water soluble peptides, e.g. somatostatin or

somat ostatin anal ogs, such as octreotide, in a biodegradabl e &d2 s/
bi oconpati bl e polyneric carrier, e.g. a matrix or a coating, e.g. in the
formof a inplant or preferably a mcroparticle (also known as a :

‘m crocapsul e or a mcrosphere). The invention also relates to such

formul ations, show ng satisfactory peptide release profiles over a

particul ar perlod of time. Production of such fornulation i's disclosed and
clainmed in parent application 9014704.2. Peptide drugs often show after

oral or parenteral administration a poor bioavailability in the bl ood, e.g.
due to their short biological half-lives caused by their metabolic
instability. If orally or nasally adm nistgeed ddaey e tigenal Iy often show
a poor resorption through the mucuous nenbranes. A therapeutically.

rel evant bl ood | evel over an extended period of time is difficult to

achi eve. The parenteral adm nistration of peptide drugs as-a depot

formul ation in a bi odegradabl e polyner, e.g. as mcrcparticles - 2 -
600- 7110/ 11 or inplants has been pr oposed enabllng their sustalned rel ease
after a resi denceSHs ) REREASH PORMOLATITONS OF WATFR <SOTHBTE gai nst
‘enzymatic and hydrolytlc |nfluences of . t he blologlcal nedla Although sone
pare#dt eral depot fornul ations of peptide drugs in a polymer in the form of
m croparticles or F, éﬁwﬁgﬂﬁg?satisfactory pepti de rel ease
profiles are in practice only obtained in very few cases. Special neasures
nmust be taken

This invention relates to sustained release (depot) formulations
of drugs in particular water soluble peptides, e.g. somatostatin
or scmatostatin analogs, such as octreotide, in a biodegradable
and biocompatible polymeric carrier, e.g. a matrix or a coating,
e.g. in the form of a implant or preferably a microparticle
(also known as a microcapsule or a microsphere).

The invention also relates to such fornulations, showing
satisfactory peptide release profiles over a particular period
of time. Production of such formulation is disclosed and claimed
in parent application 9014704.2.

Peptide drugs often show after oral or parenteral administration
a poor bicavailability in the blood, e.g. due to their short
biological half-lives caused by their metabolic instability. If
orally or nasally administered they additionally often show a
poor resorption through the mucucus membranes. A therapeutically .
relevant blood level over an extended period of time is
difficult to achieve. ~

The parenteral administration of peptide drugs as a depot
formulation in a biodegradable polymer, e.g. as microparticles



» to achieve a continuous peptide release for a therapeutically active drug
serum |l evel and if desired avoiding too high drug serum concentrations, -
whi ch cause undesired pharnacol ogi cal® side reactions. The peptide drug (s
rel ease pattern is dependant on nunerous factors, e.g. the type of the
peptide, and e.g. whether it is presentdmits free or6Q0r7atdtIier form

e.g. salt form which may influence its water solubility. Another inportant
factor is the choice of polynmer, fromthe extended list of possihilities

whi ch have been described in the literature. Each polymer type has its

char act eri sti cobi mirdgntcsl halseg:eadapnopnsecabaabﬂmetmurbsu@rhlﬂé@ltﬁiem be

formed which c u a us

additional ly Qﬁﬁ ugn%is t e(t:@vvgtl‘g‘ér_uﬁ %*ﬁwrﬂfﬁy%&%@get%n FEPRFE it s

rel ease patt er A92¥ShetnavaREl and hydeplykdy Mﬂueﬁﬂpﬁ,seoﬂﬁler bi@azqe%ht tern of

t he depot for mubdia.on, are the drug |oading of its polyneric carrier, the
manner of its distri buti on in the polymer, the particle size and, in case:

of an inplant, additionally its shape. Further is the site of the

formul ation i nﬂmubbcﬁpr@fpamtmicderbmiaMm sﬁrpypusd@tdruggcnﬂposi tion

i n sustained rgl F RO EoPR &N éﬂpaﬁ@%@ ﬁ@]gsé gached the
mar ket per hap Ig%ggﬁse no COﬁpOSI t I on exnibitin a sat'l S act ory serum
| evel . 3 -known, satisfac release PEotHesrR inpractice

DESCRI PTI ON wniwsbﬂam@a ﬁok;;nyrfehocaadsat spyﬁawmasﬁlfésgmm behta{&a ™

designed to gi al%g e a J e of .the are own in thé-/
—art. US Patent&ﬁlq. é‘%‘?g gfﬁl& 38 égsék c%og% ?e%’ d? g?%ga mul ati ons
i n which the didigveedyy semm developndiis gegiredeavoiding too high drug
serum concentratlons, which cause undesired pharmacological side
reactions. ' '

The peptide drug release pattern is dependant on numerous
factors, e.g. the type of the peptide, and e.g. whether it is
‘present in its free or in another form, ‘e.g. salt form, which
may influence its water solubility. Another important factor is
‘the choice of polymer, from the extended list of possibilities
which have been described in the literature.

Each polymer type has its characteristic biological degradation w
rate. Free carboxyl groups may be formed which contribute to the
PH value in the polymer and thus additionally. influence the

- water solubility of the peptide and thus its release pattern.

Other factors, which may influence the release pattern of the
depot formulation, are the drug loading of its polymeric
carrler, the manner of its distribution in the polymer, the
particle size and, in case of an implant,. additionally its

- shape. Further is the site of the fornﬁ:lation in the body of
influence.

Until now no scmatostatm compos:.tlon in sustained release form

for parenteral administration has reached the market, perhaps
beqause no composition exhibiting a satisfactory serum level



dfug is dispersed in a biodegradabl e and bi occonpati bl e |inear polylactide
or -pol yl acti de-co- gl ycolide polyner. However, no drug rel easé patterns
hawe’ been described and there is no reference to a somatostatin. US Patent
4,293, 539 describes anti-batterial fornulations i#.mcroparticle form- US
' Patent No. 4,675,189 describes sustained T8l 8ase fornul at4Ond1¥¥ IiThe LHRH.
- anal og decapeptlde naf arel i ne and anal ogous LHRH congeners in

pol yl actide-co-gl ycolide polyners. No rel ease pattern has been descrlbed
T. Chang, J. Bioeng., Vol .1, pp 25-32, 1976 descri bed .prol onged rel ease of

bi ol ogi cal s, enzynsﬂﬁéedunaddknettahmmhn1croparticles. Pol-yrer s/ .copol ymer s’
of lactic acid and | actide/glycolide copolyners and rel ated conpositions
for use in surgical acol|cat|ons and for sustained rel ease and

bi odegr adat i on haVeXSeeh OERMERUARDat - Nos. 4, 076, 798 and 4, 118, 470.
Eur opean pat ent appllcatlon 0 203 031 describes a series, of somat ost at i n

oct apepti de anal ogs, e.q. Co Qundﬂl?.(él 0 havi ng the formJIa -

* D- Phe- Cys- Tyr - ngsgryﬁef%‘)%%gs 5 W’r% arg, Rt Vet he - Cys-
noi eties, in col uprslohSed ©r delagyed release of the cEﬁ@-aiﬁlﬁdm Ihe¢hpoasi.bility
of the somatostatins bei'ng m croencapsul ated with polylactide-co-glycolide

pol ymer has been nmentioned in claim18, but no instructions have been

di scl osed how to BHEREENE NoendiiHdoh? SheclosentFanbrelled rug-releass | evel . US
Patent No. 4,011, 8d@milecitnsbds vnfiah tiheCd!ﬁigl nuoguLSarﬁmsgomblarpeptlde

ant¥fi cr obi al drugme 19 thers 8 ogeg_raggb 0B fror&gle Linear
polylactide or polylactide-co—. glycolide polymer. However, no
drug release patterns have been described and there is no
reference to a somatostatin. US Patent 4,293,539 describes
anti-bacterial formulations in microparticle form.

US Patent No. 4,675,189 describes sustained release formulations
of the LHRH analog decapeptide nafareline and analogous LHRH
congeners in polylactide-co-glycolide pélymers. No release
pattern has been described. :

T.Chang, J.Bioeng., Vol.l, pp 25~32, 1976 described prolonged
u release of biologicals,; enzymes and vaccines from

microparticles.

Polymers/copolymers of lactic acid and lactlde/glycollde

copolymers and related compositions for use in surgical

applications and for sustained release and biodegradation have

been reported in US Pat.Nos. 4,076,798 and 4,118,470.

. European patent application 0 203 031 describes a series. of
somatostatin octapeptide analogs, e.g. Compound RC-160 having
the formula:-

* %
D-Phe~Cys-Tyr-D~-Trp-Lys-Val-Cys-Trp-NHp
(having a bridge between. the -Cys- moieties,.
in columns 15-16.



- polylactide-co-glycolide matrix of a | ow nol ecul ar wei ght (bel-ow 2000) and -
arelatively high glycolide content in t.he formof an inplant, can be —
obt ai ned, when the inplant ‘is inserted into the teat canal of a cow. The
drug is released withi'n a short period of time, due to the high glycolide ~
content and the 'l ow nol ecul ar wei ght of 4he pol ymer, whCALBMIT stinulate a
qui-ck pol yner bi odegradati on and thus a correspondi ng qui ck.rel ease of the
drug. A relatively high drug | oading content additionally contributes to a .
qui ck drug rel ease. No somatostatins and no drug rel ease patterns have been
descri bed. Eur ameapbseabsmtyl\@f tﬁB%haﬂb%thﬁ@&eﬁh@tmlaroémJ‘apmdr el ease of

2 vt er 01 ubl G PERLIJEd A2 B9UARL |13 ROl YIE odoiPhalohas 3hl il 2t ed by

| owering the noléc nol ecul es,
by i ntroduci ng cdaim ity d@tunptsxstm@lm% Wﬁybﬁﬁn discdeaed hOHytq' ebE_YEI ng t he

bl ock polyner GhasmGhebuPtnbipelfiddIBY aHte0e Rtrihardviede- co- gl ycol i de
mol ecul es are used, by'.increasing the drug | oading content of the pol ymer

matri x and by enlarglng the 'surface of the i-npl'ant. "Al though somatostatins
are nentioned @S Patent ml uma,peptdeﬁembesotmtwﬁahwusr etbeeze pfofil es

have been descrjb S Il ;
t hese par anet efs %ﬁﬂg&&iﬂaﬂ@u& %tﬂﬁeuggggxgg% g%sé‘?fjﬁr?keveﬁa over
at | east one w@@kyla@tgdemeglﬁmﬂhde mat Bl of ?d{O@nfGIOJHQUJ-QQ%SQIEes(bﬂ%S t hat
a continuous rebesenafa RRRAL Ry rﬁgafgrr hizdé)fcohwéiftomlduecw&pbrdaﬁ OveD )

hcor por ated | RBLEDmEH B %r%aﬁgacﬁoaﬁ%%gépmiﬁa% Tabptseeed {5t the

- b- teat ¢afb8D-ofla0¢dw. Pind wiragtiisdeeledsed withintdshoot @eatodssi bl e

for water by inGrogici g 8 theS nigl %‘i%&ﬁeh&’&%@ﬂ@_ dnliCtit1bw Mo1dcufir
weight of the polymer, which both stimulate a quick. polymer
biodegradation and thus a corresponding quick release of the
drug. A relatively hlgh drug loading content addltlonally
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contrlbutes to a quick drug release. No somatostatins and no
drug release patterns have beer described.

European Patent No. 58481 discloses that a continuous release of
a water soluble peptide from a polylactide polymer implant is
stimulated by'loweringrthe molecular weight of at least a part
of the polymer molecules, by introducing glycolide units into \“J
the polymer molecule, by increasing the block polymer character
of the polymer when polylactide-co-glycolide molecules are used,-
by increasing the drug'loading content of the.polyme:-matrix and
. by enlarging the surface of the implant. :
Although somatostatins are mentioned as water soluble peptides,
no somatostatln release profiles have been described and no
indication has been given how to. combine all these parameters to
- obtain e.g. a continuous somatostatin serum level over at least
one week, e.g. one month.

European Patent No. 92918 describes thét'a continuous release of
peptides, preferably of hydrophilic peptides, over.an extended
period of time can be obtained, when'the peptide is incorporated
in a copventional hydrophobic polymer matrix, e.g. of a



pol yet hyl enegl ycol , pol yvi nyl al cohol, dextran, polymethacryl- anide. The
hydrophilic contribution t'o the -anphi pathic polymer is given all the
et hyl ene oxi de groups in case of "a pol yethyl ene glycol unit, by the free
~hydroxyl groups in the case:of a polyvinylalcohol *unit or of a dextran
unit, and by the amide groups in the case 8f~a pol ymet hy &0V EH/dE unit .
Dué to the presence of the hydrophilic unit in the polyner nolecul es the
i nplant will obtain hydrogel properties after the absorption of water.
Somatostatin is nentioned .as an hydrophilic peptide, but no release profile
has been descri begokyldctide, nekicht i®makdasndrecacagissile dbntwatgpeoyof pol yner
Is preferred for | J 6e, . 1 WL n many
hydr ophi lic group%ﬁglt%d{s? Ul gﬁhlg\%gﬂoiﬁggi%gohg%gﬁ?li%e??ﬁ%%él% descri bes
that a sustai ned Pelvesbrlesedliyqods RELYYEREAAPOhQlycdextaan, ROAVHRLIARTVL,
Snzyne\?\/,n ant lhbl gt aiftide . ATHd H98Foph& Bt !é@n@lb_@tﬂlﬁﬂttevtﬁfg aﬁplﬁ.?%ﬂitﬁ@opﬁﬁd:o? of
i me, en e drug :i,s 1 NGQrpora in anJ ant,.€.9. of. mcroparticle
size, made of a pbgmﬁn(f?ﬂaabeof%gﬂen&ﬁfm&%&g Xoi1 ,C%ﬁ?”ﬁft 8|1?011¥§ ¥§ %6 ne
or nore, preferabglycal uridstby thpofseeabydmieybgrenpgioublse cabe qfokyl actide
ester groups prefg&%&ﬁﬁﬂ'& Ry i@-or%ﬁ’%%é%'aﬂnﬁﬁi Y M} Fﬁgp{:ﬁéj%ﬁidéa' 9.
somat ostatins, ar ntToned as drugs and no serumdrug | evels have been
di scl osed. SUMVARIrQPSTHE thRngage ef\ aTRelymeRhranrviemide Bt Pee $0sth8 ned

T egg'g_sel }‘ or IT:CJ| at Ihpfé‘sen&la, lg;f ﬁh?&@ﬁ_ﬁdﬂhitiﬁ@ Lﬁlf%ﬁﬂ dheé Cp’biym?ﬁ tm_%lét!d-!ﬁs the
espe€ial |y of a hormonal |y active er-sol u ,somat ost.atin or_a.
Sommtoatalin anal DPEHE Ak GRAAr B ANEESST PEORTIEASS AIEaT 1o BRI, §°
plasma | evel and,wakegy. $Somakosfiatdegisthentonediasc enpadrbplilicl peptridee byt in a
encapsul ating pol Yi&le188dd b¥ofihREnAOLYER deTBE el ARY nQeixﬁiié).(ﬂiJi‘lehk& Héen

nat ural pol yner.

ol

given, what' type of polymer is p_referfed for this peptide, and
what molecular weight and how many hydrophilic groups it should
have. ’

The US Patent GB 2,145,422 B describes that a sustained release
of drugs of several types, e.g. of vitamins! enzymes,
antibiotics, antigens,_can be obtained over an extended period
of time, when the drug is incorporated in an implant, e.g. of
microparticle size, made of a polymer of a polyol, e.g. glucose
x_/ or mannitol, having one or more, preferably at least 3,
polylactide ester groups. The polylactide ester groups
preferably contain e.g. glycolide units.
No peptidés, e.g. somatostatins, are mentioned as drugs and no
serum drug levels have been disclosed.

SUMMARY OF THE INVENTION

This invention relates to sustained release formulations, e.g.
microparticle formulations, of a drug, especially of a
. hormonally active water-soluble somatostatin or a somatostatin
analog.such as octreotide, providing a satisfactory drug plasma
. level and, e.g. in a biodegradable, biocompatible polymer, e.g.
in a encapsulating polymer matrix. The polymer matrix may be a
synthetic or natural polymer.



- 6 - .600-7110/11 The microparticles of thisi-nvention may be
prepared by any conventional technique, .e.g. an orgdni ¢ phase separation
techni que, -a spray drying technique or a-tri'ple enul sion techni que, wherei\a/
the polyner is precipitated together with the drug, followed by hardening:
of the resulting. product, when the phasg separation orgggeyplogyrenul si on
technique are used. If desired the sustained release fornulations may be in
the formof an inplant. W have found an especially.useful nodification of

t he phase separation technique for preparing mcroparticles of any drug.

The microparticles conprising a drug in a biodegradabre bi oconpati bl e
carrier may be nmade by: a) dissolving the polyneric carrier material in an
appropriate soThFeﬁ‘Ecr‘?H?rWﬁ]tﬁﬁ oh&hds d@“’&%ﬁ’rﬁﬁ‘uﬂiﬁ’ ib® RERPAZEH MY @0Yh) addi ng
and di spelrSI Rgccmv%ﬁtiﬁﬂamntéﬂhni@fe,dé@. eﬁfrrmamdclphaae ﬁy&&:@pidtﬁte S|O| vent, f
e.g. an al coho S o aNORE 3oL Ve or the solution o
step a), c) ad%?%&léuedhgs%pﬁngglﬁa %&éﬁf‘q‘fe t° R-%I égremfli% By step b), to

i nduce mi cr.opatedhpligud,omhexeinnthel polymtirnis &?reoml-'qalbed/dtos\etm wétlprtheo t he
mxture of siegag, FoLlweddy hbRoRiRg Gathd %eulaaq ﬁiodueeowm@hn&é he

n1cropart|cle have al so’f ound n es ec |allé9 modi fication of the ./
triple emul si oPPacsécﬁ‘?ﬁa(fGE"?’bPrp? 2ha¢ FH-QPr &P ’H@Fe%reof‘sea‘?ry dr ug. - 7
600- 7110/ 1 |- Accordlngly the present invention provides: The
mi cr oparti .Cl eslf%sfr = tgg smgggug\é release formulations may be in the form u ;
of an 1mplant S ' o ' '

We have found an espec1ally useful modification of the phase
separation technique for preparing microparticles of any drug.

‘The microparticles comprising a drug in a biodegradable,
biocompatible carrier may be made by:

" a) dissolving the polymeric carrier material in an appropriate
solvent, in which the drug compound is not soluble.

b) adding and dispersing a solutibn“of'the drug compound in an
appropriate solvent, e.g. an alcohol, which is a non-solvent o/
for the polymer,'in the solution of step a),

c) adding a‘phase 1nduc1ng agent to the dispers1on of step
b), to induce microparticle formation,

d) adding an oil-in-water emulsion to the mixture of.step ¢) to
harden the microparticle, and

e) recovering the micfoparticle.
We have also found an especially useful modification of the

triple emialsion technique for preparing microparticles of any
drug. o ' '



(i) intensively mixing a water-in-oil enulsion forned froman aqueous
medi um and a wat er-i mrsci'bl e organic sol vent containing in one phase the
“drag and in the other a bi odegradabl e, bioconpatible polyner, with an
excess of an aqueous nedlunlcontalnlng an emnul si fyi ng substance or a
protective colloid to forma water-in-oil-?7nmwater enul siéff;700¢ ibut addi ng
any drug retainirng substance to the water-in-oil enulsion or applying any

i ntermedi ate viscosity increasing step, ii) desorbing the organic sol vent
therefrom iii) isolating and drying the resultant nicroparticles. The

present inventi omadeiinglpatiey ppésunitdesvenl ConlipgzbpRitst i Cl es obt ai ned
according these processes. The present invention also provides:- a) a

sust ai ned rel ease fornul ation conprising a peptide drug conpound in aferr]
polyl act i de- co- gl Sheohicimpest ilesfmay pbdo/ bk, mddeebpol-yol  unit chosen fromthe
group of a [err]carbon chain containing alcohol having 3 to 6 hydroxyl
groups and a nono- -or di-saccharide, and the esterifi-ed polyol having at

| east 3 pol yl act i tid- éntefisjvaly nixingapateprinroid semilaten fermeds Erém@pul ati on

conpri sing oct reoidu@@ué)ﬁnean%@'ahdod wﬁté’f’-‘ﬂt&ﬁ%dl‘b@et&%ﬁﬁﬂé sollvéhtbboktadhasgbl e,
bi oconpati bl e pol yneric carrier oun

t alt of
octreotide is thethQRDANBSGHReHAFY %sy""s;g%l ghﬁﬁ%sag q%\ég ﬁﬁll ogs The
present inventi orbiacompatiibie popymas,destl( iah exdessodfi dp aqueous3 medium

600-7110/ ol d
oa M%é \M'“' Cﬁaggaé%tgie% &eéa% teﬁxui’é ﬁio u%gtérﬂz% EJE Oang%ﬂe%@l?é 5@?1&&9% e

reactive derivati tﬁé'{aéef-‘)m'DEBGerea\le@isFPEr prEreReddingBaRy KNG

retaining substance to the water-in-oil emulsion or applying any _
intermediate viscosity increasing step,

ii) desorbing the organic solvent therefrom,
iii) isolating and drying the resultant microparticles.

The present invention additionally provides the microparticles
obtained according these processes.

The present invention also provides:-

a) a sustained release formulation comprising a peptide drug
compound in a 49/¢o to'5°/4o polylactide~co~glycolide ester
of a polyol, the polyol ﬁnit chosen from the group of a
(Cs-¢)carbon chain containing alcohol having 3 to 6 hydroxyl
groups and a mono- or di-saccharide, and the esterified
polyol having at least 3 polylactide-co-glycolide chains.

b) A sustained release formulation comprising octreotide or a
salt or a derivative thereof in a biodegradable,
biocompatible polymeric carrier.

We have found that & novel salt of octreotide is the pamoate
which is very stable in such formulations.
The present invention accordingly provides (i) octreotide



The drugs of use are preferably water soluble dr ugs e.’g. peptl des. The o
peptides of use in the fornulations of this invention may be a calcitonin, —
such-as sal non calcitonin, |ypressin, and the naturally occuri ng A
somat ostatin and synthetic anal ogs thereof. The natur ally occuring '
somatostatin i-s: one- of the preferred cofipounds and is @Ot-éllfb{décapeptl de

havi ng the structure:- - 9 - 600- 7110/ 1 |

Al a- A y- Cys- Lys- Asn- Phe- Phe- Trp Cys- Ser - Thr - Phe- Thr-Lys This hornone is
produced by the hypothal nrus gland as well as.other organs, e.g. the G

tract, and nedpaioase dndg¢iilee piddes&Hfor the prbhﬁactﬂen_raf eg‘ﬂi:édtjldé of -

pituitary gro n reI a t i nhi Bt rel ease
by the pitui t‘gﬁ%}nogg%% St a“ﬁ ?'f E:Qa&tqﬂht&&rlL Bg #opi%* egng%%b g%

systens, includmg reactiue Mdvqtewepti@rapfheur al, gastrointestinal and
vascul ar snmooth nuscle. It also inhibits the' release of insulin and
gl ucagon. The term "sonmatostatin” | nal ogues or derivatives -

t hereof . By d ePEFREPTIW OF, JTHE, ‘®ood" straight-chain, bridged

or cyclic pol ypeptides wherein one or nore 'am no acid units have been
omtted and/ or mf £R v§§§%fb1¥s Feggreg&g 1" tggb F gg (g) of and/or
wherei n one or More Jusctona roups cen replace ie or nore

ot her functi oneg@ptddesips and/ or one or nore groups have been repl aced by one
or several other isosteric groups In general .the termcovers all nodifié&d -~

derivatives of_a bi oIo a acti xhibit a quali atlvely.
simlar effect™% pﬁﬂ%?t O{ Iﬂ‘\ée éﬁff"é’gmi% 5§f€ﬁ'—ﬁﬁs d@ﬁﬁ‘@l@% BRome
anal ogs of sonataaﬂbiatoninarsmchhals sadménilcailloitopphaciypgessin, and the

naturally occuring somatostatin and-_eynthet‘ic analogs thereof.

4

The naturally occuring somatostatin is one '_of the preferred
compounds and is a tetradecapeptide having the structure:-

<)



natural somatostatin in'its effect on regul ati on of physiol ogic functions.
Preferred known sonatastatins are:- a)

( DxPhe- Cys- Phe- (D) Tr p- Lys- Thr- Cys- Thr-ol (Generic nanme Cctreotide) * b) (D) -
Phe- Cys-Tyr- (D) Trp-Lys-Val-Cys-Thr NH2 - 10 - ' 600- 7110/ 11
* ¢) (D) Phe-Cys-Tyr-(D)Trp-Lys-Val -Cys-[efri * d) 600-7110/11

(D) Tr p- Cys- Phe- (D) Trp~Lys-Thr-Cys-[err] e) '

(D) Phe- Cys- Phe- (D) Trp-Lys-Thr-Cys-[err] f) -
3-(2-(Napht hyl)-(D) Al a-Cys-Tyr-(D) Trp-Lys-Val -Cys-[err] g) (D) .Phe-Cys-Tyr- .
(D) Trp-Lys-Val -Cys-Terr] h) 3- -(2-naphthyl) -Ala-Cys-Tyr- (D)

Tr p-Lys-Val - Cys- [ r_@*_' _4D PhesCys-lerr] o
-Nal - (D) Tr p- Lys- 2 %-df’)ﬁr;‘ se‘%??%e?%% ﬁ‘rgn ‘each- of conpounds a) to i)
there is a bridge betweerd the amino acids nmarked with a * as indicated in

the next fornula. O her Ruefer Rl pheiBQ3latins are:- | |
HaCys-Phe-Phe-(E»Trp-Lyéaﬁhr-Phe-Cys4CH (See Vvale et al., Metabolism 27,

Supp. 1, 139 (1978)). * *
Asn- Phe- Phe- (D) Tr p- Lys- Thr - Phe- Gaba ( See European Pat. Publication No. 1295

and Appl n. No. 78 'ithLOS -'ggrllmo%!is* produced by the hypothalmus gland as well as
other'organs, e.g. the GI tract, and mediates, together with
&n/ GRF, q.v. the neuroregulation of pituitary growth hormone
release. In addition to inhibition of GH release by the-
pituitary, somatostatin is a potent inhibitor of a number of
. systems, including central and peripheral neural,

gastrointestinal and vasculér smooth muscle. It also inhibits
the release of insulip and glucagon. |

The term “somatostatin" includes its analogues or derivatives
thereof. By derivatives and analogues is understood
straight-chain, bridged or cyclic polypeptides wherein one or
more amino acid units have been omitted and/or replaced by one
or more other amino radical(s) of and/or wherein one or more
functional groups have been replaced by'one or more other

;_j functional groups and/or one or more groups have been replaced
by one or several other isosteric groups. In general, the term
covers all modified derivatives of a biologically active peptide
which exhibit a qualitatively similar effeét‘to that of the
unmodified somatostatin peptide.

Agonist analogs of somatostatin are thus useful in replacing
natural somatostatin in its effect on regulation of physiologic
functions. '
Preferred known somatostatins are:-
* - _*_ .
a) (D)Phe-Cys-Phe- (D) Trp-Lys-Thr~Cys-Thr-ol
(Generic name Octreotide) -
* : . %

b) . (D)Phe~Cys~-Tyr- (D) Trp-Lys-Val-Cys-ThrNH,



MeAl a- Tyr -( D) Tr p- Lys- Val - Phe (See Verber et al., Life Sciences, 34,
1371-1378 (1984) and European Pat.Appln. No: 82106205 6 ( publ i shed as No. 70,

021)) al so known as cyclo 600- 7110/41 (N-Me- Al a-Tyr-D- Trp- Lys- Val - Phe) ..
* * NMePhe-Hi s- (D) Tr p- Lys-Val -Ala (See R F.Nutt et

al.,. K in. Wchenschr. (1986) 64 (Supp+ 19l+) * soo -7110/1I

* H Cys-Hi s-Hi s- Phe- Phe- (D) Tr p- Lys- Thr - Phe- Thr - Ser - Cys- CH (see

EP-.A- 200, 188) . * * X- Cys- Phe- D Trp-Lys- Thr- Cys- Thr - NH2
and * - ¥ X—Cys Phe- D-Trp Lys- Thr-Cys Thr - ol mhereln X

is a cationic anchor. espe0|ally

e S(EL2) . R D bRl SUT AR SR 7 030380000) erei

acids marked with a *. The term derivative |*ncl udes al-so the correspondi ng

derivatives begyi e f“*ﬁ" . ] tins bear a sugar
residue, this ?); B?’Jg 'ég?Iy”{:eOE% L%gﬁqlﬂﬁl- 3’ mnal ami no group and/or-to

at | east one anino group*present in a peptide side chain, nore preferably

to a e} (D)Phe-Cys-Phe-(D)Trp-Lys-Thr-Cys-ThrNH,
o x R ' *.
- £) - 3-(2-(Naphthyl) - (D) Ala~Cys-Tyr= (D) Trp-Lys-Val~Cys-ThrNH,
g) . (D)Phe-Cys-Tyr- (D) Trp-Lys-Val-Cys-B-Nal-NH, -
_ R 3 o S x
h) 3-(2-naphthyl)-Ala-Cys-Tyr- (D) Trp-Lys-Val-Cys-B-Nal-NH,
* " * ' - '

i) (D)Phe~Cys-p-Nal- (D) Trp-Lys-Val-Cys-Thr-NH;

wherein in each of compounds a) to i) there is a bridge between
the amino acids marked with a * as indicated in the next
formula.

‘Other preferred-somatost_'atin's_ are:-

D Kmimee *

P 1 -
H-Cys-Phe-Phe~- (D) Trp~Lys-Thr-Phe~Cys-OH.

(See Vale et al., Metabolism, 27, Supp.l, 139 (1978)).
L% . ) ’

Asn-Phe~Phe- (D) Trp-Lys-Thr—Phe-Gaba

(See European Pat. Publlcatlon No. 1295 and Appln No. 78
100 994.9). ’

* . *

MeAla~Tyr- (D) Trp~Lys-Val-Phe
(See Verber et al., Life Sciences, 34, 1371-1378 (1984)

and European Pat Appln.No. 82106205.6 (publ:.shed as No.
.70 021)) also known as cyclo :



Niterminal amino group. Such compounds and their preparation are disclosed,
e.gv in WD 88/02756. Fhe term octreotide derivatives includes those

i n&udi ng the noi ety -D Phe-Cys- Phe-DTrp-Lys-Thr-Cys- hdving a bridge

bet ween the Cys residues. - 12 - - 600-711%/|| Particul arly
preferred derivatives are [.err]a-glucosyl"—l_1 - 00-7110/11
(1-4-deoxyfructosyl ] - DPhe- Cys- Phe- DTr p- Lys- Thr - Cys- Thr-ol and

[ err]-deoxyfruct osyl - DPhe- Cys- Phe- DTr p- Lys- Thr-Cys-Thr-ol, each having a
bri dge between the -Cys- noieties, preferably in.acetate salt form and
descri bed i n ExamiNeie-RlanrkyriDrlrppys-VelktBhebf t he above nenti oned
application. The somatastatins may exist e.g.xin free form  salt formor in
the form of conplexes thereof. Acid addition salts may be fornmed with e.g.

organi ¢ acids, pol ymefMePhecHis- Qhdrn38sg@drlaci ds. Acid addition salts

i nclude e.g. the hydrochl oride and acetates.. Conpl exes are e.g...fornmed from

somat ost ati ns on ‘addi t,i LNQr gani.c s e.J.,4 ic salts or
hydr oxi des such as Ca-(ls‘e%%de%hﬁdsl |?€%éﬁw d%rﬁ}éﬁpoggg?sﬁ on gfgégg%qﬂeri C organic
subst ances. The ad&ppleVEHIt is a preferred salt for such fornul ations,

especially for mcroparticles leading to a reduced initial drugxburst. The
present invention also_provides . the pa te salt, which is useful,
particularly for inpl aﬁféysa'ﬁﬂs'tﬂﬁ'é'%}%ggg'sl) 1W§'Wé’5§?'§i’6§ﬁr‘$ﬁ%'%npat e
may, be obtai ned in conseatEPored00pt8B)er, e.g. by reacting enmbonic acid

(pamdic acid) with octregfide e.g. in free pase form The reaction may be

effected in a polar solvent, e.g. at room'tenperature.
: X~Cys-Phe-D-Trp-Lys-Thr-Cys-Thr-NH,

and
* *

X~Cys-Phe-D~Trp-Lys-Thr-Cys-Thr-ol

wherein X is a cationic anchor

especially

* *

Ac~hArg(Et;) -Gly-Cys-Phe-D~Trp-Lys-Thr-Cys-NH;
(See EP 0363589A2)

-wherein in the above mentioned amino acids there is a bridge
between the amino acids marked with a *.

The term derivative inciudes also the corresponding derivatives
bearing a sugar residue. - :

When somatostatins bear a sugar residue, this is preferably
coupled to a N~terminal amino group and/or to at least one amino
group present in a peptide side chain, more preferably to a
N~-terminal amino grbup. Such compounds and their preparation are
disclosed, e.g. in WO 88/02756.

The term octreotide derivatives includes those including the
moiety

_ * .. % . :
-D-Phe-Cys-Phe-DTrp-Lys-Thr-Cys- having a bridge between the Cys
residues. .



The senmatostatins are indicated for use in the treatment of disorders
wherein long termapplication of the drug is envi saged; -e. g. disorders-w th
an aetiol ogy conprising or associated with excess GHsecretion, e.g. in the
treatment of acronegaly, for use in the treatnent of gastroi nt estinal
di sorders, for-.exanple, in the treatment2or prophyl axi §0&f73386%3 ¢ ul cers,
ent erocut aneous and pancreati cocutaneous fistula, irritable bowel syndrorre,
_ dunpi ng syndrone, watery diarrhea syndrone, acute pancreatitis and

gastroent eropat hi c endocrine - 13 - . 600-7110/11 tunors
(e.g. vipomas, .CGRFormas, gl ucagonomas, insuli nomas “gastrinonmas and

carcinoid tunq:_;s[)c aS1a4% lpﬁ?ﬁﬂ%ﬁéﬁ@%ﬂﬁtfﬁé g §d§ RGosi-€ast cancer and

COI’Tp| i cations assocl at € r| C car I er may be

prepared from 61"6CM!—’FW@SMDBXI%TFQ@r%@ﬂ@ﬂmsymyss%%saflq near
pol yesters, brranqb%oayfmwypnmwysap@tw@aryschwmsL-ﬁd:l-al; ddchrom a

pol yol noiety, c O her.esters are t.hose o Iactlc acid,
pol ygl ycol i ¢ @Y dgg;ﬁgltb ﬁ‘?ﬁﬁr BQWPyWeC g ?dmb%tr’féap?ﬁﬁfﬁgf ool yal kyl ene
oxal ate, pol yadephnsagt yioon st described cind Exaiplebe2 Kandbl sresped:ta,veéyg
citric acid cygd @hg%&gqﬁe&g&e@hgpﬁfﬂgg{%pr S thereof. The preferred

are

polymers of this 1nvention | near polyesters and the branched
chain polyesters. -The |inear pol yesters nmay be prepared fromthe

al pgahydr oxy O?Iebsmiltloﬁtmmdzmayeeglsﬂ ac§i Gnacieb aaﬁn,glsﬂelﬁoema@r d.n by theu -
Fhear pol yi acineuESeh B8 | Sn fielc Liersif” e FARTRGF, T8k Be SPhE U5 e
i nvention convcertheeltq .y obgandc aacidise cpalymexdsi ghids and 1norgan1c acids. '
Acid addition salts include e.g. the hydrochloride and acetates
Complexes are e.g. formed from somatostatms on addition of
inorganic substances, €.g. inorganic salts or hydroxides such as
Ca- and Zn-salts and/er an addition of polymeric organic
substances.

The acetate salt is a preferred salt ‘for such formulations,
: espec1ally for microparticles leadlng to a reduced initial drug
burst. The present invention also provides the pamoate salt,
which is ﬁseful; particularly for impiaﬁts-and the process for -
its preparation. - o = o ;hd
The pamoate may be obtained in conventional manner, e.g. by
reacting embonic acid (pamoic acid) with octreotide:e.g. in free
base form. The reaction may be'effected,in.a polar solvent, e.g.
at room temperature. _ : .

The somatostatins are indicated for use in the treatment of
disorders wherein long term'application of the drug is .
envisaged, e.g. disorders with an aetlology comprising or
associated with excess GH-secretlon, e.g. in the treatment of '
- acromegaly, for use in the treatment of gastrointestinal
disorders, for example; in the treatment or prophylaxis of
peptic ulcers, eﬁterocutaneous and pancreaticocutaneous fistula,
irritable bbwel-syndxome, dumping syndrome, watery diarrhea
syndrome, acute pancreatitis and gastroenteropathic. endocrine



bét ween 25,000 and 100, 000 and a pol ydi spersibility MvV Mh e.g. between 1.2°
and-2. The branched poltyesters preferably used according to the invention
mayebe prepared using pol yhydroxy conpounds e.g. polyol e.g. glucose or
mannitol as the initator. .These esters of a _polyol are known and descri bed
in UK Patent GB 2,145,422 B. The pol yol codfarns at |east S90n{H9d%y gr oups
and has a nnlecular wei ght of up to 20,000, with at least 1, preferably at
| east 2, e.g. as a nmean 3 of the hydroxy groups of the polyol being-in the
formof ester groups, which contain poly-lactide or co-poly-Ilactide chains.
Typically 0.2% gI bunee i(s.quseibames; GRFomas: pbucagenemasyi twsulihemastruct ure of

the branched gaétrinomas and carc1$$1 QOPamor4f/ dd ind3&§S§f§E§othE§%§inéﬂqaped

The preferred poI ester' ains in | L near_and star ounds
preferably used aécﬁﬁqipﬁg hrgast £aneRze ApE FOMRL 3L pRE ﬁ?é?%la&ﬁdt‘ﬁé?hal pha
carboxylic acid ngisddtes. |actic acid and glycolic acid, or of ‘the | actone
dimers. The nolar ratios of lactide: glycolide is fron1about 75:25 to
25:75, e.g. 60:40 to 40:60, with from55:45 to 45:55, e.g. 55:45 to 50:50
t he nost pref err elhe Fodymsaric mryieemyrrbg preparesp freml bhgcampatiblegand pol yol

wth a lactide an? e?fz %li p@i\mgﬁ %ﬁe%lsi ﬂﬁaé%fr g%k@é/z%t eﬁrat,ﬁﬂggrature

in the presence o S ariln mer| zati on

feasible. W havepﬂﬂﬂﬁﬁe’t'%&l‘l%fh axe vifeay £haing e %éﬂtalr"gp&%érpqui’ﬁé in the
fornul ations of theiquyeserf. §IucvBE] Wthes esths drestigzecefiipalylestdbtadidn be

relﬁflvely hi gh, giw Sic |I|t n_har to
implants and to rrg 8”?3‘3?&% %ia& \Aﬁﬁg@?’ g’f%é; g ‘f;i %@%&Pf“ga&?ﬁ‘é“r'

al t hough rel ati vepglysibylengobzdlatei dvelmbhyﬂenergéyp@b%hers ofaatiidg oH .the
control | abl e Kreb’s cycle, e.g. c1tr1c acid cycle and the like and copolymers

thereof.

The preferred polymere of this invention are the linear.
polyesters, and the branched chain polyesters.

The linear polyesters may be prepared from the alphahydroxy
carboxylic acids, e.g..lactic acid and glycolic acid, by the
condensation of the lactone dimers, see for example US Pat.No.
3,773,919.

g_; Linear polylactide-co~glycolides which are preferably used
according to the invention conveniently have a molecular weight
between 25,000 .and 100,000 and a polydlsper51b111ty Mw/Mn e.qg.
between 1.2 and 2.

The branched polyesters preferably used according to the

invention may be prepared using polyhydroxy compounds e.g.

polyol e.g. glucose'or mannitol as the initator. These esters of

a polyol are known and described in UK Patent GB 2,145,422 B.

The polyol contains at least 3 hydroxy groups and has a

molecular weight of.up to 20,000, with at least 1, preferably at..
- least: 2, e.g. as a mean 3 of the hydroxy groups of-the polyol

being in the form of ester groups, which contain poly-lactide or

co-poly-lactide chains. Typically 0.2% glucose is used to
-initiate polymerisation. The structure of the branched



L4

bi-odegradation rate of the polynmer ranging fron1seJéraf weeks to one or two
nmont hs and to a correspondi ng sustained release of the.peptide, whieh nake--
a depot fornulation nade therefromsuitable for e.g. @ oné nonth's rel eas&y
The star polyners preferably have a main nolecul ar weight [err] in the
range of from-about 10,000 to 200, 000,~ preferably 25, 0080%3110FI000, :
.especially 35,000 to 60,000 and a pol ydi spersity e.g. of from1.7 to 3.0,
e.g. 2.0to 2.5. The intrinsic viscosi-ties of star polymers of [err] 35.000
and [err] 60.000 are 0.36 resp. 0.51.dl/g in chloroform A star polymer
havi ng a [err] pbRyedBOrsids stas shaped.yThs pRefie¥red| pajlyentehicbaifsoim thehe
terms m crosphgg L cf IQLBB P A L. ed be _
i nt er changeabl gir\?mea[{hx?&e%gggﬁlg % E ce!mf%lvent ?%%éﬁg%dﬂ{jgﬁ%e%%# ﬁgﬁhgﬁcg%sul ation
of the pepti desh@yinvaetiogorsansppolimers efote aipha terrbpephicdacid stri but ed
througholyt tBFm@:Eét)ﬁ.EELla‘&ﬁi@faclid édﬁﬁ@lf’cdmbradidf, Oér.tdietl:llilﬂlbl_:&ﬂze I'n _thftt |
case prefera X the_ter m_c[ pS r L Jor ally. mcroparticle are
used. . - 15 Biners . The"mr.q?ar éﬁgl";s?fg/fﬁc(%ﬂg?h _(iggiﬁ%aéi f§8’ﬂa§bé’5?on
techni que the Br2fuktat25s, of.qt.hb6®: 40nbe Adi: 68, neyh biropr BpaliSetio f45:S5Bxanpl e by
di ssol vi ng t he_ppl 8 GoCog 50 End Bl I ' . sol vent, . which is a _
nonsol vent for of é*ggé)%'i 8e,36"fggl Fl(l)vm n§££getfhgré;iadd_i tion and dispersing a
sol ution of thEhPESHEF ROLYRSEH B2P NS, PEFPAXSAVRH TRBMITSRIRUNOL Aifhase i nducer
e.g. asil |-CO”Qaéﬁildbdaﬂcﬁpﬁ:@ﬁé’raBd?%ista iglgueRIGRNEBRaULEEvaRBAOf the peptide,
by the polymer, The grﬁg.bU£st effect can be, |gg{f|ca€&%ﬁ reduced by
insitu preci patFRFBFMT Lha qq'ﬁ’ﬁe%a‘béﬁ N §5 & &MY sol ution
to the pol yner opeingi polyperimation fleastblespar ati on. The prior art method
i nvol ves addi nge diabePpbiraCtist dh!ffvahVade” of e QLY Bo1 FAUA LY in the

formulations of the present invention is, that its molecular

weight can be relativgly high, giving_physical stébility, e.g. a

certain hardness, to implants and to microparticles, which

‘avoids their sticking together, -although relatively short

- polylactide chains are present, leading:-to a controllable

*

biodegradation rate of the polymer ranging from several weeks to
one or two months and to a corresponding _sustained.releasé of
the peptide, which make a depot formulation made therefrom
suitable for e.g. a one month’s release.

The star polymers preferably have a main molecular weight M, in'
the range of from about 10,000 to 200,000, preferably 25,000 to
100,000, especially 35,000 to 60,000 and a polydispersity e.qg.
of from 1.7 to 3.0, e.g. 2.0 to 2.5. The intrinsic viscosities
of star polymers of M, 35.000 and M,, 60.000 are 0.36 resp. 0.51
dl/g in chloroform. A star polymer having a M, 52.000 has a
viscosity'of,0;475 dl/g in chloroform. .

The terms microsphere, microcapsule and microparticle are
considered to be interchangeable with respect to the invention,
and denote the encapsulation of the peptides by the polymer,

- preferably with the peptide distributed throughout the polymer,
which is then a matrix for the peptide. In that case preferably
the terms microsphere or more generally microparticle are used.



The therapeutic duration of peptide rel ease can be increased by

har deni ngiwashi ng the mcroparticles with an enul sion of buffer/heptane.
Thg.prior art nethod involves a hardening step foll owed by either no
subsequent washing, or a separate aqueous washing step. An enul sion of ‘the
type oil-in-water. (= Qw may be used to w8 and harden tR8-T1&/EEpheres
and renove non-encapsul ated peptide. The wash aids in'the renoval of
non-encapsul ated peptide fromthe surface of the microspheres. The renoval
of excess peptide fromthe m crospheres dimnishes the initial drug burst,.
which is characteristic of many conventional encapsul ation-formul ations.

Thus, a nmore consj I ' v . Derj i ' 0ss4i bl e
with the present %E%@oé%ﬁgﬁgséj?re h%%%if’gn%rd@h‘gﬁe%%jsf? %&léalqggﬁ%iqgs&?inéjt he
removal of resi dudlvessigmmayshs paepargddfahexamnlecindisselivdng e enul si on

T, 55 S0 1 poabbie koo bl o o sy aiigd o e

enul si on. is preferre - Q r peptide m xture be gdded to the
enul si on. - The o/ mﬁ%&ﬁ‘glﬁﬁi’t‘:ﬁ%’ ngﬁg’éﬂé@dtﬁ%i%‘?ﬁltém@nﬁ?‘gidflﬁg?rséﬂgha as -
16 - . séltici Id¥ the pepbideadn niveopalymatesclSpain cdfipesiRégn stzer ed

2 1100 | R b g 4o 8419 k) e e

emul sion may be b W T h , non- r'inment to the
peptide and the persaARSElafHOR| oL Fhe ephide PHLhe PPEMeFay be frompH 2 to 8
W th .a pH 4 preferred. The buffer may be prepared fromacidic buffers such

Tt braa ror 1 Bhe gREF aRSe MHehEL SRthd MEoldeiEnaldl FRaRblIB ™Y 08 oo (he
organi ¢ phase of f{isitbupfezipation of ultra fine drug particules, by adding
a drug solution to the polymer solution prior to phase.
separation. The prior art method involveés adding dry particles
directly to the polymer solution.

The therapeutic duration of peptide release can be increased
by hardening/washing the microparticles with an emulsion of
buffer/heptane. The prior art method involves a hardening step
followed by either no subsequent washing, or a

Separate aqueous washing step.

&_; An emulsion of the type oil-in-water (= /) may be used to wash
and harden the microspheres and remove non-encapsulated peptide.
The wash éids in the removal of non-encapsulated peptide from

" the surface of the microspheres. The removal of excess peptide
from the microspheres diminishes the initial drug burst, which
is characteristic of many conventional encapsulation
formulations. Thus, a more consistent drug delivery over a
period of time is possiblé with the present microsphere
formulations.

The emulsion also aids in the removal of residual polymer
solvent and the silicone fluid. The emulsion may be added to the
polymer peptide mixture, or the mixture added to the emulsion.
"It is preferred that the polymer peptide mixture be added to the
emulsion. '

The o/w emulsion may be prepared using a emulsifier such as



The enul sion may contain di spersing agents such as siliconé oil. A .
preferred enmul sion may conpri se heptane, pH 4 phosphate buffer, silicone
oi |l and sorbitan nono-ol eate. -Wen an initi;al drug rel ease may be N
desirabl e, a single non-solvent hardening step nay be substituted for the
enul si on hardeni ng.. Heptane, hexane and lthe |i ke, may be&0+rJaUOALEL t he _

. solvent. Oher alternatives to the o/w enul sion may be used for hardening

the m crocapsul es, such as:- Solvent -plus enulsifier for hardening the

m crocapsul es wi t hout washing; and solvent plus enulsifier for hardening
fol | owed by a %eammemmblmest(egmn Be- Meyisteredi ant TRydd Bt extIwi t hout -

t he di spersing_.agent._. di s g aval ds_a egation of
the dry part’i'clcggptr}f'_aﬁgcr:ﬁ‘&%%g gén’%ﬁ% %nétsapil% C e% ntrﬁéerty Q%hoal ﬁ'@(ps to
reduce the | evide biffieged diish %cblu\iéwt whitglrits- non-wietrimental onthéor t he

pol ymer matri X gaBt fid ghq ithe! y&'ﬁmaﬁtmlr@ﬂem&aml dene @akeépfnem@%@éﬁne

et hyl acetate, andth ] ke. Thegﬁl elsﬁg % r%),/y di ssolved i n an

al cohol i ¢ sol vEHt2 t© § wikb apfbid ecreds T t Re (RTEPRERY, fEpm

sol vent. The pfaaseld bdBfessS statDas ephwaphate dYEfdrs) acstmteobuffeksanhithé are

- 17 - | ~ like. nggr a:!l.%gélniag %%u?k&é’&tteﬁ H}et% gg drug mxture, and £

cause the enbryonitc 'm crocapsu ormprror to ni ng; silicone oils
are the preferﬁéﬁtmsbexarﬂéu%@% $he TH&keonay é’ﬁuﬂ%ﬁdoﬁsrﬁi{@ prgapiephase ohH a
conventi onal ngRaekuA¢aNg hept ane, hexane and the like for the organic

phase. The mcr artlcg?s of this,inyvention Isocg repared by the
general |y knowt B, Ry ¢AGe Ly dHepering, eﬁ‘gst%‘ h?g sr?'gf'ﬁ?ﬂf P%%' '
somatostatin, or a soI ution of the peptide in-an organic -

A preferred emulsion may comprise heptane, pH'4 phosphate

buffer, silicone oil and sorbitan mono-oleate. When an. initial

drug release may be desirable, a singlé non-solvent hardening
step may be substituted for the emulsion hardening. Heptane,
hexane and thé like, may be used as the solvent. -

_ Other alternatives to the o/w emulsion may be used for-hardening -
the microcapsules, such as:~ - '

Solvent plus 'emulsifier for hardening the microcapsules without

™

washing; and solvent plus emulsifier for hardening followed by a ‘-’
. separate washing step. ' '

The o/w emulsion may be used without the dispersing agent. The
dispersing agent, however, avoids aggregation of the dry
particies of microcapsules due to static electricity, and helps
to reduce the level of residual solvent.

Examples of the solvent for the polymer matrix material include
methylene chloride, chloroform, benzene, ethyl acetate, and the
like. The peptide is preferably dissolved in an alcoholic

.solvent, e.g. methanol, which is mlsc1ble with the polymer
solvent T

The phase inducers  (coacervation agents) are solvents which are



sblvent, e.g. nmethanol, in water or in a buffer, e.g of pH 3-8 and a
solution of the polyner in an organic solvent, not mscible with the forner
oness e.g. nethylene chloride, are thoroughly mxed. The forred sol ution,
suspension or emulsion is t hen- sprayed in a streamof: air, preferably of
warm air. The generated microparticles areltollected, e. gﬁowléo&/fcl on and
i f desired washed, e.g. in a buffer solution of e.g. pH 3.0 to 8.0
preferably of pH 4.0 or distilled water and dried in a vacuume.g. at .a
tenperature of 20 to [err]. The washing step can be applied, if the

particl es exhi bi tmizcdbley wlith thei pbbymuﬁ-dragdni:dtare,xmdtcanfsetm eibieyotie St

woul d be undesi 1 oghorfBady bl ' s8 BEELEYE BULLSIERD RAE Uhs are the

M croparticles can acc Tngly alne an | nmprove

somat ost ati n rel ceredeprask Ph%ser nn@ums The i nvent i on thus al'so relates to
the mcroparticles prepared by this process The invention thus additionally
provi des a sustained rel ease, formulation pared by mxing a somatg@statin
or a solution of ﬂ‘eSBﬁ‘ﬁteﬁ'é‘f'%\’tqnnmﬁ"l bRERTFRA ? dP fcftonveriogal mapper IFEPH 3 -8
and a sol ution ofhdphengohpkans ane-the- ikec Hdr dhei srgamidiyphese. chl ori de and
spraying the fornmed sol ution, emulsion or suspension of somatostatin in the
pol ymer solution in a streanlof warm air, collecting the mcrospheres and
washi ng them i n &the micrpparticles of thl%dovem.tmmmamalscebesmmrembaftlpﬂ-l 3.0

to 8.0 or destil lgedxewi@r kam dp¥dylaryiRNbidtedu¥dC RoBdHing ﬂ'oe'lmﬁé HeWih&y of
frow20 to [err] ared wiith mcro art.lclogshhg Bg d,accordi tothe

phase separation 1"th(?cf"i gtatine, ongd FRtUtion: éhjan gy in
traces, since no sillvenigneog! mesharxdg im whber opr ity adbyfﬂeg,te@nfcpfe:s-?he

formulations of they bryagtig) o@‘%e%éﬁml%? B SRAGEANYS dvént, not
mlsc:Lble with the former one, e.g. methylene chloride, are
thoroughly mixed.

The formed solution, suspension or emulsion is then sprayed in a
stream of air, preferably of warm air. The generated
microparticles are collected, e.g. by a cyclon and if desired
washed, e.g. in a buffer solution of e.g. pH 3.0 to 8.0
preferably of pH 4.0 or distilled water and dried in a vacuum

- e.g. at a temperature of 20 to 40°C. The washing step can be

C applied, if the particles exhibit a drug burst in vivo, and the

extent of the drug burst would be undesired. As a buffer an
acetate buffer can be used.

Microparticles can accordingly be obtained, exhibiting an
improved somatostatin release profile in vivo.

The invention thus also relates to the microparticles prepared
by this process.The invention thus additionally provides a
sustained release formulation prepared by mixing a somatostatin
or a solution of a somatostatin in methanol or water or a buffer
of pH 3 -8 and a solution of the polylactide—co-glycolide in
methylene chloride and spraying the formed solution, emulsion or
suspension of somatostatin in the polymer solution in a stream

- of warm air, collecting the microspheres and washing them in a



triple-enulsion procedure. In a typical technique, pept’i de e. g. octreotide -
Is dissolved in a suitable solvent e.g. water and errul SIfI ed intensively
into a solution of the polyner, e.g. 50/ 50 (s
pol y(D, L-1 acti de-co-glycolide)glucose in a solvent, whi ch i's a non-sol vent

for the peptide,..e.g-in nmethylene chleritle. Exanpl es of0@47aigftvent for the
polymer matrix material include nethylene chloride, chloroform benzene,

ethyl acetate, and the |ike. The resulting water/oil (w o) erulsionis

further emulsified into an excess of water, containing an enul sifying

subtst atnce e. ?bufﬁ%‘r %Bl@ﬁdhl ef 151‘103 % Qlalt g. (B'éﬁ:f@é‘égzamled)?:atéﬁlafnhl clmrﬁhga
protective colloid e g. ge ex 0 ul ose

pol yvi nyl pyrr PR 2 IS?)'TQW ?ﬁ/l 5?@&{8 ure\/\ﬁf.aﬁ: B‘x%ﬁ éb&cg h’%&g

gener ati on of wihbk mmrppert(lwle#,wprm,ﬂedl ageording tocthepphese [sepaxatdofior med by
spont aneous prt%Ehﬂc#u%t'ﬂ{éyO&otd& M&Eﬁrsﬂﬂgoﬁ‘%&ﬁer&ienbﬂot?‘iﬁpﬁ’{]a%tebon of the

organi ¢ sol vent afine serves to preveni aggl oheration of
mi crospher es. SARE®MosgdlifoR: oty df ‘Eﬂedt kR thecsRERYr ErHngstedhdigqefrer natent s
decanted and the mcroparticles are washed with water and then with acetate

al'so be di sperGBotampagtper e e TriephisH ey HiRe B4 Erepdih BFfY 8° °°"

resul ting susrtemplmmuésmnxp-’cbcmdnte-t Iie gy divaicale techmiguei eephddere.ghase. The

-~

oor & ol o7 eREAARAUTS di Ssdiveditd bONARDBERATE B0 wafefRatil

According to this patenft In firs g g.solution (1) In a so
e.g. somat ostﬂﬁs%ﬂe%%‘&enﬁﬁﬁlﬁnhnt? aI 9'}é‘§1%‘1 o§21}he POLYPRFr 0B y i xed
with an excessso¢50 @opgl(ly,lmutchsaeeoe-@lycmludétgmul_nna(ac)lventambm

ﬁglt vgg][ ub: 2, é._s a nﬁémt-ﬁojl.veerr]% 8he (fe%QQaJ,l%%' in %trﬁﬁe}xgeclfl'&f&e.sm vent is

Examples of the solvent for the polymer matrix material include
methylene chloride, chloroform, benzene, ethyl- acetate, and the

. like.The resulting water/oil (w/o) emulsion is further

" emulsified into an excess of water, containing an emulsifying
substance, e. g"an anionic or non-ionic surfactant or lecithin
or a protectlve colloid e.g. gelatlne, dextrin,
carboxymethylcellulose, polyv1nylpyrrolldone, polyvinyl alcohol,
which provides continuous generation of_the trlple (w/o/w)
emulsion. The microparticles are formed by spontaneous
precipitation of the-polymet.and hardened by evaporation of the g_)
organic solvent. Gelatine serves to prevent'agglomeration of the
microspheres. After eedimentation-of the microparticles the
supernatent is decanted and the microparticles are washed with
water and then with acetate buffer. The microparticles are then
filtered and dried.

- The peptide can also Be dispersed directly in the polymer
solution, whereafter the'resulting'sﬁspension is mixed with the
gelatine containing water phase. )

The triple emulsion procedure. 1s known from the Us-Patent No
4,652,441. AccorQ;ng to this patent in a first step a drug
solution (i) in a solvent, e.g. somatostatin in water .(Column 2,
-linee 31-32), is thoroughly mixed with an excess of a.
polylactide-co-glycolide solution (2) in another solvent, in



giving a water-in-oil type (wo) enulsion (3) of fine drug-containing
droplets of (1) in solution(2). In solution (1) is additionally dissolved a
soagal | ed drug-retaining substance (Colum 1, line 31), e.g. gelatin,

al bumin, pectin, or agar. In a second step the viscosity of the inner phase
(1) is increased by appropriate neans, |ike9heating, cool ie0gs7106/Thange,
addition of netal ions, -or cross linking of e.g. gelatin with an al dehyde.
In a third step, an excess of water is thoroughly m xed with the

w o-emul sion (3), (Colum 7, lines 52-54), leading to a [err]type

ternary-|ayer ewbﬁiicfﬁantné 21 ERE $BXG61S 19 nokalSlunde S .62 hetily SRY éh'wf'hiae,
agent may if desired be present (Colum %,_Ilne 56), “chooséen from the group
of ‘e.g. an ani oni ¥ERIYHAEETFHEnsPRY F¥PAN 0} Sudsicn,|(§liafyEiBR/r 1 0l i done,
polbyvi nylj al COhO'ﬂﬂig-ﬁGﬂats’atihﬂﬁJ dkt(i?ﬁtﬁoblﬂé tt) SirﬁBol\Etﬁ.ohﬂ)L.] -emrJ]I sion is

subj ected to "in-yate ving" .. (line.5 Th t hat organi c
solvent in the oi 'n_Iszgél‘étr{o?és(%eéﬁr%%%%%ng&%e%astggfﬁﬁad;?.o?)%rcﬂ'%?cgs. The
desorption is accémg-retsiaing substancer (Colomm peldinge 3llolesgn ®latimes 3-5),
e.g. by pressure gaGkeRSDewbid,Coflddaking (Colum 8, lines 5-7) or e.g. by
bl owi ng nitrogen gas through the oil, |ayer .g. nmethylene chlqride) (line
19). The forned n?’braoﬁ%t‘?"(‘ﬁdb??é’ Lhe vise Veéft’f?‘%%ﬁ’@ﬁ?’@@&ti nidr :
filtration (l|inesiitfredsgd dpdaggieprimtponsnnss likeCheatiag)@oolivinr pRrated in

i ovgpa £ ol o5 ar e FERoP hablad ol e erblf 188bing br 8 EharliT o
of water and of s®ithepn gldebydenet hyl ene chloride fromthe mcroparticle
val | (lines 30-323y Vbhist stdl; aRWiRePS Qﬁeﬁét_érsi§ac_trﬂo§6@%;19wi£earw£ﬁhetne
production of forpulations aggordi to, the inyentjon gwever’, the
so-cal | ed . drug-re aﬁ’m“\ﬁ]gslé’ﬁbg.ﬁang@q??@ﬂt?'oﬁéﬁesaggé%"e.lﬁa.dlﬁgl%ﬁ Pne,
W/o/w~type ternary-layer emulsion. In the excess of water a
so-called emulsifying agent may if desired be present (Column 7,
line 56), choosen from the group of e.g. an anionic or nonionic
- surfactant or e.g. polyvinyl pyrrolidone, polyvinyl alcohol or
gelatine. _ ' '
In a fourth step the W/o/y-emulsion is subjected to "in-water
drying", (line 52). This means that the organic solvent in the
oil layer is desorbed to generate microparticles.
_ The desorption is accomplished in a manner known per se (Column
ﬁ*; . 8, lines 3-5), e.g. by pressure decrease while stirring (Column
8, lines 5-7) or e.g. by blowing nitrogen gas through the oil
layer (e.g. methylene chloride) (line 19).
The formed microparticles are recovered by centrifugation or
filtration (lines 26-27) and the components which are not
incorporated in the polymer are removed by washing with water
(line 29).'If desired, the microparticles are warmed under
reduced pressure to achieve) better removal of water and of
solvent (e.g. methylene chloride from the microparticle wall
(lines 30-32).
Whilst the above process-is satisfactory for the production of
. formulations according to the invention, however, the so-called
drug-retaining substance mentioned avae,-e.g.'gelatine,
albumin, pectin or agar, is still enclosed in the resultant
microparticles. - ' '



al bumin, pectin or agar, is still enclosed in the resultant microparticles. -
- 20 - 600-7110/11 Wien the addition of -the-drug retaining .-
substance (= in solution (1)) and the step of increasing-the viscosity of i/
the inner phase is avoided, and in the excess of water of the ternary
[err]emul sion, .the neasure of addi ng argeerul sifyi ng sSubEI-anTE/ IIr a .
protective colloid, like gelatine is maintained, satisfactory :

m croparticles can still be obtai-ned. Additionally, the mcroparticles do

not contain any drug retaining substance, and only a very small quantity of
met hyl ene chloride: The invention provides a process for the producti on of

m croparticl es nay a), a,solution of a

are i nt ensi vel
drug, preferabP§t thEo?FE{lGE?%t"& tXeeé’ﬁE%Fﬁtﬁn r%‘&ﬁsi%aﬁc? f=a#P aqueous
medi um pref esahli;ﬁ.owatnn and £hbustfepr of pinetreasiblgythe) vaseesightdf/ ahene ratio

of 0.8 to 4.0,g 4, 1>h£§’ J%O{)QlPng%qlalg{t%a sglls s 18 3496 x”&fat éJffer of pH

3-8, espeC|aIﬁy an-ace GtTon 67 a ‘pol'y
preferably a: pgr@aracfldere@@lsgppcmhedaeasy@erpfagdﬁmq a@mlaiafjmg in an

OL gam g sol vefehbsﬂa%erezssl M&e\ﬁt%\}b lE:BEloin,lePilé‘e Ps tife aai%l%témhene
chl oride, preferah in a,wei vol unme r -
especi al | y 40F3gkSta éF%?YeF‘éﬁ%P 1l§8ncap ﬁgﬁiﬂetbet qf‘ﬁ‘g \bgfi SR %nt ratio
of the drug tahé hdcpopartdcles dbrmot tbﬂﬁmoaﬁp dreg pe=taihing suldstannd, t he
vol unme/ vol une t o o) is 1/1.5 to 30, -
especially 1/ EB& dlﬁe(eérm leé‘&%ix %L[ erﬁ? %Fgﬁa 3:215.8?{33 in b) toget heru
with c) an excess of an aqueous nedlun1 preferably water or a buffer, e.g.
an acetate or TREOiSRBEAE RoNPPEdides i Dir6éeHd Yopftha PrddacBion of -

microparticles may be prepared by intensively mixing:-

a) a solution of a drug; preferably a_somatostatin,_especially
s octréotide in an_aquéous medium, preférably—water=or-a
buffer, preferably in a weight/volume ratio of 0.8 to 4.0 g /
~ 1 to 120 ml, especially 2.5 / 10 and in a buffer of pH 3-8,
espec1ally an acetate buffer, and '

b) a solution of a polymer, preferably a polylactide-
co-glycolide, such as mentioned above, in an organic solvent, .
not miscible with the aqueous medium, e.g. methylene o/
chloride, preferably in a weight/volume ratio of 40g/90 to
400ml, especially 40/100, preferably in such a manner that
the weight/weight ratio of .the drug to the polymer is from
1/10 to 50, especially 1/16 and the volume/volume ratio of
the aqueous medium/organic solvent is. 1/1.5 to 30, especially

© 1/10, intensively mixing the.¥/,-emulsion of a) in b)

together with ' '

c) an excess of an aqueous medium, préferably water or a buffer,
e.g. an-acetate or phosphate buffer, preferably of a pH 3-8,
containing an emulsifying substance or a pfotective colloid,

;;preferably in a concentration of 0.01 to 15.0%, particularly
gelatine, especially'in a concentration of 0.1 to 3 %,
particularly 0.5% of weight, preferably at a volume/volume -



contai ning an enul sifying sybstance or a protective colloid, preferably-in
a-concentration of 0.01.to 15.0% particularly gelatine, especially in a
consentration of 0.1 to 3 % particularly 0.5% of weight, preferably at a
vol une/ vol une - 21 - 600- 7110/11 m xi-ng speed rati o of .ab)
/ c) of. from1/10 to 100, especially 1/40s 28 £hout addi ng 600y7010/3I

retai ning substance to the water-in-oil enulsion or applying any

i ntermedi ate viscosity increasing step, hardening the enbryonic .

m croparticles in the formed [err]enul sion by desorption, preferably by
evaporation, of the p1.038i fedal ¥8Ab o8] & 3P! ¥ Febid/g0 L) de, and by
I solating, optionally waShing_and drying the generated m croparticles. A
process variant is a %%635351’{[5?@' in whi-ch the drug is dispersed directly
in the polymer solution, whereafter the resulting dispersion is mxed with

the gel atine cont ai.pi Ler ke, mcr el repared.accardi ng
to the spray dryi %’é (gughn qlglg, Q:{];ﬁgsu %oegg%ﬂggn%{%%%ﬁsﬁ ?%o‘%‘eo??t.e' ﬁp%ﬁed
Wi th mcroparticl esulsiopacedppiyingdany) intenmedisteowbsaosipy einemedsingnsiarocess

type, they do not hGoalmhl @Y eRbRdRic HicPopdlrRilds Y2 thel t&nda The sustai ned
rel ease fornulatlggs can al so be nmade eé%gi*hOds known

bg_oth ger se, _e.g.
if the peptide is $efneBULHARGAY F8EOTREOM BI6 Y Y §FRRAFSE AR, obythe
heati ng m cropart iogg&miccsolvendj nrefdanlgntdttigler® ghlorideymindstatin in a
poliyl acti de-co-glycolide, especially such as descri bed above or a m xture

t het€of obt ai ned by m xing the peptide and the polyner, at a tenperature of
e.g. from70 to by isolating, optionally washing and drying the generated

microparticles.

A process variant is also poséible, in which the drug is
dispersed directly in the polymer solution, whereafter the
resulting dispersion is mixed with the gelatine containing water
phase. . .

:Like microparticles prepared according to the spray drying
technique, they do not contain silicon oil. Compared with
microparticles prepared according to the known triple emulsion
process type, they do not contain any amount of a protective
colloid.

. The sustained release formulations can also be made by other
methods known per se, e.d.

- if the peptide is stable enough for the production of an
implant, by heating microparticles containing the peptide, e.gq.
a somatostatin in a polylactide-co-glycolide, especially such as
described above or a mixture thereof obtained by mixing the
peptide and the polymer, at a temperature of e.g. from 70 to
.100°C and,extruding and cooling the compact mass, after which
the extrudate is cut.and optionally washed and dried.

Conveniently the formulations according to the invention are
produced under aseptic conditionms.
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- [err] and extrudlng and coollng the conpact nass afte% whi ch the extrudate ~

is cut and optionally washed and dried. - " Conyeniently the —
fornul ations according to the invention are produced~ under aseptic v
condi ti ons. - 22 - 600- 7110/11 The formul ati ons according

to the inventi.on-may be utilized in demat-form e.g. iguoeoiadie = -

m crospheres or inplants. They may be adm nistered in.conventional manner,
e.g. subcutaneous or intranuscular -injection, e.g. for indications known
for the drug contained therein. The sustai ned rel ease formul ati ons

cont ai ni ng oc F tions of
the octreoti dgﬁ%r ggﬁd\}g%sfl%:as&tgﬁa ?’8 tﬁ‘;@ .queng}é%n E]‘Qg lﬁ;?gguﬁq ﬁ‘z 199, 829
A pages 89- 969eR@t ferm: £s9f drnlaé?%g’&%“;mﬁqueér°%#@ﬁ%§nt€ancer The
mcroparticles of this invention nay have a size range fromabout 1 to 250

m crons di anefer refe .200 e0| 10 to 130, e.g. 10 to 90
m crons. | npl ey “ﬁﬁ?’ a’@'“é %FF% l&bﬁ?ﬂvef 8 d“‘%\?ﬁft &% The amount of )
drug i.e. pepsib=tenesmnbriintransudanisanl injecriode pergis fon inlécatdonsed dai ly

rel ease dosaggn&;}pfgp%eogr %oﬁ?ﬁ el Eiﬁ)n rate of the encapsulating
pol ymer. The exact anount pep I de may be ascertained by bicailability

trials. The formul ati ons may contain peptide in an anount from at | east
0.2, preferablye &uitagaeaor@ﬁaseefammameh&oﬂteiﬁngvecﬁﬁeoth@ RRAYBET i C

0

fime of e pegbiiaterahEon ity BROsapr ArdithriSat G bis ShEtertifhortocke (07
about 2 nont hderiGatives dhersofihe. g-ushasmdds@asedsm sar'musa; 82t Aconpri ses a
sonat ostatin, plodh 8944, egkiwla i s ki acmbsiaPbed HorCoraaati el YITEr i C
carrier WhICh en adrministered to a rat :

The microparticles of thi’s inven-tion'-may- have a size range from

about 1 to 250 microns diameter, preferably 10 to 200, _

especially 10 to 130, e.g. 10 to 90 microns. Implants may be

e.g. from about 1 to 10 cubic mm. The amount of drug 1 .e.

: peptide. present in the formulation depends on the desired daily

release dosage ‘and thus on the biodegradation rate of the.

encapsulating polymer. The exact amount of peptide may be

ascertained by bicavailability trials. The formulations may

contain peptide in an amount from at least 0.2, preferably 0.5 -

to 20 per cent by weight relative to the polymeric matrix, -’

preferably 2.0 to 10, especially 3.0 to 6% of weight. '

The release time of the peptlde from the nu.cropartn.cle may be
- from one or two weeks to about 2 months.

Conveniently the sustained release- formulation comprises a
somatostatin, e.g. octreotide in a biodegradable biocompatible
polymeric carrier which, when administered to a rat -
subcutaneously at a dosage of 10 mg somatostatin per kg of
animal body weight, exhibits a concentration of a somatostatin
in the blqod plasma of at least 0.3 ng/ml and preferably less
than 20 ng/ml during a 30 day temm, or conveniently a 60 day’s
term,



slibcut aneously at a dosage of 10 ng somat ost atin per kg of animal body
wei ght, exhibits a concentration of a somatostatin in the blood plasm of
at keast 0.3 ng/m and preferably less than 20 ng/m during a 30 day term
or conveniently a 60 day's term - 23 - 600- 7110/ 1 |

Al ternatively conveniently the sustained release formulatign Pﬂ}zr Trses a
sonmatostatin, e.g. octreotide in a bi odegra&abl e bi oconpati bI e "ymeric
carrier, whi ch, when adm nistered to a rabbit intranuscularly at a dosage
of 5 ng per kg of body weight, exhibits a concentratlon of a somatostatin’
of at least 0.3 n L a50d erm niently a.. .
concentration of gtlg%ﬁk# '2%" nﬁ??ﬁenl?%%rlé’héf 6?113 dr PﬁfferfPﬁ@'a&Fmﬂhe

obt ai ned sonat ost abmprisesge somstasbbtily eogt actrevyide dat a fliodeyrdadabbe ar e,

depending on the ysgchuids g&s%%kgmnac_@@mg% arﬁmﬁétﬁa@ﬁfﬂ&éﬁw%%e

Rabbit 5 ng of somat os ntranus
(0-42 days) . rabbit lnt%% eathM%éRfeﬁ R perikf 8F) Y42 days)
4 ng/m . AUC weight, exhibits a concentrat:(oﬁ éL adabiﬁa)toéiﬁﬂihgbﬂ atX 18a8ts

Spr ay dry| ng tech ue f so tostat cut aneously
retardation 0.9 /mﬁa&urmg@s? )an c°gv }"Lg'v 8rage plasm

| evel (err,ideal) concetBatitonsdf at mosmza ngfibd  AUC
(0-42 days) 170-210 ng/mM x days Rabbit 5 ng of somat ostati n/ kg,
i ntramuscul arly retardation ys) > 75 %

averdge pl asma | eVBFRFePFYeFaRhPFoRErties @y the °bta(‘me@— @%Pﬁ?atlnr e.g.

octreotide containing depot formulations are, dependlng on the
used production processes:-

Phase separation technique

Rabbit 5 mg of somatostatin/kg, intramuscularly

retardation - (0-42 days) .76%
average plasma level {cp, ideal) (0-42 days) ‘4 ng/ml
AUC : : : (0 -42 days) 170 ng/ml x days

Spray drying technique:

N Rat 10 mg of somatostatin /kg, subcutaneously
retardation (0-42 days) >75 %
average plasma level (Cp,ideal) (0-42 days) 4-6 ng/ml
AUC {0-42 days) ' 170-210 ng/ml x
days ' o '
Rabbit 5 mg of somatostatin/kg, intramuscularly
retardation h (0-43 days) > 75 %
average plasma level (Cp,igeal) (0-43 days) 4-6 ng/ml
AUC (0-43 days) ° 200-240 ng/ml x
days _ . _ . _

Triple emulsion technique:

Rat 10 mg of somatostatin/kg, subéut'aneoﬁsly
retardation : (0-42 days) > 75 %
average plasma level (Cp;idea1) (0-42 days) . 4-6.5 ng/ml .



| S *

AUC ' (0- 43 days) " 200-240 ng/m x days
Triple enul sion technrque Rat 10 ng of sonmatostatin/kg; subcutaneously .~

retardation : = (0-42 days) > 75 % aver age pl asma
| evel ([err]rdeal) (0 42 days) 4-6.5 ng/m - 24 -
600- 7110/ 11 AUC. . -24 - (0-42 daggp-7110/11170- 230

ng/ M x days Rabbit 5 ng of somatostatin/kg, .intranmuscularly retardation
(0-42/43 days) > 74 % average plasma |evel [err],ideal) (0-42/43 days)
3.5-6.5 ng/m AUC (0-42/43 days) 160-270

ng/m x days. }%@ i nvention thus al so provr 0deS d'%ﬁg’et OStﬁ}d QP ’FJ a}pl y
0

octreotide and octreotide anal og conposrtrons W ng
properties:- BaY¥d retardation of at |east 70% preferably at |l east 74%
e.g. at least 75% 80% 88%or at |east 89% over a.period of fromO to 42

or 43 days an 2 era e plas I ev err |deaI) of 2,5-6,5,.
preferably 4- gﬁgéﬂ@ﬁnﬁg égéQHﬁ%h gﬁ?%‘ 43Y¥days, in the rat, when
10 nmg of sorratresaladartmoms subcut aneously d@ﬁ#ihd@téam andldok. an aver age

pl asma | evel e 4 Q ad%ﬁ{'Od f of 42 or
43 days in the rg%% ?15\2%"3 1%%1 T%r 138%){ﬂc§gt g{‘lr? | |)ntra(r?usc§fl%g?9hho ’
admi ni stered &48/or 3. an AUC over a per il804%£43f da¥8l0 %@"ﬁod&/@lo’F at

| east 160, preggsably of from 170-230 ng/m x days, for the rat, when 10 ng
of somatostatin is subcutaneously adm nistered and/or an AUC over a perrqhd

of fron10 to-42 or 43 days of at |east 160,
The 1nventlon thus also prov1des somatostatln preferably

octreotlde and octreotide analog compositions, having the
following properties:-

1. a retardation of at least 70%, preferably at least 74%, e. g.
at least 75%, 80%, 88% or at least 89% over a period of from
0 to 42 or 43 days and/or _ _ '
2. an average plasma level (Cp, idea1) of 2,5-6,5, preferably
4-6,5 ng/ml over a period of from 0 to 42 days, in the rat,
when 10 mg of somatostatin is subcutaneously administered
and/or an average plasma level of 3,5-6.5, e.g. 4-6,5 ng/ml
over a period of from 0 to 42 or 43 days in the rabbit when 5 .
mg of somatostatin is intramusecularly administered and/or N\

3. an AUC over a period of from 0 to 42 days of at least 160,
preferably of from 170-230 ng/ml x days, for the rat, when 10
mg of somatostatin is subcutaneously administered and/or an
AUC over a period of from 0 to 42 or 43 days of at least 160,
preferably of from 180 to 275, e.g. from 200 to.275 ng/ml x

: days for the rabbit, when 5 mg of somatostatln is
. intramuscularly admlnlstered

For the quantitative characterization of the'sustained release
formulations descrlbed above we use the method of area deviation
(AD) published by F.Nimmerfall and J.Rosenthaler;
Intern.J.Pharmaceut. 32, 1-6 (1986).

In brief, the AD method calculates the area deviations of the



preferably of from 180 to 275, e.g. from 200 to 275 ng/m x days for. the
rabkit, when 5 ng of somatostatin is intramuscularly adninistered. For the
quan# tative characterization of ‘the sustained rel ease fornul ations

descri bed above we use the nethod of area deviation (AD) published by
F.Nemmerfall and J. Rosenthal er; Intern.J. Ph28 maceut. 32, 1e@®-71988)I In
brief, the AD nethod cal cul ates the area devi ati ons of the - 25 -

600- 7110/ 11 experinental plasnma profile froman ideal profile which is a
constant average plasma | evel (= Cp.ideal) produced by conversion of the

experinmental area dndeinddia) HIRASHR Jro¥fle Lo anUiddl (Ahdeh1é Qnachesd angl e of
equal area. Fromthe gercent al area deyvi ation (refer;ed tocéu% the %

retardation is calFEaiRd a¥erags P%ﬁﬁg.a-l%%ell'ef%tcdaie#%h Progy - AD/ AUO)
By this nmethod theonraet€iaonl of ohepsxperiventad areadumicer tie plasns develd-timee

period is characterjzed, by, neans | ngl |.C | I i C.
et Acad: Sai - U uss vty EEdSeSialefe 38 Gullt"BiceC Thvonl O perfelitily. |

pl asma | evel prof idneaofeviabiont(zptgrredcapBllodhert sohexdation iis splquiated
formula * as follows:- ~ D-Phe-Cys-Tyr-D-Trp-Lys-Val-Cys-Trp-NH2 in
the rat. However, a clear conparison can not be made with the plasma | evel
data of the conpositions of the invention in the rat, nentioned just

before, since the ¥lestaidatdopl-a30® £ d¥et Ap/AUA) e has based on anot her
adminjstration methpd, {4 Erfeégqg&'%ﬁglvﬁ{dlé%fagﬁé Prbe A mea iRl vy R €

i npoftant- the m crocaps N _ .
'~ preselected time period is characterized by means of a single

numerical index.

In Proc. natl. Acad.Sci.USA 85 (1988) 5688-5692 has been
described in Figure 4 a plasma level profile of the octapeptide
analog of somatostatin of the formula

* .

D-Phe~-Cys-Tyr-D-Trp-Lys-Val-Cys-Trp<NH,
'in the rat.

N However, a clear comparison can not be made with the plasma
level data of the compositions of the invention in the rat,
mentioned just before, since the described plasma level profile
‘has based on another administration method (intramuscular
injection) and - what is more important- the microcapsules’
loading level (between 2 and 6%) and dosage amount for
administration (25 to 50 mg portions of microcapsules for 30
days, although for at least during 45 days determinations were
made) were not exactly indicated. Additionally the type of used
poly(Dl-lactide~co-glycolide) was not exactly described.

The disclosure value of the publication is thus too low to admit
it to be a prepublication, interfering with the invention.

The following examples illustrate the invention.



| oadi ng | evel (between 2 and 6% and dosage anDunt for adn1n|strat|on (25
to 50 ng. portions of nicrocapsul es for 30 days, although for at least %
during 45 days determ nations were frade) were not exactly indicated.

Addi tionally the type of used poly(D -Iactide-co-glycolide) was not exactly
descri bed. -The disclosure value. of the 3ublication is 6r311®EI ow to.adnit
it to be a prepublication, interfering with the invention. The fol |l ow ng
exanples illustrate the invent.ion. - 28 - 600- 7110/11 -
m c¢ron size range. The microparticles were suspended.in a vehicle and

adm ni stered mition 8ide Mgng®se of octreotide to white New Zeal and rabbits.
Bl ood sanpl es were taken periodically indicating plasma |levels of 0.5 to 2
ng/mM for 21 days. as neasured . by RIA. EXAMPLE 3: A solution of 1.5 g of
Cctreoti de ac@hatmicropRticlepwenetsvspendegain £dvehicdiet and eidninisgered a

sol ution of 18§y5i4 40 whxé@lofl a&éfe@em@tslm%lﬁ@a%yf@ﬁeréﬁﬁtgo mol ar, My
45,000) in 500 m of nEgthylene chloride S atign was e ected by

addi ng. 500 ni BapobSarRRs WRth taken-paricdicabty é§5’-1 ingRiagha Jevehty 360

Medi cal Fl ui dof30G €8)2 ng/mheopel iddes 3 pwexsuredsgeRIAON. The resul tant

m xture was added to a stirred enul sion consisting of 1800 m of n- heptane

2000 m of sterile water and 40 ml of Span 80. After stirring for 10

m nutes, the BKMMRIEpBeres were collected by vacuumfiltration. Half of the

product was dried overnight in a vacuum oven at .37 C. The resi dual : '

nmet hyl ene chloride |evel 5 g@b The .ot her | f, of the Eroduct was washed
&R g

by stirring whtieWEHer AL bf RAETEYHiSi ﬁ??jhj%?c A 285misgs mefhanak ¢ of

stirring was added with stirring to a solutlon of 18.5 g
of poly(D,L—lactlde-co-glycollde)glucose (50:50 molar, Mw
45,000) in 500 ml of methylene chloride. Phase separation was
effected by addlng 500 ml of Dow 360 Medical Fluid (1000 cs) and
800 ml of Dow 360 Medlcal ' .
Fluid (350 cs) to the peptide-polymer. suspen31on. The resultant
‘mixture was added to a stirred emulsion consisting '
- of 1800 ml of n-heptane, 2000 ml of sterile water and 40 ml
of Span 80. After stirring for 10 minutes, the microspheres
were collected by vacuum filtration.

‘Half of the product was dried overnight in a vacuum oven at
37 C. The residual methylene chloride level was 1.2%. -

The other half of the product was washed by stirring with

- 1000 m1 of ethanol containing 1 ml of Span 80. After stirring
for one hour, the ethanol was decanted and the - |
microparticles were stirred with 1000 ml of n~heptane
containing 1 ml of'Span:BO. After stirring for one hour, the
microparticles were collected by vacuum filtration and
dried overnight in a vacuum oven at 37 C. The residual
methylene'chioride level of the microparticles washed in this
manner was reduced from 1.2% to 0.12%.

The combined yield of the product was 18.2 g (91%) of
microparticles containing 5.6% Octreotide, mean diameter



for ane hour t he et hanol was, decanted and the mcroparticles were stirred
W thiyl000 mM of n-heptane containing 1 ml of Span 80. After stirring for
one hour, the m croparticles were collected by vacuumfiltration and dried
overnlght in a vacuum oven at 37 C. The resu@nﬂ met hyl ene ﬁﬁlg;gﬂe | eve

of the nicroparticles washed in this manner “Was reduced from 1 3 0.12%
The conbi ned yield of the product was 18.2 ¢ (91@@ of mcroparticles
containing 5.6% Qctreotide, nmean dlaneter

600- 7110/11 of 24 m _crons, 1.5%residual tane The m croparticles were

suspended in a vehiof| & é’\’rﬂr‘?’}ﬁ'eﬁt@dr?ﬂ P24y in 5 ng/ kg dose of
Cctreotide to white rabbits. Bl ood sanpl es-were taken peri odically,

o et l 5T kBl w%aez#.&gééﬂcdgﬁy Sl o
46,-000 (50:50) nol. antmg@wlucmﬁdmwg@t dosehe pﬁlqs@e@tsldsftmhitq% 422 B,
o Yokt i o S SRS Ier b At anenyd) solbuggos 10 1
o et e O e MBIRE LG 76 5 Aol hi 15 e R
i ntensively m xed engﬂby means of an U tra-Turax for one mnute at 20,000
rpm causing a suspension of very small crystals of Cctreotide in the
pol ymer solution. The suspension was sprayed by neans of a high speed
tur Bire (Niro At omEXBMBLERAY the smal|l droplets dried in a stream of warm
air generating mcroparticles. The mcroparticles were collected by a
"zykl on® and dryed overn ghglyat(D L,O[lna teJ.gggéoa-thycohge)aglucose M, 46,000
(50.50) molar produced according to the process of GB 2,145,422
B, Polydispersity ca. 1.7, produced from 0.2% glucose) was
dissolved in 10 ml of methylene chloride with magnetic stirring
followed by the addition of 75 mg of Octreotide dissolved in
0.133 ml of methanol. The mixture was intensively mixed e.g. by
means of an Ultra-Turax for one minute at 20,000 rpm causing a
-suspension of very small crystals of Octreotide in the polymer
solution. ' _
The suspension was sprayed by means of a high speed turbine
(Niro Atomizer) and the small droplets dried in a stream of warm
(% air generating microparticles. The microparticles were collected
by a “zyklon" and dryed overnight at room temperature in a
vacuum oven. .
The”microparticles.weré washed with 1/15 molar acetate buffer
pH4.0 during 5 minutes and dried again at room temperature in a
vacuum oven. After 72 hours the microparticles were sieved
(0.125 mm mesh size) to obtain the final product.
~ The microparticles were suspended in a vehicle and administered
i.m. in Smg/kg dose of Octreotide to white rabbits {chinchilla-
bastard) and s.c. in a 10mg/kg dose to male rats. Blood samples
were taken periodically, indicating plasma levels of 0.3 to 10.0
ng/ml {5 mg dose) in ‘rabbits and 0.5 to 7.0 ng/ml in rats for 42
days as measured by Radicimmunoassay (RIA) analysis.



vacuum oven. The mcroparticles were, mashed mnth 1/15 mol ar acetate buf,er
pH4.0 during 5 minutes and dried again at room tenperature i'n a vacuum g
oven. After 72 hours the microparticfes were sieved (0.125 mm nesh size) to
obtain the final product. The nicropar%&cles wer e suseﬁﬂqﬁg in a vehicle:
and adninjstered i.m in 5nmy/ kg dose of” Gctreotide to Hobi ts
(chinchilla- bastard) and s.c. in a 10ng/ kg dose to male rats. Bl ood
sanpl es were taken periodically, indicating plasma levels of 0.3 to 10.0
ng/m (5 ng dose) in rabbits and 0.5 to 7.0 ng/nt in rats for 42 days as

neasured by BEAMMEESInoassay (RIA) anal ysis. 30 -

600- 7110/ 1 | EXANPLE 5 Mcroparticles were prepared by spray-drying in t he
same way as des or exa Ie 4 th t he chapge that Cctreotide
nas. suependedLAFPREEAG1S YEHE FIBRYTRS DX GRIAT ST P obe (SBe ¥t P hanol

The mi cr opar tdesteibedefexr suamgﬂmdedwmh ahe/@hilplrrhaagel theti Outsbeot ik was. in a

10 ny/ kg dos o4 aken .
peri odi cal | y?sug%d% ?ﬁ%écg?%s%agﬁé&opg&% ghgﬂtg Sﬁ%}&% 1% rats for 42
days as neas®esbaml.Radi oi munoassay (Rl A) analysrs EXAMPLE 6: One g of
pol y(DL, -1 actmheemfa-osaﬂqehegembu ndédeﬁﬁ]a 42h00 R adhifPitdrelr Oduced

di toth L 422 Pol ydj t 1.7, :
B oduced f r o8- 2 & T 90ks d0se % D5 R ifn, © alh TBE mediOtdne chi or
fol | oned by tsraapmkjmer@rtaaénmmgdmlm redi éatdngi peshe ekbvehs LRSS N of‘d
dei oni zed watte)r 10 T(;te‘ EHrPat‘@ago%rhtg 3%% ?Eymégsﬁéjd By9- by neans of an

Ul tra- Tur ax one I nner
Radlolmmunoassay (RIA) analy31s

EXAMPLE} 6:

One g of poly(D,L,-lactide-co-glycblide)glucOse, M, 46,000
(50350 molar produced according to the process of GB 2,145,422
B, Polydispersity ca. 1.7, produced from 0.2% glucose) was
dissolved in 2.5 ml of methylene chloride followed by the
addition of 75 mg of Octréotide dissolved in 0.125 ml of
deionized water. The mixture was intensively mixed e.g. by means
of an Ultra-Turax for one minute at 20,000 rpm (inner -
W/0-phase). : . : v/
One g of Gelatine A was dissolved:in 200 ml of delonlzed water
at 50 oC and the solution cooled down to 20°C (outer W-phase).
The W/0~ and the W-phases were intensively mixed. Thereby the
inner W/O-phase was separated into small droplets which were
dispersed homogenously in the outer W-phase. The resulting
triple emulsion was slowly stirred for one hour. Hereby the
methylene chloride was evaporated and the microcapsules were
hardened from the droplets of the inner phase. After -
sedimentation-of_the'microparticles the supernatant was sucked
off and the microparticleetwe:e recovered by vacuum filtration
and rinsed with water to eliminate gelatine.

Drying, sieving, washing and secondary drying of the
microparticles was done as described for example 4.

The microparticles were suspended in a vehicle and administered.



VVC)phase) One g of Gelatlne A was dlssolved in 200 nl of delonlzed wat er
at” 50, oC and the sol ution cobl ed down to [err] (outer Wphase). The WO
andhe Wphases were intensively mxed. Thereby the inner WO phase was
separated into small droplets which were di spersed honogenously in the

out er- Wphase. The resulting triple enul srodl was sl ow y stber-da10.68I one
hour. Hereby the nethylene chloride was evaporated and the microcapsul es
were hardened fromthe droplets of the inner phase. After sedinentation of
the microparticles the supernatant was sucked off and the mcroparticles

welr e _recovg ed by .aGuikinshg)kd ﬁbk@mfao&rrebﬂfdﬂi toi %Hitwamblt@h(ehummaue-

gel ati ne. yi ng, .Sievi g, shi ng and, secondary dryi of .t

mcroparticles ma g §n§§%grlﬁ% 2&%3%?% *%%g ﬁ&% S&??#cles wer e
suspended in a vematmpéeamdrachakan spce@'ne@llcally, andxcating plasma leveD9-0£1003 | |
I.m in 5my/kg dOS@o g/ﬁptosd tdes&hllheréﬁmgtaxa(sm ehj | g ag@ﬁ%ar d)

and s.c. in a 10 ng/ g do e rats. anpl es were
peri odical |y, i ndi%®46i R 3P %8 pe mepsuLsd WW&%‘B‘“@@%FM (R13) n3nadyses - i
rabbits and 0.5 to 8.0 ng/m in rats for 42 days as neasured by

Radi oi munoassay &ﬁé@%gigigysis. EXAMPLE 7: Mcroparticles were prepared by
the triple-eml si ' #~que in the same way as desribed for exanple 6

with three changes:- 1. 0.25 m of acetate buffer pH 4.0 were used i nstead

of 0.125 m of watgl bOsMh EPé'H Sebd SrepiRia W%hﬁﬁ"ple%muﬁb{'&i REcRiiRE in

col '8&ction of the mcroparticles was carried out wt nol ar acet ate

buffer pH 4.0 i nstté’édséﬂ‘e WAY s, désnpﬂiitfr?érem]r?n% W&Fh rﬁhGF%F%aPﬁﬁff'es was
omtted. EXAMPLE 8:

1. 0.25 ml of acetate buffer pH 4.0 were used instead of 0.125
ml of water to prepare the inner W/O-phase.

2. rinsing after collectlon of the mlcropartlcles was carrled
out with 1/45 molar acetate buffer pH 4.0 instead of water.

3. further washing of microparticles was omitted.
EXAMPLE 8:

\~/ Microparticles were prepared by the triple-emulsion technique in
the same way as described for example 7 with the only change
_ that the inner W/O-phase was prepared by using water containing
0.7%(w/v) sodium chloride instead of acetate buffer.

EXAMPLE 9:

Microparticles were prepared in the same manner as described in
example 6, with the only difference, that the drug compound is
dispersed directly in the polymer solution, whereafter the
resulting dispersion is mixed with the gelatine containing water
phase.



-

. Mcroparticles were prepared by t he trlple errulsmn technl que in the sarre
way as described for exanple 7 with the onl y change t hat the inner

"W O phase was prepared by using water containing 0.7%w V) sodium chl ori aﬁ
i nstead of acetate buffer. EXAMPLE 9: Mcroparticles were prepared in the
same manner as described in exanple 6 38i+h the only diobFersxice, that the
drug conpound i's di spersed directly in the polymer sol ution, whereafter the
resulting dispersion is mxed with the gelatine containing water phase.
- 32 - 600- 7110/ 11 EXAMPLE 10: Cctreotide panoate 10.19 g of
octreotide fragupageid;10 ™) and 3.88 enbonoic acid (10 mM are dissol ved
in1llitre of —waterrdroxane (1:1). The reaction mxture is filtered, and
| yophilized to give a yellow powder [ERR] in DVF), of octreotide panpate
hydrat e. Fact getreotide phmsatien t he factor = wei ght of |yophilizate/weight of
octreotide contained therein, The panpate may.replace the octreotide
acetate present in the mcroparticles of Exanples 1-9 and has an excel |l ent

stability.  10WATVEL ceiregtide -free hrsey sthimfeande Bedd emboraig aeidbn
conpri sing ocu@q{m OfreOhi Sscidbd 1(?J 1&&@@&@%@#&1@&&@ cjunl)a bhedegr adabl e,

bi oconpati bl e neric. carrie %(f ton agccording.to_claim1l
wherein the oE%‘i—%PPd@-xFE %d’?ré’c}ttleﬁ 12884 Ey@pﬂlllzeg €0’ give & ye1fow
powder [@]2°D = + 7.5° (C = 0.35, in DMF), of octreotide pamoate N
hydrate. Factor = 1.4 wherein the factor = weight of N/
. lyophilizate/weight of octreotide contained therein. '

The pamoate may replace the octreotide acetate pg-:e'sent in the
microparticles of Examples 1-9 and has an excellent stability.



3, A fornw—&t—ron"aC‘C’c’)F‘dl’rTQ”t'cT claim1 V\/nereln the octreotide is octreotlde

panoat e. cording'to claim1l, 2 or 3 wherein the pol ymer
carrer is *mmmg‘n \mﬂﬂn sustained rel ease fornulation of claiml .
wherein the y- (DL-1actide-co-glycolide)glucose. 6. a

formul ati on accordi ng to any preceding claiga 4 in mcroparggosherdarm
wherein the surface is substantially free of drug conmpound. 7. A sustained
rel ease fornul ation according to any preceding claimprepared by m xing the
drug compound or a solution of it in. methanol or water or a buffer of pH
3-8 and a sol uti oqﬁg ik t2hw ggtide-co-glycolide in nethyl ene chloride and
spraying the forne ' | ution or emul sion of drug conpounds I n

t he polyner solution in a streamof warmair, collecting the mcrospheres
and washing themin a buffer soI ution of pH 3.0 to 8.0 or distilled water

and drying t vacuum err]

sust ai ned rel as% SF‘ISF §t aﬁ%c °f§?§{)t £5 ar@rjﬁ)%lélgn%ﬁztﬁ&%%% R 3 S%H H the

octreotide concemtdeanvmvestlfareoﬁ An0a thiodegsagebigyi ghocompatn.b]szlpolymeric

600- 7110/ 11 9. ﬁialned rel ease fornulation according to any preceding

claimin n1cropart|c e formhaving a dianmeter of from1l to 250 mcrons. 10.

A sustai ned rel ease fornul ati on conprising a peptide drug conpound in a

[ﬁ”] p;)l yl acz:1 | - &Qm@i&tﬁehia&'o]eair@f E@fcllaf]lhylokvheféia tied ybﬁtreﬂltiiﬁ?] bnley Eg g

c o] romthe gro ] carbon chain containing al cohol havi ng
%’hydroxyl gr%ﬁfﬁég‘éﬁ{f § #te? -saccharide, and the esterified

ponoI having at |east 3 polylactlde co glycolide'chains 11. A sustained

rel ease formy ati R AeA56h %cﬁ?dﬁiga{:g‘c]lglﬂaivhﬁﬂrém the octreotide is

octreotide pamoate.

4, A formulatlon according to claim 1, 2 or 3 wherein the polymer
carrier is a polyester.

5. A sustained release formulation of claim 1 wherein the polymer is
poly-(DL-lactide~co-glycolide)glucose.

6. a formulation according to any preceding claim 4 in microparticle
form wherein the surface is substantially free of drug compound.

7. A sustained release formulation according to any preceding claim

- prepared by mixing the drug compound or a solution of it in
methanol or water or a buffer of PH 3-8 and a solution of a
polylactide-co-glycolide in methylene chloride and spraying the
formed suspension solution or emulsion of drug compounds in the
polymer solution in a stream of warm air, collecting the
microspheres and washing them in a buffer solution of pH 3.0 to
8.0 or distilled water and drying them in a vacuum at a
temperature of from 20 to 40°C.

8. A sustained release formulation _according to any preceding claim
in which the octreotide concentration is from 2.0 to 10% of
weight.



mai n nol ecul ar wei ght Mv from 10 000 to 200 000 and a poI ydlsper5|ty [err]

.

from1l.7-to a 3.0. 12. A sustained reieasé formul-ation according to clal':@
11 in which Mvis from.35,000 to 60,000. 13. A sustained rel ease

formul ati on according to claim10, 11 or 12 in which [err] is from
2.5 14. A sustained rel ease fornul atiemggaccording to cég-migmr 10 which
when admi ni stered subcutaneously to a rat at a dosage of 10 nmg of drug
conmpound per kg of body weight.exhibits a drug conpound concentrati
the bl ood plasma of at least Q.3 ng/m and | ess than 20 ng/m durin

day termy 15 sﬁgé&iﬁ&&'%qgaéglf%@%@.aft%mgc%&@i 3‘3&9 elatel €&§Ie§ %%'lghg(

whi ch whén adm nr st ere

drug conpouri@ PieropgrigiclgotRrmeeging adiiapeter éfdfdii?g‘ éo‘?ﬁ)ééﬁldﬂl@éﬁm%nt ration

of at
.sust ai

nt ranusc

2.0to

on in
ga30
or

5ngof

|l east 0.3 ng/m and at nost 20 ng/m during a 50 day term 16. A

adm ni st
conpound pe unkg "d’f/ sboldy Gﬂmmpblpldutbde-soaglmoandatesber af pblycdasthe/0% over

17. A sustalne ease

a_period of fp 5.9 bAég rch%%ez‘ijaf)i%m the Fég%g‘)f 2 (Caze) farbonlggg dl
adni ni st er ed:°i1balallﬂﬁt %S@Qﬂlaﬁém

at] on acco IC

formul.at | claim 1 0 which wh
crioed FRethindh Hesened hoRRECAar e iR e ide gy mbaiiy

10/ 11
h when

b groupy ang dfmagengexonpound

geg {<g gf 5b@d_¥$d&!ﬁhﬁbidé;XBn@lt&@ @gte&geiemgop}ﬁsmmgvgi legBt izleal ) of from
0

rel ease for
I ntramuscul arly at a dosage of 5 ng of drug conpound per

wei ght  exhi i £85131n8Y ed08s & '£B5MP 2k 84 ackERuiingeRd do19im fri0CHving L0 ©.

r abbi t
ng/ m .

12.

13.

14.

15.

16.

d

-

d,of .f Oto 42 d 18. A t = '
,pﬁflﬂch gﬁcc@oggxcﬁ’ lfl% &aéﬁ?‘fm 1 o? 10 vﬁygh when azlrjrfnﬁlstngred t\c:)a

main molecular weight Mw from 10,000 to 200,000 and a.

polydispersity M/y, from 1.7 to a 3.0.

A sustained release formulation according to claim'll in which Mw
is from 35,000 to 60,000. '

kg of body

5

A .sustained' release formulation according to claim 10, 11 or 12 in

which Mw/ﬁn is from 2.0 to 2.5

A sustained release formulation according to claim 1 or 10 which

‘when administered subcutaneously to a rat at a dosage_ of 10 mg of

drug compound per kg of body weight exhibits a drug compound
concentration in the blood plasma .of at least 0.3 ng/ml and less
than 20 ng/ml during a 30 day temm.

A sustained release formulation according to claim 1 or 10 which
when administered to a rabbit intramuscularly at a do'sage of 5 mg
of drug compound per kg of body wéight exhibits a drug compound
concentration of at least 0.3 ng/ml and at most 20 ng/ml during a
50 day term. '

A sustained release formulation according to claim 1 or 10 which
when administered to a rabbit intramuscularly at a dosage of 5 mg
of drug compound per kg of body weight exhibits a retardation of
at least 70% over a period of from 0 to 42 or 43 days.



19. A sué_ETHEH_?§T§§§€—fUrnUIatlon according to claim1 or 10 whi ch, when
adnlnlster aneousl'y at a dosage of 10 my: of ! drug cbﬁpound
perzkg of Iﬂﬂﬂﬂﬂmj gﬁﬂ!ﬁts an AUC of from 160 - 230 ng/rﬁ x days ‘over a
peri od of frone 3 days. 20. A sustained release formul ati on
according to claim-1 or 10 mhlch when adm nistered to a'r

I ntramuscul arly at a dosage of 5 ng of dr&& conpound per . @@PBﬁl%Gﬂy wei ght
exhibits an AUC of from 160.to 275 ng/m x days over .a period of fromO to
42 or 43 days. 21. A sustained release formulation according to any

precedi ng cl ai mcontaining octreotide.and for use in the treatnent or
prévention of acronegaly or of breast cancer. 22. Cctreotide- panvate. 23.

A process fpf, tahguN8Rad Ad108s FolmiTa82bh dRcordHIPes & 1ain Wicgh1 @GiERt i de
is reacted with enbonic acid.or a reactjve derivative thereof,
when administered to a rat subcutaneously at a dosage of 10 mg of
'~ drug compound per kg of body weight exhibits an.average plasma
"~ level (Cp ideal) of from 2.5 to 6.5 ng/ml over a périod of from 0

to 42 days.

18. A sustained release formulation aécording to claim 1 or 10 which
when administered to a rabbit intramuscularly at a dosage of 5 mg
of drug compound per kg of body weight exhibits an average plasma
level (Cp idealf of from 3.5 to 6.5 ng/ml.

19. A sustained release formulation according to claim 1 or 10 which
when administered to a rat subcutaneously at a dosage of 10 mg of
drug'compound per kg of body weight exhibits an AUC of from 160 -
230 ng/ml x days over a period of from 0 to 42 or 43 days.

20. A sustained release formulation according to claim 1 or 10 which
when administered to a rabbit intramuscularly at a dosage of 5 mg
of drug compound per kg of body weight exhibits an AUC of from 160
to 275 ng/ml x days over a period of from 0 to 42 or 43 days.

21. A sustained release formulation according to any preceding claim
‘containing octreotide and for use in the treatment or prevention
of acromegaly or of breast cancer.

22. Octreotide- pamoate.
23. A process for the preparation of octreotide - pamoate in which

octreotide is reacted with embonic acid or a reactive derivative
thereof.




