PHARMACEUTI CAL COVPCSI TI ONS FOR CONTROLLED RELEASE
DELI VERY OF BI OLOG CALLY ACTI VE COMPOUNDS [ 0001] This
wa@ppbiocmsi on clainms priority fromU. S. Provi si PCEIUS2005/028676
Pat ent Application Serial Nunber 60/600, 907 which was
filed on August 12, 2004. 1 . Field of the Invention
[0002] This invention relates to the field of
controlled rel ease delivery of biologically active
conmpounds and to conpositions and net hods useful for
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manner over a period of time is an ongoing challenge.
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compounds in a controlled manner over a period of time
is an ongoing challenge. The controlled release delivery
of biologically active compounds can improve the
biocavailability by protecting them against degradation
in vivo and concomitantly replace multiple injections or
25 continuous infusions which are necessary due to the
short half-life of these biologically active compounds.
Reduced frequency for adminisﬁration could improve
patient compliance. Biodegradable polymers have been
used for more than three decades as drug carriers in
30 implantable devices [Langer, R. and Chasin, M. (Eds)
Polymers as Drug Delivery Systems, Marcel Dekker, New
York, NY, 1990]. The advantage of using biodegradable
polymers as sustained delivery carriers for biologically
active compounds is that they do not require removal

35 after delivering their dose because they are hydrolyzed

to soluble non-toxic oligomers or monomers. The



hydr ophobi city, chem cal structure, nol ecul ar wei ght
and nol ecul ar wei ght distribution. Theoretically,
w0 bs@o18sDperti es can be designed or tail ored POI/US2005/028676
devel op drug delivery systenrs in a controlled rel ease
manner and desired duration of treatment. [0004]
Various biologically active conpounds have been
described in the prior art in combination with
bi odegr adabl e pol yners to achi eve extended reLeaie by
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sulfate, tartrate, etc. However, the success of such
formulations is limited to a few biologically active
25 compounds which are stable and have a wide therapeutic
blood concentration range, e.g., leuprolide, gosorelin
and rhGH. If a biologically active compound contains
reactive functional groups and has a narrow therapeutic
blood concentration window, the successful development
30 of controlled release delivery systems for such a
biologically active compound has been very challenging.
This is primarily due to the instability of the
biologically active compounds in the delivery systems
and uhcontrolled release pattern of the biologically

35 active compounds from the delivery systems, €.9., burst

effect at the beginning, in the middle, and at the end



tertiary am nes) nmay pose serious obstacles for
successful devel opnment of controlled rel ease delivery
W@ y®beNMssusi ng bi odegradabl e pol ynmers. The conpouns05/028676
may alter (or catalyze) the hydrolysis process of the
pol ynmer carrier in an uncontrolled manner and/or react
with the polynmers or their degradation products to
form undesired am de drug derivatives. The formation
of these derivatives not, onIXﬁaicreases t he
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solvent, etc.; 2) during storage and 3) during the
process of biodegradation and the release of
biologically active compounds in vivo.

25 [0003] The interaction/reaction between biologically
active compounds contain basic functional groups, i.e.,
amines, and polymers were reported during the
microparticle formation process uéing solvent
evaporation/extraction methods where the biologically

30 active compound and polymer were dissolved/dispersed in
organic solvents [Krishnan M. and Flanagan DR., J
Control Release. 2000 Nov 3;69(2):273-81]. Significant
amount of amide moieties were formed. It was clearly
shown that commonly used solvents for fabrication of

35 biodegradable polymer drug delivery systems could permit

rapid reaction between biologically active compound and



Fl anagan DR, Linhardt RJ. Pharm Res. 1994 Jul /11

(7).-1030-4. ] . It was also reported that the
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salts, e.g., epirubicin HO4 was found to hasten the

degradation of the polyners and subsequently affect

the rel ease behavior fromthese particles [Birnbaum

DT, Brannon-Peppas L . Mol ecul ar wei ght di stri buti on

changes during degradation and rel ease of PLGA
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undesirable for the controlled release delivery of
biologically active compounds for a prolonged time
period.

25 [0006] When biodegradable polymers such as
polylactic acid, polyglycolic acid, polyhydroxybutyric
acid, polyortho-esters, polyacetals and the like are
used as drug delivery systems, the bicdegradation of
polymers (such as polylactide and polylactide-co-

30 glycolide for example) leads to water—-uptake and
generation of aqueous channels or pores from which
biologically active compounds can leak out {(or diffuse
out) if they become water soluble. 1In addition, the
accumulation of polymer degradation products lowers pH

35 within the degrading polymer matrices and local pH

values between 1.5 and 4.7 have been recently reported



PLGA m crospheres by capillary el ectrophoresis and
MALDI - TOF mass spectronetry. J Control Rel ease. 2003
w@e2a06807892 (3) :291-9; and references cited theRCEUS5/028676
The aci di c m croenvironnmentsinside the pol yner
matrices can induce several undesired chem cal
degradation reactions, especially for the biologically
active conpounds contai ning reactive ani ne groups,
such as peptides and protejns [ 0007 exanpl e
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PLGA delivery systems. Crit Rev Ther Drug Carrier Syst.
2002;19(1):73-98; Sinha VR, Trehan A., Biodegradable
microspheres for protein delivery. J Control Release.
2003 Jul 31;90(3):261-80], which are all incorporated

25 herein by reference.

[0008] Some organic acids, such as acetic acid,
citric acid, benzoic acid, succinic acid, tartaric acid,
heparin, ascorbic acid and their non-toxic salts, have
been described in the prior art and used in various

30 controlled release biodegradable systems as polymer
degradation enhancers. (PCT-patent application
W093/17668 (page 14, lines 4-13) and US patent
4,675,189) (Column 11, lines 5-19). Thus, such acid
additives are not expected to stabilize the polymers.

35 [0009] Various other approaches have been

investigated to achieve successful controlled release



research efforts, there are only a few products for
controll ed rel ease delivery of biologically active
weowpouisss commerci al ly avail abl e so far [see BCOUS2008028676
Pat. Nos. 4,728,721 (Leuprdiide, Lupron Depot);
4,938, 763 (Leuprolide, Eligard) ; 5,225,205
(Triptorelin Panpate, Trelstar) ; 4,767,628 (Goserelin
fg;;ates Zggadex) ; 5,538,739 (Cctreotide, SANDOSTATI N
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20de&g gg eo&ié“¥% therapeutic limits for the duration of
the treatment. Thus, it is an object of this invention
to address the above-enumerated deficiencies in the
prior art and provide a pharmaceutical composition for
controlled release delivery of biologically active
25 compounds to a subject comprising:
a) a complex of a biologically active compound
having at least one basic functional group and a
polyanion derived from hexahydroxycyclohexane
having at least two negatively charged functional
30 groups; and
b) a pharmaceutically acceptable carrier comprising
a biodegradable, water-insoluble polymer.
[0011] The instant invention also provides methods

for producing such controlled release pharmaceutical

35 compositions and methods of use thereof.



or nore biologically active conpounds to a subject.
Specifically, a pharmaceutical conposition for
w@owboissed rel ease delivery of biologically ap€T/us2005/028676

conmpounds to a subject conptising: a ) a conplex of a

bi ol ogi cal 'y active conpound having at |east one basic
functional group and a pol yanion derived from

hexahydr oxycycl ohexane having at | east two negatively
charged functional groups; and b %ga har maceutical |y
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[0013] It is surprisingly found that the polyanions
of the invention may reduce or prevent the

25 interaction/reaction between biologically active
compounds containing basic groups and polymers or their
degradation products by forming stable complexes. The
complexes may have low solubility in water or biological
fluid. Preferably the complexes also have low solubility

30 in the solvents used to prepare the dosage form. These
properties can not only stabilize the biologically
active compound and slow the degradation of polymer
during the formulation process, but also during release
by reducing or preventing the interaction/reaction

35 between the biologically active compound and the polymer

and/or its degradation products. More importantly, these



conti nuous delivery of a biologically active conpound
to a subject for prolonged periods of tinme, e.g., from
woe®@ks11862 nont hs to benefit the subject. [0014PCT/US1085/028676
therefore an object of thisinvention to provide a
phar maceuti cal conposition for controlled rel ease
delivery of biologically active conpounds to a subject
conprising: a ) a conplex of a biologically active
conmpound having at |east one basic func iqn%] ro
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groups; and b ) pharmaceutically acceptable carrier
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acceptable carrier comprising a biodegradable, water-
20 insoluble polymer..
[0015] It is a further object of the present
invention to provide a group of biologically active
compounds containing at least one basic functional group
that could benefit from the sustained controlled release
25 delivery systems.
[0016] It is a further object of the present
invention to provide a group of polyanions that can form
stable complex with biologically active compounds.
[0017] It is a further object of the present
30 invention to provide a process for making the complexes
between a biologically active compound and a polyanion
of the invention.
[0018] It is a further object of the present
invention to provide a complex which may reduce or
35 prevent the undesired degradation of polymers by the

biologically active compound not only during the



invention to provide a conplex which may stabilize the
bi ol ogically active conpound not only during

wo e0oai 61 on and storage, but al so during the PCT/US2005/028676
degradati on of polyner and 9drug rel ease in vivo.
[0020] It is a further object of the present invention
to provide a pharnaceutically acceptable carrier
ﬁonprlsgng biodggradable wat er insol ubl e polyners
avi ng dispersed therein the biologically .actjve .
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accept abl e conpasi tion ' f al rentera
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DE%QBEBEHQHJﬂEzé@ﬂ%ﬂd@vgh@hgkhaceutically acceptable

20 composition having incorporated therein the biologically
active compound/polyanion complex that can release the
biologically active compound which has retained their
biological activities.

[0022] It is a further object of the present

25 invention to provide a pharmaceutically acceptable
composition for use in medical applications, such as
drug delivery, vaccination, gene therapy, etc.

[0023] It is a further object of the present
invention to provide a pharmaceutically acceptable

30 composition suitable for oral or parenteral
administrations; mucosal administration; ophthalmic
administration; subcutaneous, intraarticular, or
intramuscular injection; administrations by inhalation;
and topical administrations.

35 [0024] These and other objects of the present

invention will become apparent after reading the



[0025] The present invention relates to pharnmaceutica

conpositions for the controlled rel ease delivery of
wheobogissal | y active conpounds to a subject coP@F/US1008028676

a ) a conplex of a biologiadally active conpound havi ng

at | east one basic functional group and a pol yani on

derived from hexahydroxycycl ohexane havi ng at | east

two negatively charged functional groups; and b ) a

phar maceutical |y acceptabl e carrier. co

5 bi 8P ERDIE EatdEEr SR HSOIRLIE pdI ¥ H%rgP%?Hi"ﬂr?g% hods of
makj,Rgq achsi ng such conpositions. The conpositions
of the invention can be prepared in any conventiona

pharmaceutical adm nistration forns by the method

known in thep@fdrreNoBesEidimoy exanpt eswvefiTibe
conpositions of the invention are sol utions,
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or mcroparticles . The advantages of the
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da SOPO e terns "a", n" and "one
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in the art. Non-limiting examples of the compositions of
the invention are solutions, suspensions, dispersions,
emulsions, drops, aerosols, creams, semisolids, pastes,
capsules, tablets, solid implants, or microparticles.

25 The advantages of the pharmaceutical compositions of the
invention include low initial burst and stable
controlled release of biologically active compounds in
vivo. It can permit continuous delivery of a
biologically active compound to a subject for prolonged

30 periods of time, e.g., from days to months.
[0026] The terms “a”, “an” and “one”, as used
herein, are meant to be interpreted as “one or more” and
“at least one.”
[0027] The term “biologically active compound” is

35 meant to include any materials having diagnostic and/or

therapeutic properties including, but not limited to,



agoni st, and antagoni st properties. [0028] Mre
specifically, the biologically active conpounds of the
WO povefli86 may be any conpounds capabl e of f orP@HYSH05/028676
conplex with a polyani on détived from
hexahydr ocycl ohexane, in particular a conpound
containing an el ectron donor base group such as a
basic nitrogen atom e.g. an amine, imne or ring
nitrogen. The biologically active conpounds preferab
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polymyxin, vancomycin, nortriptyline, gquinidine,
ergotamine, benztropine, verapamil, flunarizine,

25 imipramine, gentamycin, kanamycin, neomycin,
amoxicillin, amikacin, arbekacin, bambermycins,
butirosin, dibekacin, dihydrostreptomycin, fortimicin,
isepamicin, micronimicin, netilmicin, paromycin,
ribostamycin, rapamycin, sisomicin, streptomycin and

30 tobramycin, amikacin, neomycin, streptomycin and
tobramycin, pyrimethamine, naltrexone, lidocaine,
prilocaine, mepivacaine, bupivacaine, tetracaine,
ropivacaine, oxytocin, vasopressin, adrenocorticotropic
hormone (ACTH), epidermal growth factor (EGF), platelet-

35 derived growth factor (PDGF), prolactin, luteinising

hormone, luteinizing hormone releasing hormone (LHRH),



glucagon, interleukin, interferon- .alpha. ,
interferon- .beta., interferon- .gamma . , gastrin,
W etosag@st rin, pentagastrin, urogastrone, secrBCT/IH$2005/028676
cal ci tonin, enkephalins, endorphins, angiotensins,
thyrotropin rel easing hornone (TRH) , tunor necrosis
factor (TNF) , parathyroid hornone (PTH) , nerve
grom h factor (NG-) , granul ocyte-colony stinulating
factor (G CSF) |, gr anul ocyt e macr ophage- col on
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Stgﬂyg éfghévjr%%gg hEMQF‘HﬂHMdﬁen%@BE§iBh rotropin
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phareae Rl niph ¢ abd gi-taetcive, f payretisist, hepéobtins,

tyrocidine, gramicidins, cyclosporins (which includes

synthetic analogues and pharmacologically active
fragments thereof), enzymes, cytokines, antibodies,

25 vaccines, antibiotics, antibodies, glycoproteins,
follicle stimulating hormone, kyotorphin, taftsin,
thymopoietin, thymosin, thymostimulin, thymic humoral
factor, serum thymic factor, colony stimulating factors,
motilin, bombesin, dinorphin, neurotensin, cerulein,

30 urokinase, kallikrein, substance P analogues and
antagonists, angiotensin II, blood coagulation factor
VII and IX, lysozyme, gramicidines, melanocyte
stimulating hormone, thyroid hormone releasing hormone,
thyroid stimulating hormone, pancreozymin,

35 cholecystokinin, human placental lactogen, human

chorionic gonadotrophin, protein synthesis stimulating



[0029] The term "pol yanion", as defined herein, is
meant to include any nol ecul es containing at | east two

w@eooaoIBsnegat i vel y charged functional groups PCT/US2005/028676
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Pol yani ons of the invention3are derived from

hexahydr oxycycl ohexane by esterifying with phosphate

or sul fate groups capable of form ng stabl e conpl exes
with the biologically active conmpounds. Myo-inositol

is one of nine known cis-trans isoners of |
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hexaphesphaie {AgRGLinghybis eciehidenardinndsated that

hexasul phate (1nS6) . , N .
many, 1f not all, mammalian cells contain inositol
polyphosphates with 5 or more phosphate groups. For
example, InP6 is found in most mammalian cells, where it
may assist in regulating a variety of important cellular
functions. InP6 has also been shown to function as an
antioxidant by chelating divalent cations such as copper
and iron, preventing the generation of reactive oxygen
species responsible for cell injury and carcinogenesis.
Some other examples of inositol polyanion include, but
not limited to, lower inositol phosphates, (i.e.,
inositol pentaphosphate, inositol tetraphosphate,
inositol triphosphate, inositol diphosphate), and other
polyphosphorylated organic compounds, inositol
hexasulphate (InS6) and lower inositol sulfates. The

polyanions can be either in acid or in salt forms.



[0031] The term stable conplex" is neant to refer to a

physically and chemi cally stable conplex that forns
WQIp@n/ 082 opri at e conbi ni ng of a biol ogically BCT/US®05/028676

conmpound and pol yani on undd# conditions such that a

stabl e conplex is forned, e.g., aqueous solutions of

the biologically active conmpound and pol yanion are

m xed until the conplex forns . The conplex nay be in

the formof a solid (e.g., a paste, granules, a powder
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S nay nctiron as stabilizers
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washed SRS hei Ssepdr BERES by? %hut |feugaP?‘6%eor bP%
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er ol ut| f
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produced upon combining agqueous preparations of the

biologically active compound and polyanion. Optionally,
one or more pharmaceutically acceptable exclpients may
be incorporated into the complex. Such excipients may

25 function as stabilizers for the biologically active
compound or its complex. Non-limiting examples include
sodium bisulfite, p-aminobenzoic acid, thiourea,
glycine, methionine, mannitol, sucrose, polyethylene
glycol (PEG), and the like.

30 [0032] By way of example, a soluble antibiotics (e.g.
doxorubicin) may be dissolved in water and a solution of
InP6 may be added thereto. The drug:InP6 complex
precipitates out. The precipitates can be washed and
then separated by centrifugation or filtration. The

35 separated complex was dried under vacuum.



peptide (e.g. glycagon like peptide 1 (GP-1)) there
may be added an aqueous solution of InP6. The peptide
WO LowR@17861pl ex precipitates out. The preci pit aPE€BFUSANS/028676
be washed and then separatad by centrifugation or
filtration. The separated conplex was dried under
vacuum [0035] A s a further exanple, to a solution of
an enzyne (e.g. |lysozyne) there may be added an
aqueous solution of InP6. The enzyne :1nP6 conpl ex
5 pri@6BR) t at edsoat fuThee prescinpileat £8 2 a¥P Y- iias Réd2ahacal
ggggegﬁ e G%Fﬁ%.gy centy Jﬂ%?akbggoeﬁléfi&éfuﬂH@}e Th¢ be
parated conpl éx was dried under vacuum [0036] The
st atdled conplaecbet mebnt torhicdl dgiP€al Tie adtudid "ESnpouRYex

and_pol yani.on of .the invention can be incorporated
inPﬁgéﬁ%gkﬁﬁ%gcgﬁFrcally acceptable carrier conprising
bi pdeqy adablzes waterthas od:teipd.epolpmer solwptdromd ly

with some excipients . The term, "hiode l.e
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bi?éoﬂ?@édrﬁﬁeammdbaé bb poeigradableP§y nThetpaptang : InP6

nat ur a olyners that can used i.n.vivo. The
Bt B S radear s Rahy ol PR YRy i pe masped
t 0ahactusle ddiRpekunby scémiati farge tiinaobubf £l toratienen®he
i nsoluble in water or bi o] ogic fluid at 37 0C . The
poP?ﬁ%F%t%%yxﬁ?lﬁﬁrWFFeﬁ?“%%ﬂ% &l V§EYD renove

15 "meg]s andy OlJ GOFehSr USiip s ChRi ques1 kDo dM alnhe
art (e.g, US Patent 4,728,721). Sone non-limtin
exanpyes 6F -4 he YSoryRe! stheee ﬁQﬂYylbﬁcFFiS%%, an agueous

po%$9h¥§gﬁiégﬁﬁnﬁ%qlYhé|@ﬁ£§ﬁg?ﬂﬂyﬁ YeRblLEL)psecipitates
pol ycaprol act ones, pol ydi oxanones, pol ycar bonat es,

pobyky dFex iR yimaites es pery vk y1aehe oRarat ke separated
pokéaEQXﬂ£ifﬁﬁétﬂ§N Yamedesy, Polyester aehdested complex

pol'yuret hanes, polyacetals, polyorthocarbonates,
20polwpphdspbdzarts; Vaelyydr oxyval er at es, pol yal kyl ene

SUtGddat es: ALY RAUNQ EBAEBLENSe . A GOBRLYSR San1 k) Ock
active compound and polyanion of the invention can be
incorporated into a pharmaceutically acceptable carrier
comprising biodegradable water-insoluble polymers,

25 optionally with some excipients. The term “biodegradable
water-insoluble polymer” is meant to include any
biocompatible and/or biodegradable synthetic and natural
polymers that can be used in vivo. The “biodegradable
water-insoluble polymer” is also meant to include the

30 polymers that are insoluble or become insoluble in water
or biological fluid at 37 °C. The polymers may be
purified, optionally, to remove monomers and oligomers
using techniques known in the art (e.g, US Patent
4,728,721). Some non-limiting examples of the polymers

35 are polylactides, polyglycolides, poly(lactide-co-

glycolide)s, polycaprolactones, polydioxanones,



copol ymers, branched copol yners, terpolyners and
conbi nations and m xtures thereof. [0037] Further, the

whr@degissrabl e wat er -i nsol ubl e pol yner can i ncP@MES®N028676

5

10

15

20

25

30

35

capped, end uncapped, or alblend of end capped, end
uncapped pol yners. An end capped polyner is generally
defi ned as having capped carboxyl end groups. An
uncapped polyner is as classically defined in the art,
specifically having free carboxyl end groups . LQOBS]
Sub Bt ar hasiades! ap OWeh vt < iosit Y8 § frer RO/ Hyd ene

def, gmbteﬂa@e%gaﬂﬁpam@;, Wi BaE eSKi bd1 jdbidianatts,

Factors y bé considered when deternining
nobetulegthegieght ol et eirl YeFOLEQTHBP §RENOfdGadat i on
raf &%}?AQ e STLED AN anatgret, dbsslutyiencof
popéﬁ%$F| sg%Vgﬁf.£$y%$%§fIy,aa suitabﬁ%iggaggﬂofe
nDFecuithamm givids pofl ypotyorsrtseriss ehdapepel ey block
Daltons to ab 0 10ns Wt ydirspersit
ofCPP%%X%??QtgH%P%?ggegg%%?%g uéoﬁkmgfcﬁﬂﬁ%lyner 'S Y
sekenbedafiornused asshgret Héredeadt-ors. [0039] A s used

her €] the term of "phar euticaklLy D

caltel - 's Hieea Re FRa Gy PP P e
enyblgReENtar espansievengr operdd esnfeugeapped, or a blend
t her.nosensi tive, sensitive, .electrigal nsi.tive,

et OF) e nfERY Iee%goIuﬁf?%%%(yCROl%nseﬁgﬁsggn(gl?gpgéré}%ec es,
fi Ipa;gymﬁgl { etgananyliigdee sinell scs haviiagocapsed esgrboxyl

m cr ospheres, nanospheres 1 croparticl .
maﬁ@ﬁs?ﬁ?%%?iégf1VV%@§8§B§?P%Wﬁ:dfh5? EE%%%l%%%gmeric
conrfirgdeat i Onsndised ,f epedi ffcalely \remying] 048] cBidiods
for form ng various pharnmaceutically acceptable
po@?ﬁegrEQP?igrs are well known in the art. For
exqegees. Vashous ehiodsuand wadpidsalsrapel geses inkgd be

inUS Patents: 6,410, 044; 5,698, 213; .
determined by a person of ordinary skill in the art.
Factors that may be considered when determining
molecular weights include desired polymer degradation
rate, mechanical strength, and rate of dissolution of
polymer in solvent. Typically, a suitable range of
molecular weights of polymers is of about 2,000 Daltons
to about 150,000 Daltons with a polydispersity of from
1.1 to 2.8, depending upon which polymer is selected for
use, among other factors.
[0039] As used herein, the term of "pharmaceutically
acceptable carrier" is intended to include any carriers
with environment responsive properties (e.g.,
thermosensitive, pH sensitive, electrical sensitive,
etc.), injectable solutions or suspensions, particles,
films, pellets, cylinders, discs, microcapsules,

microspheres, nanospheres, microparticles, wafers,



6, 312, 679; 5,410,016; 5.529,914; 5,501, 863; and PCT
Publication No. WO 93/16687; 4.938, 763; 5,278, 201;
w®2068178682; EP 0, 058, 481; which are all incor ppCHUS05/028676
herein by reference. [0041]17According to the
I nvention, conpositions can be produced when
bi ol ogi cally active conpound/ pol yani on conpl ex are
di spersed in polynmeric matrix to formsolid inplants,
whi ch can be injected or inplanted to a subject. These
5i nplant ke van ipesprepar 8 {01 Ffé‘OHPoP%JgYIE%‘ILJICy active
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bi GFEGFEaPY yE AT IVE e

i ve conpound/ pol yani on conpl exes and
15polipuE s camdesqprieparedihy tiyertixinngcompasytions can
appropri ate apparatus, for anple in a ball ml a
at PeoBRPEBRPE ST &Wﬂogegﬁﬁy ggjcrtdv‘\’@r “PERPEFS %?iéfar?lgg
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requi red. Honogeneous m xture of_ biaol ogical HX ac itvﬁe
20c o i3 OdREL FBL Y& B EofsrERERd ghgl yanion™ complex of the

invention, optionally containing pharmaceutically
acceptable excipients, using conventional polymer melt-
processing techniques, such as, but not limited to,
extrusion, compression and injection molding, wherein

25 elevated temperatures (preferably less than 100 °C) are
used to melt the polymer matrix in the preparation of
the implant. Preparations of such implants can be
carried out under aseptic conditions, or alternatively
by terminal sterilization by irradiation, using but not

30 limited to, Gamma irradiation or electron beam
sterilization.
[0042] According to one embodiment of the present
invention, homogeneous mixture of biologically active
compound/polyanion complexes and polymers can be

35 prepared by dry-mixing in any appropriate apparatus, for

example in a ball mill, and at room temperature or even



pol ymers can al so be prepared by dispersing the
conpl exes in polyner solution in an organi c sol vent,
wo edobovrss2 by t he renoval
evaporation or |yophilizatiit®n. The resulting solid can
be pul verized to fine powders . [0043] According to
the invention, once a given mxture is well

honogeni zed, it can be nol ded using the techniques
known in the art. For exanple, it can_be_praogressively
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30

35

depending on numerous factors, such as the geometry of
the apparatus or the grain size of the powdered mixture.
The control of the preheating and -of the change it
undergoes as the mixture progresses is more critical:
depending upon the nature of the products to be treated
(copolymer, biologically active compound), every
endeavor is made to maintain a temperature gradient not
exceeding approximately 100 °C. The initial temperature
to which the powdered mixture is subjected can be 25 °c,
lower or higher, depending on circumstances.

[0044] The molding temperature should be kept as low
as possible, preferably, not exceed 100 °c, and the upper
limit of the temperature is dictated by the nature of
the biologicglly active compound, which should not
undergo deterioration. An adequate pressure and an

adequate temperature promote the perfect homogenization



preparation of FTIR pellet. [0046] In one enbodi nment
of the invention, a copolyner of D L-lactide and
w@bkopeolisde with a 50/ 50 nol ar ratio of D, L-| ack¢TES1005/028676
glycolide is dissolved in nethylene chloride. To this
solution, tetracaine phytate is added and di spersed
wWith a high shear m xer. The resulting mxture is
placed in a rotating evaporator and the majority of
the nmethylene chloride is renoved under vacuum The
5 r e@iﬁl Ehdglngtiedk eaik§perdi o IR TFAGHEAT ont't® & iieLT
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delivery systens can be suspended in a suitaple
20c ot Bhate prarktd®edt fehrt yr y the Tilm Thus' oStathed is

melted and compression molded to give a film about 0.5
mm thick.
[0047] According to the invention, alternatively, the
homogenized powders can be melted and compression

25 extruded or injection molded into different shapes of
solid implants as known in the art. The actual extrusion
can be carried out by means of a nozzle of standard
shape and dimensions. The cooling of the extruded
product is achieved by any appropriate means, such as

30 cold sterile air or gas or simply through natural loss
of heat.
[0048] According to the invention, these solid dosage
forms, e.g., fiber, rod, £film, or wafer, can be reduced
to microparticulate forms by comminution or milling. The

35 extruded or molded product described above adequately

cooled is then pulverized at low temperature, preferably



acceptable injection vehicle. [0049] According to
anot her aspect of the invention, particularly

we@tdoeo1isye and useful parenteral pharnmaceuti caPCT/US2005/028676
formul ati ons of biol ogical 2§ active conmpounds can al so
be prepared in the formof solutions or suspensions of
a polynmer in a pharnmaceutically acceptable sol vent
cont ai ni ng di spersed or sol ubilized drug/ pol yani on
conplex . By conplexation with a polyanion, the
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20 compound are not available to interact with polymer in
solution. Thus, the stability of biologically active
compound in the compositions of the present invention
was improved by complexing with polyanions of the
invention.

25 [0050] Thus, according to the present invention,
however, there is provided a pharmaceutical composition
comprising a biologically active compound complexed with
a polyanion and a polymer, for extended release of the
biologically active compound, characterized in that the

30 composition is in the form of an injectable
solution/suspension, comprising:

(a) a complex of a biologically active compound
having at least one basic functional group and a
derivative of hexahydroxycyclohexane having at

35 least two negatively charged functional groups; and

(b) a biodegradable water-insoluble polymer;



preferably InP6 or I1nS6. [0052] The nolar ratio of
bi ol ogically active conpound to pol yanion in the
w@eowploewsm || vary fromO0.1:1 to 1: 0.1 accor di Pgr/us200$1e28676
nature of biologically act2te conpound and pol yani on,
and the period of peptide drug rel ease desired. [0053]
Any sui tabl e bi odegradabl e pol yner can be enpl oyed,
provi ded the polymer is insoluble or becone insoluble
i n aqueous nedium or body fluid at 37 C. Suitable
5 bi odegr adabl® poiyreretaceliiosecaeiainkrl apdveic [ Po5Ant
The !VRg, Aphecy gb1velonto, and govpi-of -
blodegrada e polymer present in the conpositions can
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pepsefe vabhy; amdicnaryIs&élls in the art. [0055]
Sui t abl e pharmaceutical |y acceptabl e organi ¢ .sol vent
i nt403dk, butThfolof-PHi FRETE PF %—lr?gf’ﬁflfséggy pYFroiq done,
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aceérafeselease de5iriAy conbi nation thereof. [0056] The
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pofyners are t'hat they are pharmaceutically acceptable
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di ff'use rnto body fluid so

20 Suitable biodegradable polymers are those defined above.
[0054] The type, molecular weight, and amount of
biodegradable polymer present in the compositions can
influence the length of time in which the biologically
active compound is released from the controlled release

25 implant. The selection of the type, molecular weight,
and amount of biodegradable polymer present in the
compositions to achieve desired properties of the
controlled release implant can be performed by a person
with ordinary skills in the art.

30 [0055] Suitable pharmaceutically acceptable organic
solvent include, but not limited to, N-methyl-2-
pyrrolidone, N, N-dimethylformamide, dimethyl sulfoxide,
propylene carbonate, caprolactam, triacetin, benzyl
benzoate, benzyl alcohol, ethyl lactate, glyceryl

35 triacetate, esters of citric acid, and polyethylene



that the liquid conposition coagulates or solidifies
to forman inplant in place. Single and/or m xture of

W@ owh/0s185ent s can be enpl oyed, the suitabilitRCDUSHODRS676

solvents can be determ ned22eadily by sinple

experinmentations . [0057] The pharnmaceuti cal

conpositions of the invention typically contain

bi ol ogi cally active conpound in a range of 0.1 to 40%

wv. In general, the optimal drug | oading is dependent
5 upohy ¢diss perlikod yoblyet masmedadiveeds amed t prel yedthernepe of

the. bi ol ogi cally agtjve j I
bi %_%%(écl?ica eyc/caécg i’véuc::bhp%ﬁ%%g?gf%%%%?ﬁc%heﬁgffonger
pejoosa] of raheaseithighefod exnel srghniaceorpordtsi o nay

be required. .[005 The vi scosity,of the solution
coﬁb%‘g‘?‘ﬁad%?l%f pf’ﬁ&“‘?ﬁ?/e?ﬁ? gc%aits)éBSYe%ﬂ? ned by the
mbggﬂ{&ﬁemmFyoéaﬁaﬁtmﬂqm andcbbganic dicipeestible
used. For .exanp]. e, en pol lactjde-co-gl.ycolide).i
10 1958, ATHO TGN B BOTy et n e RRrs L rdghit®
Vi lgepsétaw drhan ddi %eﬂgﬁﬁﬁﬂﬁo dﬁ)ﬂﬁju@al byt o whedy t e isiame
solvent is used, the higher the | ecul i .ght_.and
CoRbeRt Fi 1O CREPRST T P IREEReeT f Y2
vi g%_ggliﬁi %g.in@n@‘rﬁ[) aﬂial w%&gf/. gﬁﬁfgﬁ@t ratiyon efxthe pd yoeh
in solutions is bel ow () wei ght | e ef er abl
cofiGeREREt i G & FRBLIBBRYNET S ﬁ@&ﬁhf&%ﬁ% (i?‘é YE e%
1520 549506 hyaneighite+ £S5 4 Rreafanabby, siheleonpl ex
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20 drug loading is dependent upon the period of release
desired and the potency of the biologically active
compound. Obviously, for biologically active compound
of low potency and longer period of release, higher
levels of incorporation may be required.

25 [0058] The viscosity of the solution compositions of
the invention is determined by the molecular weight of
the polymer and organic solvent used. For example, when
poly (lactide-co-glycolide) is used, the solution of
polyester in NMP has a lower viscosity than in mPEG350.

30 Typically, when the same solvent is used, the higher the
molecular weight and concentration of the polymer, the
higher the viscosity. Preferably the concentration of
the polymer in solutions is below 70% by weight. More

preferably concentration of the polymer in solutions is

35 between 20 to 50% by weight.



[ 0060] According to one enbodi nent of the present
invention, a sinple salt, tetracaine chloride, is
worRooea1is: h 50/ 50 poly (DL-1acti de-co-gl ycol i deQT/0820051¢28676
a carboxy termnal group sé@Bution in NWP. For the in
vitro studies, small drops of the m xture (about 100
ng) are added to phosphate buffered saline solution.
The receiving fluid is replaced at selected tine
points with fresh solution, and the renoved PBS
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Wit h frgs? solution, and the renoved PBS solution is
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20t h&reshp6s Bnowed tthgeremoved PBS solution is analyzed
for drug concentration using appropriate analytical
methods.
[0061] According to another embodiment of the present

invention, tetracaine phytate is mixed with 50/50

25 poly(DL-lactide-co-glycolide) having a carboxy terminal
group solution in NMP. The drug complex was dispersed
uniformly in the polymer solution. For the in vitro
studies, small drops of the mixture (about 100 mg) are
added to phosphate buffered saline solution. The

30 receiving fluid is replaced at predefined time points
with fresh solution, and the removed PBS solution is
analyzed for drug concentration using appropriate
analytical methods.
[0062] According to another embodiment of the present

35 invention, octreotide phytate and octretide acetate were

mixed with 50/50 poly(DL-lactide-co~glycolide) having a



[ 0063] According to another enbodi nent of the present
i nvention, octreotide phytate and octreti de acetate
wawene/omsxed with 50/50 poly (DL-Iactide-co-gl yPoI/USE)s/028676
havi ng a carboxy term nal @g#oup solution in NMP and
met hoxypol yet hyl ene gl ycol 350. The drug conpl ex was
di spersed uniformy in the polyner solutions. The
conposi tions were admini stered subcutaneously in
Sprague-Daw ey male rats to forman inplant in place.
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thandeshkedal release of octreotide was determined by
implant retrieval at predefined time intervals after
administration and analysis of the octreotide remaining
in the implant. The stability of octreotide during the

25 formulation and release was also evaluated. The
complexation of octreotide with phytic acid
significantly lowered the initial release of octreotide
and improved the stability of octreotide during the
release process over time.

30 [0064] The release of biologically active compound
from these implants formed in place will follow the same
general rules for release of a drug from a monolithic
polymeric device. The release of biologically active
compound can be affected by the size and shape of the

35 implant, the loading of biologically active compound

within the implant, the permeability factors involving



properties of the controlled rel ease inplant. For

exanpl e, the anount of injectable solution conposition
w@ aveiorfsszence the I ength of time in which thePCT/US2005/028676

bi ol ogi cally active conpoundd is released fromthe

controlled release inplant. [0066] According to

anot her aspect of the invention, conpositions in the

forms of m crospheres are produced by encapsul ating

bi ol ogi cal ly active conpound/ pol yani on conpl ex in
5potynebnelQ$ﬂ¢ahiy aThéevei obrerfiwy lapdaghpyearticular

0 n n t
S e e

hawpng the qeueOLthopefr me@,om@ww@t@a@t aB]lﬂleOl# selected
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an@pethémkiﬁieuld@blaetyOQfdtWQNdﬁyuﬁﬁﬁwytacgiﬂﬁathe

eggnd I%ag éﬁaﬂdﬂ?QtQXntQP fgygﬁ§%U|ar encapsul ati on

echni que, yner conposi tion, ymer crosslinking,
pol[oomﬂ t hi ckkmmoumzl yslﬁeltn$@¢tdchlle| tsplusioe aqmbosrttlon
soI bi.li.ty of b| i cal i ve conpau /p
et %ﬁ%d?]w é’é’ﬁ%%}r/% Y ARY uggﬁpgﬁnd(? yam on

comlo@értmebeoﬁrt&momhaﬁ:emaai erslmwndm@lant a ot yner
solutiogsln an organi c _.sol vent. The ¥ner sol uti.a

muSt2PeLE ontentF™H Ehothherd bloerrpﬁ ete ﬁnc:%%lflp?snltl%n

15bi Jegheal hynastines 1@@@”}aﬁuaﬂ/’pﬁheyam emichnphex after
t hey are addedt o the sol ution unt S one

V\hlbdﬁ’ 19pbGRatY 3F WgisgFP™PRERD bF ]‘}ﬁqﬁaéﬁ P9 %}E? ive

Comlm@/im@hyﬁélléubecqmllaw:to pol ymer between about
0.01 and about 50, preferabl bet ween about 0,1 and,
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% ssRouhd Be krptrosusperded. afbmeksabkewstbded
reg ate as_they are coated by contact with the
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nCapepbBY L FF eHeLapl-Gal  her €loiff SPTERBUF (PR 127
VeQ%kaﬁ& in polymeric carrier. The biologically active

compound/polyanion complex can be encapsulated using
various biocompatible and/or biodegradable polymers
having unique properties which are suitable for delivery

25 to different biological environments or for effecting
specific functions. The rate of dissolution and,
therefore, delivery of biologically active compound is
determined by the particular encapsulation technique,
polymer composition, polymer crosslinking, polymer

30 thickness, polymer solubility, size and solubility of
biologically active compound/polyanion complex.
[0067] Biologically active compound/polyanion complex
to be encapsulated are suspended in a polymer solution
in an organic solvent. The polymer solution must be

35 concentrated énough to completely coat the biologically

active compound/polyanion complex after they are added



solubility in organic solvent used. The reactive
groups of the biologically active conmpound will be
wWhowad1862 t he pol yani on and thus are not avai | Bdi/8S005/028676
interaction with polyner orésolvent. This greatly
reduces the risk of unfavorable interaction with the
pol ymer. [0069] A polyner solution of the biologically
active conpound/ pol yani on conpl ex can therefore be
subjected to a variety of m croencapsul ati on
Stet:anthejaﬁoﬂutdloundi Agckprmyerdryitngs Spe ayhedhgedvitAgs @
enul si.on, sol ve i [ :
ACBT BT h 10 D Babonr ron breeRe®] RUBRET ou g™ ion
bi obmghaalt_tq r.a:diyimlee benpeemd/qrolty AnPdnatd e 59,
suspende n.a.pol ymer sol utiqn i organ.c. sol vent .
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corphex@sb@rervamer sedhi th¢ heolageeous phase, where the

organi ¢ sol vent_evaporates or diffuses fromthe

OMIRET . *The® GoierdEhyedt bo) St en CLRELR AP LEs haery Tov

bi gbeghbcalty Bfidrseneempeunsipalssani anecoaptieivd afonpm

a conEOS|t!on..The emul sifier helps to Eedu e th

i nPér £aei Al okeFicdd vt BRET BN HEE Fhd v%??%ﬁﬁ?’ 1895 &&°
150 LERLLRE oh Nadd e rsshel Juf i digh ke 1kardeninge piasienof

the process.Alternatively, if the encapsulatin

polwiBr PAREISHRF iSPHEFBRt St Sy vREYCeY h%}ee ey

be J30,Resd. £ 051 Addidel-aRt 96n awSEP AR @osyhbace active
agent. [0071] Emulsifiers useful to prepare
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Ca%p&%§u8§y£HS,Séggéy:%ongealing, emulsion, solvent

evaporation emulsion.
[0070] According to one embodiment of the invention,
the biologically active compound/polyanion complex is

25 suspended in a polymer solution in an organic solvent.
The suspended complexes or microparticles along with the
polymer and organic solvent are transferred to a larger
volume of an aqueous solution containing an emulsifier.
In the aqueous solution, the suspended complexes are

30 immersed in the aqueous phase, where the organic solvent
evaporates or diffuses away from the polymer. The
solidified polymer encapsulates the biologically active
compound/polyanion complex to form a composition. The
emulsifier helps to reduce the interfacial surface

35 tension between the various phases of matter in the

system during the hardening phase of the process.



tensi on between the polymer encapsul ated bi ol ogically
active conpound/ pol yani on conpl ex and the sol ution.
WO 0@8R]786x gani ¢ sol vents useful to prepare thePCT/US2005/028676
m crospheres of the present7invention include acetic
acid, acetone, nethylene chloride, ethyl acetate,
chl orof orm and ot her non-toxic solvents which wl|
depend on the properties of the polyner. Sol vents
shoul d be chosen that solubilize the polyner and are
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. TheRiglkagically active

[0073] A preferred embodiment of this invention is
that the integrity of the bioclogically active
compound/polyanion complex is maintained during the

25 encapsulation process. The complexation is maintained
during the suspending process by using an organic
solvent in which the biologically active
compound/polyanion complex has a very low solubility.
Subsequently, once the coated complexes are transferred

30 to the aqueous solvent, rapid hardening of the polymeric
carrier and sufficient encapsulation of the biologically
active compound/polyanion complex in the previous step
shields the complex material from dissolution.
[0074] The polymers used to encapsulate the

35 Dbiologically active compound/polyanion complex can be

either homo-polymers or co-polymers as described above.



conmpound/ pol yani on conpl ex are added to one of the

sol utions and di spersed. Here, the biologically active
W@ 0vpouiss? pol yani on conpl ex becone coat ed w t hP@T18S2005/028676

first polyner. Then, the s@ution containing the first

pol ymer coated biologically active conpound/ pol yani on

conplex is conbined with the second pol yner sol ution.

Now, the second pol yner encapsul ates the first polyner

whi ch is encapsulating the biologically active

Scon@diphd/ pol yarmirortheanphbrdineeal [doublki-gadbpdt PORE
the qrﬁpﬁfgr$£gﬁ€f%§ %T%eFaVQé6HE%é§éd%% agygPls-walled

ol ut| on cont ai ni ng ce active agent or
emnicélyfmeer codped h@m@@basesomw ikon poodeacsdl henpreparing
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ynmers-are preci‘pitated to encapsul ate the conpl ex.
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complex. Ideally, this solution is then dripped into a
larger volume of an aqueous solution containing a
surface active agent or emulsifier. In the aqueous
solution, the solvent evaporates from the two polymer
25 solutions and the polymers are precipitated to
encapsulate the complex.
[0076] Although the formulations described above are
primarily those for injectable or implantable routes of
administration, the biologically active
30 compound/polyanion complex of the invention may also be

used in the manufacture of orally, nasally, or topically
administrable formulations.
[0077] Thus, according to the present invention, the
compositions containing the biologically active

35 compound/polyanion complex can be administered to a

subject where sustained controlled release delivery of a



the subject, including delivery by oral, by nasal, by
i njection and/or inplantation subcutaneously,
wo pdosamsscul arly, intraperitoneally, intradernetT/ys$2005/028676
intravenously, intraarteri@bly, or intrathecally, by
adm ni stration to nucosal nenbranes, or by in situ
delivery to provide the desired dosage of a
bi ol ogi cal |y active conpound based on the known
paraneters for treatnent of the various nedica
Scomrdicflponsa i ¥ rratierebicorpgivedl 15y deetirge - cHFpetfd. herein,
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biologically active compound.
[0079] The term " controlled release delivery", as
defined herein, is intended to refer to continual
delivery of a pharmaceutical agent in vivo over a period
25 of time following administration, preferably at least
several days to weeks or months. Sustained controlled
release delivery of the agent can be demonstrated by,
for example, the continued therapeutic effect of the
agent over time (e.g., for GLP-1, sustained delivery of
30 the peptide can be demonstrated by continued Alc
reductions over time). Alternatively, sustained delivery
of the agent may be demonstrated by detecting the
presence of the agent in vivo over time.
[0080] All books, articles and patents referenced

35 herein are fully incorporated by reference.



di potassiumsalt (MNVN736.22) in water (27.2 mM) were
prepared. T o 100 mL o f doxorubicin hydrochl oride
waeeloanimss 2.1 mL o f phytic acid sol uti on waBCHUS®AS/028676
while stirring the solutiod0 The expected ratio o f
phytic acid t o doxorubicin was 1:6. The m xture was
centrifuged. The precipitate was washed four tines
with water and then |lyophilized. The yield i s 187 mg
(88 59 %0083] The solubility o f doxorubicin phytate
SwaEXAMELEPed in dei oni zed water, phosphate buffered
salpd ] ( PBS, Tie Hfo71143)mln@| @&Mi@yllfl%ls@@at@lva@
Di net hyI acetam de (DMAC) , W Met hyl -2-pyrrolidone
( NMD)“POSéHHO%t%WWQF h9t eee g}ﬁ?é&ﬁn’il 18RAn EHPEG TS
Resiht3wahg & dd shBaihabbe hel Busibxanpl gs2
Preparati on of crospheres Cont ai ni ng DOX- PA and

DOiFdtafdoBa] et shoylBORS PALE oA &% Nads T8 BpkF SEtf i n

10t h&, 304t BQGgOdéll%%W(s%ﬁ%Q 3A, Al kermes) in
met hyl enechl ori de ( . The above orpgwnl c phase was

en@@imp;ledlu Rreprration 9ff dexeughigin rbykass| (PP%TFR)

§§¥Bp@0%ﬂu &%ﬂ%%g@@*ﬁﬁ@mﬂmh@

was” contlnued t o st
evapot &7€ .ehe DOMatEre (Bak8enéd andridsplodméspgrec acid

fgp%e%ﬁEQSqu ?ﬁf@g@gﬁggggE%ﬂPg?SMB&%P%%@”E nMRsHed
15r egzespdiriedd. 'Reddl & mIniocdr dephenlescive hydgiscail nedde The

dru %ntent 'PﬁEEéﬁg%%gggF %%fé éofﬁtf%nl%ég 8dded while

determ ned’ b y e m crospheres
conttdirmimg DPEX- Hlutiere phepaxredcted nsdilog cBOXhHCIC igrid

B b oL GRaTat | O of “EniAR eI BT Gouor iardry
phytrat @e@A86} a Tdevadoxarsiledcifnuphyirede wirtdparédri and
EX%HBLFI%ophilized. The yield is 187 mg (88.5%).
[0083] The solubility of doxorubicin phytate was
measured in deionized water, phosphate buffered saline
(PBS, pH 7.4), Dimethylsulfoxide (DMSO),
Dimethylacetamide (DMAC), N-Methyl-2-pyrrolidone (NMP),
25 and methoxypolyethylene glycohol 350 (mPEG). Results

are shown in the table below:

Solvents Solubility (Og/mL)
H,0 4.5
PBS (pH 7.4) 11.2
DMSO Soluble
DMAC 50
NMP 50
mPEG 0

Example 2 Preparation of Microspheres Containing DOX-PA
and DOX-HCl
30

[0084] 121 mg DOX-PA complex was dispersed in the
solution of PLGA (DL5050 3A, Alkermes) in methylene



i s encapsulated in polylactic-co-glycolic acid (PLGA)

usi ng a double enul sion nethod. 1.4 mg o f
waloooenuisszi n phytate i s added i n nethyl ene chP@Y/US®05/028676

containing PLGA (0.6 g PLGAImM solvent; 2 0 m). The

m xture i s honogenized for 3 0 sec at 3,000 rpm

usi ng a honogeni zer with a mcrofine tip. The

resEIEing suspension i s transferred t o a stirred

tan 2000 m) containing 1 % pol vi nyl al cohol)_.
S POR} CEREe P e OTr derar s oY ¥aE SOriBied

S nRirxedoamt, dr 00y pm/for planssluthe mhdeasphsrese+ n

the PVA solutjion are preci ita%oeg b 1\4 i mrersion in

di sctoiollleédl%apé?,rw&aéﬁg £71 ered TR Vo biier es
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Tween, t o reduce aggloneration and dried wth ,

ni (HEgEATHBREY WHGROSRIeAE, WERANT - F Lo dpPEpaf 87T b %f
10t etdBcanne sRPYEAL €al008Aknda Ot grd £10iadGa R th deionized

hydrochl oride (3.33 nmol) was dissolved in 4 0O mL

vat@teznd apft RReR goranre SEipdi ngfe FiPhs MrcEogPRet ¢ were

PhydiGiaehd sehatdany edntExanph ecde Wasaddelerdbt €6 ~5.1%
another 30 mn of stirring, the precipitate was
certy idergeninnd WasdhEd -wi th water. The final products

werignddl t he ' o . T chi f
(Boldl 1 L RO T S L0
15Ex anqsip@ & d- bPr eparat DB HEEE pol Yherpics esphEKeBA using

conctk%aei i.ng Eg EQ&?}%%%&( 88] Polyner (e.g., poly

(l actide-co-glyco LGA) m crospheres were

pr epeampd.eby 3an—oi Preprradtion (Of Wensiapgudasad| sderprubicin
t egdhnitgre. PLGA was di ssol ved in nethyl ene chloride
(DQdp86] For trhe etcapsiilcdhi phyoétd ebrapaiete int Aeampleg 1

e et Lo P aglytiont p POV, e tegen
0. S2dl%d W dpuBYA &RV i B8Uehyiddol yzedig avferdagerubicin

phytate is added in methylene chloride containing PLGA
(0.6 g PLGA/ml solvent; 20 ml). The mixture is
homogenized for 30 sec at 3,000 rpm, using a homogenizer

25 with a microfine tip. The resulting suspension is
transferred to a stirred tank (2000 ml) containing 1%
poly(vinyl alcohol) (PVA) and methylene chloride (4.5
ml). The solution is mixed at 1,000 rpm for 1 min. The
microspheres in the PVA solution are precipitated by

30 immersion in distilled water, washed and filtered. The
microspheres are then washed with distilled water
containing 0.1% Tween, to reduce agglomeration and dried
with nitrogen for 2 days at 4 °C.
Example 4 — Preparation of tetracaine phytate

35 [0087] 1.0 g tetracaine hydrochloride (3.33 mmol) was
dissolved in 40 mL water and with vigorous stirring,

20.5 mL of the phytic acid solution of Example 1 was



nol ecul ar wei ght of 31, 000-50, 000, Sigma-Aldrich)

solution pre-cooled in the refrigerator at 4 0OC . The
we@rwbs13m was stirred continuously for 3 h at RIT/U82005/028676

evaporate the DCM The har@2ned mi crospheres were

col l ected, washed three tinmes wth deionized water,

and then freeze-dried. [0089] In the case of

preparati on of mcrospheres containing tetracaine

phytate (TCPA) , 21 dinb5
L PeER9sol BT “Fﬁ“g‘%ugﬂeﬁé?oﬁév% Srs%ﬁlséggggg flo;1 10m

'“|bréEﬁb§t§Uép@£§léHhﬂM%iu§b@MéﬁdEﬁhhﬂéd[®1thewater The
conti nuous phase (1% PVA sol %tl on)_ pr.e-cool eg 3?'
FPhuousty
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f orsod uidt £y 0emM tiymenatidke h od evapamat euttierDCM  sthewm
har dened m crospheres were collected, washed three

ti M OMi-t h dei oni zed water, and then freeze-dried. The
tetracafme 0adsB@SeAPOUT 3. 2% BHbiReky kg /mL)
mcr osp TETES GRERI LA figy f etracgi ne hydrogh oride
(TG HO ywereny egREy bl @ SiTiar manngrs by

r epl aC| cé"gf"e"%dfﬁfe'r"' 4 Hcllpl g 6 - preparattorm|of

vV k|

moel UII S NG g Gt I&E-l atEoTk Ay h
ok i ag S p%&L@ééaﬁEnt B Ok T foaist | microspheres
ed by corrpreSS| on nol di ng process 249 mg PLGA

wer e rou m xed WI etra
phm@g% usi nBO YR t{a% gandpﬁégt‘ %Ctll%e ¢ &yﬁwﬁ §¢j ne
m i(.tw@ \_?_ﬁlﬁ_erﬂ'lé)]il)ld@f’e&ﬂdi@ prbphtad Rsesm to(ilf—@hhmvater
e e pellets contai t et
15y oG GHPELevERe 31 G FrEBATER. 19 e orarteaRlved in
Exanlg 1éne Prepaiad i @rf. rFopl eng Semjisamaltmgn of
tetracai ne phytate [0092] 2.56 g of

(1 e deeeabg] Yool #til (e EAFS¢ ReBoaTiP Fifp solucion in
Boekun naele- hagebhebmtich dirsSsakyellsidh #ak3 emulsified in

500 mL of 0.5-1% (w/v) PVA (PVA, 88% hydrolyzed, average
20 molecular weight of 31,000-50,000, Sigma-Aldrich)

solution pre-coocled in the refrigerator at 4 °C. The
emulsion was stirred continuously for 3 h at RT to
evaporate the DCM. The hardened microspheres were
collected, washed three times with deionized water, and
25 then freeze-dried.
[0089] In the case of preparation of microspheres
containing tetracaine phytate (TCPA), 210 mg of TCPA was
suspended in 5 mlL PLGA solution. The suspension was
sonicated for 10 min. This suspension was slowly added
30 to the continuous phase (1% PVA solution) pre-cooled at
4 °C while stirring. The emulsion was stirred
continuously for 3 h at room temperature to evaporate
the DCM. The hardened microspheres were collected,
washed three times with deionized water, and then

35 freeze-dried. The tetracaine load was about 3.2%.



grans of nethylene chloride. To this solution, 256 mg

of tetracai ne phytate is added and di spersed with a
wohe@h/osisear m xer. [0093] The resul ting m xt urBCT/BS2005/028676

placed in a rotating evapoBator and the majority of

the nethylene chloride is renoved under vacuum The

resulting thick dispersion is poured onto a gl ass

pl ate and spread with an adjustable blade set at 0.7

nmm [0094] The filmthus obtained is nelted and
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tetracai ne phytate is_mxed with the polynmer sol ution

by §4S fgE°f PGERFHYY SHal9e"8POPECDf the mi xture (about
1OOE,@l}pgme added t orgpasphidre bUEf eridgblamltisne containing
SOl gd#raAhePPhytdte The receiving fluid is replaced at

selpabgd timp pei ptse Wdily fibeshasobetd Bpho1amd)t herca)
renoved PBS solution is anal yzed for

2@ ontRI T4 SHousPagh AR deTRoRe AT ng?r)uq%fﬁsoéfﬁﬁ‘p% 973
;ICF%% Ad qacaf1Lhe Gonlien ofol tHosaldtid) PBYtLE of
tetracaine phytate is added and dispersed with a high

shear mixer.
[0093] The resulting mixture is placed in a rotating
25 evaporator and the majority of the methylene chloride is
removed under vacuum. The resulting thick dispersion is
poured onto a glass plate and spread with an adjustable
blade set at 0.7 mm.
[0094] The film thus obtained is melted and
30 compression molded at 80 °C to give a film about 0.5 mm
thick. The film is incubated in phosphate buffered
saline (containing 0.02% sodium azide) at pH 7.4 and 37
°Cc, and the buffer solution is assayed periodically by UV
to determine the amount of tetracaine released.
35 [0095] Similar molded implants can be manufactured
using, in place of tetracaine, other biologically active

compound containing at least one basic functional group.



[0097] 1.0 g |idocaine hydrochloride (3.69 itimol) is
di ssolved in 400 mL water and with vigorous stirring,
w@2008/0msE2 of the phytate sol ution of Exanpl e 1P¢BHUS2005/028676
added. After 30 min, the pBt#is adjusted to 3 .5 with
0.1 N HO solution. After another 30 mn of stirring,
the precipitate is filtered and washed 4 tines with
wat er. The final product is |yophilized. Exanple 10 -
Preparation of the conplex of anmoxicillin with ytic
5aciE&afpde8] 81. 6 I&ﬁﬁggé}ﬂ-?l nE PRFHIGRHOFS d&@E( 2 tﬁfracame
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m xture was vortexed for 1 nd then t

e DAt a BYRL e 5rReRE P aEthornde REu et on at
comﬁkexmmas separated by centrlfugatlon and rinsed

w th water once. reC| pr oduct s.freeze .
e 1 Brorarabicnat s qoReRRe e "FEadd RS wien

iRhY enaer-< bt ai ned. Exanpl e 12
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dissolved in 400 mL water and with vigorous stirring,

28.8 mL of the phytate solution of Example 1 is added.
After 30 min, the pH is adjusted to 3.5 with 0.1 N HCL
solution. After another 30 min of stirring, the

25 precipitate is filtered and washed 4 times with water.

The final product is lyophilized.

Example 10 - Preparation of the complex of amoxicillin
with phytic acid
[0098] 1.0 g amoxicillin hydrochloride (2.74 mmol) is

30 dissolved in 400 mL water and with vigorous stirring,
21.3 mL of the phytate solution of Example 1 is added.
After 30 min, the pH is adjusted to 3.5 with 0.1 N HC1
solution. After another 30 min of stirring, the
precipitate is filtered and washed 4 times with water.

35 The final product is lyophilized.

[0099] Similar complexes may be manufactured by using, in
place of amoxicillin hydrochloride, other compounds

containing at least one basic group.



[00101] Injectable fornulations o f octreotide were
prepared b y dispersing octreotide in polyner solution
WO pooan1Bppr opri ate sol vent. For exanpl e, poly PCT/US2005/028676
(DL-1 acti de-coglycolide) (BEGA) having a 50/50 ratio o

f lactide t o glycolide (PLG DL2 .5A from Al ker nes)

was di ssolved in Nnmethyl- 2-pyrrolidone (NWP) , or

nmet hoxypol yet hyl ene gl ycohol (mPEG o r pol yet hyl ene

gl ycohol dinmethyl ether (PEGDM t o0 give a 42% .
SsofgemBheh 1f viei BReRaTAE o9Pnj ¥t ERP ecg{f}?ﬁ‘ﬁi‘ aPforRethepEtde
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min and then the mixture was put on a rotator to mix for
another hour. The complex was separated by
centrifugation and rinsed with water once. The
precipitated product was freeze dried for 48 h. The

15 final product in the form of white powder was obtained.

Example 12 - The Stability of Octreotide in Injectable
formulations
[00101] Injectable formulations of octreotide were

prepared by dispersing octreotide in polymer solution in
20 an appropriate solvent. For example, poly(DL-lactide-co-
glycolide) (PLGA) having a 50/50 ratio of lactide to
glycolide (PLG DL2.5A from Alkermes) was dissolved in N-
methyl-2-pyrrolidone (NMP), or methoxypolyethylene
glycohol (mPEG), or polyethylene glycohol dimethyl ether
25 (PEGDM) to give a 40% solution by weight. The injectable
formulations were prepared by dispersing octreotide
phytate or acetate in the polymer solutions. The
mixture was thoroughly mixed until a uniform suspension
or solution was obtained. Six injectable formulations

30 were prepared as shown below.

Polymer Solutions Targeted Salt Drug PLGA/Sol.

Loading Form (mg) (mg)
40% 5050DL2.5A/60% NMP 50 mg/ml Aceta 20 455
40% 5050DL2.5A/60% NMP 50 mg/ml Pgiia 20 445
40% 5050DL2.5A/60% mPEG 50 mg/ml Aggia 20 450
40% 5050DL2.5A/60% mPEG 50 mg/ml Pgiia 20 430

te



40% 5050DL2. 5A/ 60% NMP 5 0 ng/m Aceta 2 0 455t e 40%

5050DL2. 5A/60% NWP 5 0 ng/ml Phyta 2 0 445 t e 40%
WGBOMLBSHA 60% nPEG 5 0 ng/ Ml Aceta 2 0 450 tPET/USHN5/028676

5050DL2. 5A/ 60% nPEG 5 0 ngBel Phyta 2 0 430 t e40%

5050DL2. 5A/ 60% PEGDM 50 ng/ M Aceta 2 0 445 te 40%

5050DL2. 5A/ 60% PEGDM 50 ng/ M Phyta 20 440 te Note:

nPEG Met hoxy pol yet hyl enegl ycol 350; NWMP : N nethyl

Pyrrolidinone; PEGM polyethyl ene glycohol din
et he0% 66 26DF2 Th &3 HiECDy 5B myitt dwEitde i A0t he a%%%e
injectable fornmulations at roomt errpeF%tt ure_was
moni 405r 68 58DY2 H(6 Wn PECRY PRsTFAR detehowdl i n t hed0
table below. The conplexation of octrB®tide with
Sphyti ¥obei dnEGnpMetidy peiveiyvéantHeycdbgr afatMgn N-methyl
andiyerobedii"@PPon o f octreotide in PLGA solutions in
NPEG an@EPREDMPOMIEERY heRg igiicolegr diBe Fiont Grther
octreoti de was observed in PLGA solutions in NW at
ro era e td e, t a e
T B B e SO T PP Dot Gat, e ums
10degrraded abrl er Eacrebafarer atthireen dagpreia fugemas
teqﬁajﬁ;%r@'banEﬂ@ £@§ﬁﬁngegﬁg%és§4énéﬂy%ﬂ AnNMRe table
al nost. 100% 0”f octreotide was degraded or acyl at ed.
Thevefor.e, Toet cenplekatpnn afeonbutet e witd phetérraeid
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MPEG: PEEDVJREEGDVPLGA solutions in mPEG and PEGDM, while a

15 slight degradation of octreotide was observed in PLGA
solutions in NMP at room temperature over time. When
octreotide acetate was used, significant amount of the
octreotide was degraded or reacted after three days at
room temperature. In the case of PLGA solution in NMP,

20 almost 100% of octreotide was degraded or acylated.
Therefore, octreotide phytate would be the preferred

form to prepare stable formulations containing the

peptide.
% of intact octreotide
Time (h) NMP NMP mPEG mPEG PEGDM PEGDM
/Ac /Pa /Ac /Pa /Ac /Pa
0 100.0 100.0 100.0 100.0 100.0 100.0
0.5 85.5 100.0 100.0 100.0 100.0 100.0
1 92.4 100.0 100.0 100.0 100.0 100.0
3 80.0 99.0 100.0 100.0 100.0 100.0
5 58.0 100.0 100.0 100.0 95.0 100.0
24 15.4 100.0 100.0 100.0 100.0 100.0
72 0.8 80.4 40.2 100.0 69.9 100.0
120 0.0 81.5 64.0 100.0 32.7 100.0
168 0.0 85.0 32.5 100.0 58.8 100.0
288 0.0 81.1 53.9 100.0 24.4 100.0

Note: mPEG: Methoxy polyethyleneglycol 350; NMP: N-methyl

25 Pyrrolidinone; PEGDM: polyethylene glycohol dimethyl
ether; /Ac: Octreotide in acetate form; /Pa: Octreotide in
phytate form.



/Ac /Pa /[Ac /Pa /Ac /Pa 0 100.0 100.0 100.0 100.0

100.0 100.0 0.5 95.5 100.0 100.0 100.0 100.0 100.0 1
w@2004/01882 0 100.0 100.0 100.0 100.0 3 90.0 99.PC1/082005/028676

100.0 100.0 100.0 5 58.0 160.0 100.0 100.0 95.0 100.0

24 15.4 100.0 100.0 100.0 100.0 100.0 72 0.8 80.4 40.2

100.0 69.9 100.0 120 0.0 81.5 64.0 100.0 32.7 100.0

168 0.0 85.0 32.5 100.0 58.8 100.0 288 0.0 81.1 53.9

100.0 24.4 100.0 Note: nPEG Met
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I nj ecta Ie ornmul ati ons were prepared as shown bel ow.
15Forinjleattiabhe Tap gt bk iSalst wBragrPeavedals Isbauirnge Foif m
(my) (mg) 40% 5050DL2. 5A/ 60% NMP 50 ng/ m Phytate 20
445 40% 5050DL2. 5A/ 60% NMP 50 nmg /m_Acetate 20 455

40% 5050DLZ, SA QAL 69% NVP 50 m grarg<liad atSald4 4PFug PLGA/Sol

ion

Loading Form (mg) (mg)

40% 5050DL2.5A/60% NMP 50 mg/ml Phytate 20 445

40% 5050DL2.5A/60% NMP 50 mg/ml Acetate 20 455

40% 5050DL2.5A/60% NMP 50 mg/ml Citrate 24 455

40% 5050DL2.5A/60% PEG350 50 mg/ml Phytate 20 450

Note: mPEG: Methoxy polyethyleneglycol 350; NMP: N-methyl
Pyrrolidinone.

20 [00104] The stability of octreotide in the above

injectable formulations at room temperature was
monitored by HPLC and the results are shown in the table
below. It appears that both salt forms of octreotide
and the solvent affect the stability of octreotide. In

25 terms of the stability of octreotide, mPEG is preferred
than NMP and phytate complex form of octreotide is

preferred than acetate and citrate salt of octreotide.

Time points (h) % of intact octreotide
NMP/Ac mPEG/Ac NMP/Ca mPEG/Pa
0 100.0 100.0 100.0 100.0
1 79.8 100.0 94.9 100.0
5 43.7 100.0 57.7
24 16.1 82.2 41.5 100.0
72 0.0 68.2 24.8
168 0.0 54.5 13.5 100.0




40% 5050DL2. 5A/ 60% PEG350 50 ng/ m Phytate 20 450
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octreotide in the above inj38ctable fornul ati ons at

roomtenperature was nonitored by HPLC and the results

are shown in the table below. It appears that both

salt forns of octreotide and the solvent affect the

stability of octreotide. In terns of the stahility of

octreoti de36 nPEG is pr-& erred 3hdn NVP ahd phyt at’®0.0

conpl ex f@F4m of octrebtli de is 3F-&f erred # han acetldtle 0
5and ci Noed:e n®abt MFfthogy rsdivedeylcfeabyq@ai APE/ (WP :9fiofiethyl

i nt act Ppctaledinete /NVPRAC APEGOASINVRACaaGrRBEEE Pfagm  /Ca:

100. 0 200:<»t109. On 100t RtE 7Bry; 10820 QZLmBORHde 015 BRytate

100.0 537 24 16.1 82.2 41.5 100.0 72 0.0 68.2 24.8 )

16&@mplsq 1f 13, BnibirbaBelerse (08 9otrgopide gizpgiveogin
1050RFs 028 . 50 . 0100 . 0 5 Note: nmPEG Met hoxy

pol[0@tdHy| ene@bw,bﬂ)L @Wtiwcomhmmd@yr POCRYI HePe;

I Ac t t t_at Nl r egl.i de in

ci t%%%%ﬂ%ggn%g/ a: rgbgygggg%d% tate (09%1 Exanpl e

14 methmixypall yRehebsres cg‘lyco@hpéot(mEi%GI roigigei & $0%Rat s

1 Pol y actg,de AR

dlssolgé% Bb peks % tglpﬁﬁg F%%%%% (NNﬁ?a%gﬁ%SMQére
15net¢mngqmahybyhyiEWE¥§ﬂnﬁc@hmke@hfﬁﬁaphyiqﬁev@raaaeﬁ@te

sol ution ni. e -yl ati. wer e

15t%}eparg§r8y IS%ESEﬁ%? gcﬁég%% d&gbngﬁg%%%g?m

acefwdpension or solution was obtained. Injectable

formulations prepared are shown in the table below.
These formulations of octreotide (roughly about 100 ul)

20 were administered subcutaneously in the back of the
Sprague-Dawley male rats. The release of octreotide was
determined by implant retrieval at predefined time
intervals (30 min for group G and 24 h for groups A
through F) after administration and analysis of the

25 octreotide remaining in the implant. The stability of

octreotide during the formulation and release was also

evaluated.
Drug . Mean
ID# Formulation Content garvest Degradatio Release
Time (h) n (%)
(%) (%)
OCT/Pa in 40%
A 5050 DL2.5A/60% 4,36 24 0.00 10.82+7.10
mPEG
OCT/Ac in 40% 47.01+6.91
B 5050 DL2.5A/60% 4.16 24 20.60+1 .53 (34.47%+8.5
mPEG 1) *
OCT/Pa in 40%
+10.
¢ 5050 DL3A/60% 4.37 24 0.00 62'0%;10 9

mPEG




The m xture was thoroughly m xed until a uniform
suspensi on or solution was obtained. Injectable

w0 o006l ®s2 ons prepared are shown in the tabl e Per/vs2005/028676
These formul ati ons of octreédtide (roughly about 100
uL) O were adm ni stered subcutaneously in the back of
the Sprague-Dawl ey nmal e rats. The rel ease of
octreotide was determ ned by inplant retrieval at

predefined tinme intervals (30 min for group G and 24 h
for @ups Ant HPdugh F ) after adm nistration and

mnal yi59 0f:3RR60% oct reotd de remdini ngl? b He SEnplcanets - 006
The stabi NMPy of octreotide during the formilation and

el ex¥e Paag 08l 805@val uated. Dr n
i : 249 . " Haryes _tez.a1+s.
%egramabmmfs MMPean | ormul ati on Content 63.41£5.97

RelTvase 10%09i me (h) n (% (% OCT/Pa in 40%Z5053+5.02
PL2. SN BO¥A 586604 0. 09.49. 82+7. 2@ nPEG QOFAAS n(40%0+3. 9

47. 01+6. 935050 DL2. 5A/ 60% 4. 16 24 20. 60+1. 53 4)*

(34.Q%§V§anﬁﬁGﬁb%' oCT/Pa in 40%

G 5050 DL2.5A/60% 4.60 0.5 0.00 3.29+7.73
mPEG

5 Note: mPEG: Methoxy polyethyleneglycol 350; NMP: N-methyl
Pyrrolidinone; OCT: Octreotide; OCT/Ac: Octreotide actate;
OCT/Pa: Octreotide phytate. * Including degradation peaks

[00106] Formulations A and G are similar with a slight
10 higher drug content for G, but the animals were

harvested and implants were retrieved at different time

points. The results appear to show the gradual release

of octreotide over time. The octreotide released from
the implants was about 3.29%7.73% in group G at 0.5 hour

15 and 10.82%7.10% in group A at 24 hours post
administration. Comparing to formulation B, the
complexation of octreotide with phytic acid
significantly improved both initial release and
stability of the peptide in the formulation and release

20 processes. The results also showed that mPEG was a
preferred solvent over NMP in terms of octreotide
stability. NMP seems to be a better solvent for both
octreotide and PLGA which may promote the écylation
reaction between octreotide and PLGA or its degradation

25 products.

[00107] The results on octreotide stability in
PLGA/NMP vehicle correlate to those obtained in vitro
(refer to example 13 & 14). However, the
degradation/reaction rate seemed slower in vivo than

30 that in vitro (30% vs 85% after 24 h). This difference



5050 DL3A/ 60% 4. 37 24 0.00 62.08+10.9 nmPEG 4C0CT/ Pa in

40% D 5050 DL3A/ 60% 4.36 24 12.67+2.52 75.52+3.06 NW
WE20601Bs52 40% 5050 4.35 24 10.00 63. 41+5. 97 DLPCT/B$2069028676

NMP OCT/ Ac in 40% 28.82+5. @82 F 5050 DL2.5A/ 60% 4. 26 24

28.81+3.45 (44.12+3.9 NW 4)* OCT/Pa in 40% 6 5050

DL2. 5A/60% 4. 60 0.5 0.00 3.29+7.73 nPEG Note: nPEG

Met hoxy pol yet hyl enegl ycol 350; NI\/P N- net hyl

Pyrrolidinone; OCT: Cctreotide; . Qctreotide
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terms of octreotide
15 residual solvent may be trapped in the implant much

longer than desired. Therefore, the use of biologically
active compound in its more stable form is very
‘important to develop a beneficial formulation.

Example 15 — In Vivo Release of Octreotide in Rats

20 [00108] The injectable formulations were prepared by
dispersing octreotide phytate in Poly(DL-lactide-co-
glycolide) (PLGA) solution in mPEG350. The mixture was
thoroughly mixed until a uniform suspension was
obtained. 1Injectable formulations prepared are shown in

25 the table below. These formulations of octreotide
(roughly about 100 ul) were administered subcutaneously
in the back of the Sprague-Dawley male rats. The
release of octreotide was determined by implant
retrieval at predefined time intervals after

30 administration and analysis of the octreotide remaining
in the implant. The stability of octreotide during the

formulation and release was also evaluated.

Drug Harvest Mean Standard
ID# Formulation Content . Release Deviation
(8)  Time (h) (%) (%)

OCT/Pa in 40%
A 5050 DL2.5A/60% 3.9 24 11.1 1.7
mPEG




stability. NWMP seens to be a better solvent for both
octreotide and PLGA which may pronote the acyl ation
w0 e@eM1T8m2 bet ween octreotide and PLGA or its PCT/US2005/028676

degradation 5 products . [@0107] The results on
octreotide stability in PLGA/NVWP vehicle correlate to
those obtained in vitro (refer to exanple 13 & 14).
However, the degradation/reaction rate seened sl ower

in vivo than O that in vitro (30%vs 85%after 24 h )
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su%ifBﬁmﬁégtb‘b?sai%e%.' %H]Tegt‘ﬁ%lfee df'o[lrigﬂrjatf’ro%g%irz'7 °r

pr%ﬂﬁ{%g8§ﬁ$53§KW@BﬂéEt§y%m§.tﬁi&ﬁbd&ﬂ‘Eﬂe fheserence was
formul ati ons of octreotide (roughly about 100 uL) were

15admiati strerédtsadtly arianidiganh, t B BacessF eheendency
Spﬁﬁ%ﬂ??ﬁ@MﬁﬁXtﬂ@iE%Jfgé%e g@eOCT increases with the

decrease of polymer concentration. In addition, OCT was
stable during the formulation process and in vivo
release in these formulations.

20 Example 16 - Preparation of the complex of glycagon like
peptide, 1 (GLP-1) with phytic acid
[00110] 50 mg GLP-1 acetate (Mw 3297.7, 0.0152 mmol)

was dissolved in 5 mL water and with vigorous stirring,
1.01 mL of 1% phytic acid solution at pH 3.2 was added

25 (a molar ratio of GLP-l:phytate = 1:1). After another
30 min of stirring, the mixture was centrifuged. The
supernatant was decanted off and the precipitate was
rinsed twice with water and then freezedried. The final
product was in the form of white powder.

30 Example 17 - Preparation of the complex of glycagon like
peptide 1 (GLP-1) with inositol hexasulfate (InsS6)



rel ease of octreotide was determ ned by i npl ant

retrieval at predefined tinme intervals after 30
w@oadive162 at i on and anal ysis of the octreoti dePCT/US2005/028676

remaining in the inplant. F#he stability of octreotide

during the formul ati on and rel ease was al so eval uat ed.

Drug Mean Standard | D# Fornul ati on Cont ent .

Rel ease Deviation (% Time (h (% (% OCT/Pa in 40% A

5050 DL2.5A/60% 3.9 24 11.1 1.7 nPEGCCT/ Ac in 35% B

5090001, 5A/ 68943, OLRAL Beetotd, PMwFERS 10CY/ Pa OlA2 5090

%/ - %’é%g% 184 Qo 4120 9REG, DLOGH /foa.roh@ 48% 40,

241 .5 2.7 E OCT/ Pa 409

RG7525! 60%ohPES Qﬂt%ssl&m.lﬁoﬁlét@.l rRRG uINIEtgo X Y15 6)

ol yet negl X : : i.de: Pa:
R
(|abtﬁnﬁﬁ-eolgHYQQAftE%_aMQﬂhe50@@lmt¢iQﬁaSﬁﬂﬂﬂiAgketh$

1S miX é%éawa@okgn££f§ﬁéég%'C%hgl¥88éfﬁ59aﬁM LAs"a%anted

15

20

25

30

off and the precipitate was rinsed twice with water and
then freeze-dried. The final product was in the form of
white powder.

Example 18 - Preparation of the complex of PYY with

phytic acid
[00112] 1.0 g PYY acetate (0.247 mmol) is dissolved in

100 mIL. water and with vigorous stirring, 11.5 mL of the
phytate solution of Example 1 is added (a molar ratio of
PYY:phytate = 1:1). After another 30 min of stirring,
the precipitate is filtered and washed 4 times with
water. The final product is lyophilized.

Example 19 - Preparation of lysozyme phytate

[00113] 100 mg lysozyme (7.1 Omol) was dissolved in 40
mL water and with vigorous stirring, 3.1 UL of the
phytate solution of Example 1 was added. After another
30 min of stirring, the precipitate wgs filtered, washed
4 times with water, and lyophilized. The final product
in the form of white powder was obtained.

[00114] Similar complexes may be manufactured by
using, in place of lysozyme, eithgr naturally occurring

peptides/proteins or their synthetic analogues.



| acti de from Boehringer-1ngelheim(Bl) . [00109] The
initial release of OCT fromfornulations A and B were
wa1008/6017832 % and 14. 04. 2 % respectively,
fornmulations C, D, and E4dere 0 .42 .0 %, 1.5+2.7 %
, and 3.8+4.5 % respectively. Al though the difference
was 5 not statistically significant, there seens a
tendency that the initial rel ease of OCT increases
with the decrease of polynmer concentration. In
%addition, OCT was stable dUri’fdSt he formul ati on
progess ;@nd in vivo release in these fornulations . 0
Exanpl e 16 - Preparation of the conplex of glycagon
| i k- pept Pdermacedicd) SHAMPRSpRY PR cCHABT-I'09110] 50 m
g - agghate Lcad | LomBsusk ssahved at
i n%)Prﬁl_ wat el%&ar?gw:%i t%?ﬁgé?%%)cr%ulglg%itrq?igng, M? 01 nL o}fﬁ'_jd
1% praati crecibdsdel fonehieralbl@up wad adeedysrien rfred
16 at ko, 0f Gl aPbyt @& shekahl: Aldfingnother 308N two
of stirring, the mxture was centrifuged. The
supeegritiantl ywabageednf @b tofonaandrowes pratd pit at e was

ri ngfdapt d;&%a%&@ié@@itf% and then.freezedr kgﬂmprlgeng a

fina oduct was In e formof white powder.
ExanpbaedradabPeepapbeionwfluble pohphex- of gl ycagon

i ke peptide 1 (6LP-1) with inositol hexasulfate
(InS6)[00111] 5 0 mg GP-1 acetate (Mv 3297.7, 0.0152
15mot) wathaicheoteedut cdl idamponatéen apl wWaim i goreasn
stirring,. . o 9 i ' [

hex%%eulcgéa]iléf a}?ﬁ%gﬁs%}ﬁ%yﬁnr%g&??%h%H%L%%ia@agéeée?gt
nol awo rgttasphete GePhpsinS6 = 1:1) . After another 3 0
mn o f stirring, the mxture was centrifuged. The
supernat ant was decanted off and the precipitate was
ri n3ed tTHe @hairtnhceat ecahnmbripdoentioneef eclrimed. wikeein

in product .was i.n.the forma f ' er..
Zgaﬁ%? eéief%l"*-a‘tlf"rV Sp&r a?‘ia%aﬁh% "TReYC %%{E}t{e%%f SRSt

two sulphate groups.

4. The pharmaceutical composition of claim 1 wherein
thexhexahydroxycyclohexane is selected from the group
25 consisting of cis-inositol, epi-inositol, allo-inositol,

neo-inositol, myo-inositol, muco-inositol, scyllo-

inositol, L-(-)-chiro-inositol, and D-(+)-chiro-
inositol.
30 5. The pharmaceutical composition of claim 1 wherein

the hexahydroxycyclohexane is a derivative of myo-

inositol.

6. The pharmaceutical composition of claim 5 wherein
35 the derivative of myo-inositol has at least two

phosphate or sulfate groups.

whi | e PCDIB2005/028676



phytic acid [00112] 1.0 g PYY acetate (0.247 mml) i s
di ssolved in 100 mL water and with vigorous stirring,
waes/omss2 o f the phytate solution o f Exanpl epdI/US®05/028676
added (a nolar ratio o f P¥rphytate = 1:1). After
another 3 0 mn o f stirring, the precipitate i s
filtered and washed 4 tines with water. The fina
product i s lyophilized. Exanple 19 - Preparation of
| ysozyme phytate [00113] 100 m g Iysozyne (7.1 Dol )
Swashdi 861 (add vien of pyYATEnowtietrl adtd WRPERE9E gor ous
sthg&bggesﬁgéké) L o f the phytate solution o f Exanple
was added. After another 3 0 min o f stirring, the
preC|p|tate was filtered, washed 4 tinmes with water,

an% 'yo@ﬁé'éﬁé%haé@ﬂ%lEh@aboﬁgégk%ﬂbd BfteﬁaL@anWhéEeln

whi'te powder was obt ai ned. { Simlar conpl exes
may bl dendvaifiatt wledyb-jnest iy Jisn iprgéecd ferdmpRprse -
ei ther naturally occurring peptldes/protelns or their
synt heti c anal ogues. CLAIMS | claim 1 .

ph@rnac@@@|Ehﬂrmﬂﬂﬂwéspﬁﬂoﬁom@ﬁﬁwﬁkﬁnn@f al§ua EoRaein

of \ @ 409139 1>g, ackive compaund havipgialst easd g c

basi c tunct ona group and a pol yanion derived from
hexaliydgexycycl ohexane havi ng at | east two negatively
charged functional groups; and b ) a pharmaceutically
acceptabl e carrier conprising a biodegradabl e,
15waﬂ@r-|mBeIEMﬂnmqnﬁu¢w@al gomp et shaorncéain cal wherein

conposiLion Of im1 fgsw tﬂ%n{ﬂ%' vg os,gh§<§%51stlng

hexahy roxycyc exane has at eas
gr afpsming, . 1ﬂ1n£ mm@rmaoeunltzﬂgenanp05|t|on of claiml
wherei n the derivative of hexahydroxycycl ohexane has
at | east two sul phate groups .

11. The pharmaceutical composition of claim 1 wherein

20 the biologically active compound is selected from the
group consisting of small molecules, macromolecules,

peptides, proteins, and enzymes.
v

12. The pharmaceutical composition of claim 1 wherein

25 the biologically active compound is selected from the
group consisting of doxorubicin, doxycyclin, diltiazam,
cyclobenzaprine, bacitracin, noscapine, erythromycin,
polymyxin, vancomycin, nortriptyline, quinidine,
ergotamine, benztropine, verapamil, flunarizine,

30 imipramine, gentamycin, kanamycin, neomycin,
amoxicillin, amikacin, arbekacin, bambermycins,
butirosin, dibekacin, dihydrostreptomycin, fortimicin,
isepamicin, micronimicin, netilmicin, paromycin,
ribostamycin, rapamycin, sisomicin, streptomycin and

35 tobramycin, amikacin, neomycin, streptomycin and

tobramycin, pyrimethamine, naltrexone, lidocaine,



4 . The pharnmaceutical conposition of claim1 wherein
t he hexahydr oxycycl ohexane is selected fromthe group
w@omvsiosssng of cis-inositol, epi-inositol, PCT/US2005/028676
all o-inositol, neo-inositoKy nmyo-inositol,
muco-inositol, scylloinositol, L- (-) -chiro-inositol,
and D-(+)-chiroinositol . 5 . The pharmaceutica
conposition of claim1l1 wherein the
hexah{droxycyclohexane is a derivative of 0. i nositol
S, @ri TﬁélbﬁaﬂW§€éﬁFﬁé§P'cBHﬁ%ﬁﬁQQ%ﬂ?'oFeEFg¥ﬁ+%ﬁ'
whergiiRathenderd uatdoie , ofa Bypréswisi,t @larBascattl edstopic
two phosphate or sul fate groups .the derivative of
ny AL9AeERt GRCTR) 4 rﬂfsﬂidteéma&eaa%% pifater. (BGF) prplatelet-

phayraGeHt el oFRasi-d i(@Bcef , chalmb iwhengt8ihheing
derivative of nyo-inositol is inositol hexasul phate .
9 hormenghalweebtidiewl heswpasi ¥R TR harRP1e wheiiin
10t hehirobggheatly aatd \é‘?it%EBHQQE‘Q, haswdh heasbnoge
basi ¢ nitrogen. 10. The pharmaceutical conposition of
cl aiimcd udfing ehwmathe degsiiaeni frdgetvinge)sePEerEl PeErRTe

tr“%é¥€%§9n§09§é€?£;Klﬂyhléﬁln@ry%ﬂ&éﬁ%ﬂ@ﬂinfR@chuding all
nitrogen. 11. The pharnmaceutical conposition of claim
1 wharteiinst ethi onogiteacigtast #vel Conpousarrsoskretted
fr Jé%%ogtoyﬁtgfigﬂﬁyﬂ,ngnggrﬁgféﬂ—!HﬂﬁﬂQQLe§nterferon—
nmacr onol"ecul es, peptides, proteins, and enzynes. 12.
15The Istiar.naéeter Eatorcomeasit i ofia ot L tlaitAtragher &1 t he
bi alaglcally; At L ue, LamaundsL sxsel ectad fikomhhe
group c nsi'stihg o oxorubi ci n, doxycyclin,
di ldnkephml ioyc| ebémzapmisne anbaetersiin, thoseapphrel
o1 YEVQIUG Ny o ROLYIV Mgy Y AAGBAVEL B0 1Y LeLIRLY! i),
qui ni"di-ne, “er got am ne, bénztropi ne, verapam I,
f | wrarathiymeid hormone (PTH), nerve growth factor (NGF),

20 granulocyte-colony stimulating factor (G-CSF),
granulocyte macrophage-colony stimulating factor (GM-
CSF), macrophage-colony stimulating factor (M-CSF),
heparinase, vascular endothelial growth factor (VEG-F),
bone morphogenic protein (BMP), hANP, glucagon-like

25 ©peptide (GLP-1), exenatide, peptide YY (PYY), renin,
bradykinin, bacitracins, polymyxins, colistins,
tyrocidine, gramicidins, cyclosporins (which includes
synthetic analogues and pharmacologically active
fragments thereof), enzymes, cytokines, antibodies,

30 vaccines, antibiotics, antibodies, glycoproteins,
follicle stimulating hormone, kyotorphin, taftsin,
thymopoietin, thymosin, thymostimulin, thymic humoral
factor, serum thymic factor, colony stimulating factors,
motilin, bombesin, dinorphin, neurotensin, cerulein,

35 urokinase, kallikrein, substance P analogues and

antagonists, angiotensin II, blood coagulation factor



I m pram ne, gentamycin, kananycin, neonycin,

anoxi cillin, am kacin, arbekacin, banbernycins,
whewsoossn, di bekaci n, di hydrostreptomycin, forPCT/DB051028676

isepamcin, mcronimcin, Aeétilmcin, paronycin,

ri bostanycin, rapanycin, sisomcin, streptomycin and

t obranmyci n, am kacin, neonycin, streptonycin and

t obramycin, pyrimethanm ne, naltrexone

| i docai ne, ?rllocalne nmepi vacai ne, bupivacai ne,

5t etWdc afe IXr obY Y @lSne IT8RYEOLHIES v IEJHFESEF R,

adfseﬂ%%tthﬁ@tﬁ&ﬁh&léﬂortmaelaﬁi%hhone eplldasiml gsawdte,
factor | at el etderived growth factor (PDGF) |,

pr &}a/élollﬁl ?Ei'ﬂl%f 3 SN G HBPRBN LRI FV2 g hor mone
r el&%ﬁ'e@%sh@k[@ﬂ? (I'HTBFD piabé&h@%ﬁtﬁig%n,l—hﬁlﬁhn

ant agoni Sts, growt h hornones (i ncluding human,
POrEare OnARAIBRRA NI ORN g ORE AT HER N Nest €ast hgulating

1of acg;ecﬂft’ld' ns%}!&lb\@rl@rﬂﬂrbciﬁi%hﬁt b@;tﬁ(id'@l UdisRg cakbe

proteins w erythropoietic ac IVIE% , somatostatin,
gl uedgerinpAt BEPEetAG n PliatedPF efoRlVehIgateyth, factor, and

i ntarfielen: k8t dyued MRl HBHOR: ca@BdM PR .and gastrin,
tetragastrin, pentagastrin, urogastrone, secretin,

cal hiamowicn Loghkebhit 3 Hslvee Ada s S , LhaFfiodt-ensi ns,

thyrotropin rel easing hornone (TRH) , tunor necrosis

factor (TNF) , parathyroid hornone (PT , herve .
1igroN&I1 f Zbeophe NERyeutigiadngBe s £t 91 c3eiRullat VRgreln

EIQ% b(g’l P:allg lx%c3é%ﬁpgﬁﬁ&op§m§bqe%legn¥rom the

stlnu atlng acto , macr ophage- col ony
st i gt iqegsfatiog c(ﬁ\/rc@s@)rublheparmmcmas@all’arexoner

d I F h
or ot rate AN, B | i S el BT ¢
ex eaatdateri spept pdewtty Hdwgnesy ear o tibrixdylong ﬁeleaSlng
doacftcgt%m ng ct@gl ﬁ%ﬂ nlshteq: V\EBBI Qf}%h%y %G\:'equ%.econ beta,

gram ci i'ns, os 'ori ns Ich des synthetic
anaimmﬁnfer@mdgpmmanam&ﬂquamahbypac@th&xduda@wgmpge (PTH),

theéfl?éa?gdn—?.rj]. peptl e Jﬁlﬁ-’ea aBé]!ﬁp &g%ﬁ{‘ (PYY), and
synthetic analogues and modifications and
pharmacologically-active fragments thereof.

25
14. The pharmaceutical composition of claim 1 wherein

the biologically active compound is doxorubicin.

15. The pharmaceutical composition of claim 1 wherein
30 the biologically active compound 1is glycagon 1like
peptide 1 (GLP-1) and its analogues.

16. The pharmaceutical composition of claim 1 wherein
the biologically active compound is Octreotide.

35

17. The pharmaceutical composition of claim 1 wherein



vacci nes, antibiotics, antibodies, glycoproteins,
follicle stinmulating hornone, kyotorphin, taftsin,
W booaoprsset i n, thynosin, thynostinulin, thym cP@/DB208$/028676
factor, serumthym c factor7 colony stinmulating
factors, notilin, bonbesin, dinorphin, neurotensin,
cerul ei n, urokinase, kallikrein, substance P anal ogues
and antagoni sts, angiotensin Il, blood coagul ation
factorVIl and I X, |ysozyne, granlcldlnes nelanoc te
Xt i he ém%@gﬁeﬁ%hew%m GOHPRBRADRE RAIEAS g
hor none, thyroid stinulating hornone, pancreozym n,
chol ecyst oki ni n, human pl acental |acto human
chot§ oniTheg GhaabeFophiGRL Wﬁ@éﬁﬁté?/%t%‘gsﬁl@lﬂ it aF ey
pepﬁl‘léj%lo%@%‘féhgbl@h'ﬁﬂéyﬁn@%@ﬁbgg YRARACIVEelected
intestinal peptide, platelet derlvedpgromﬁh factor,
andf sgrhtihet o& onRaFerviest iaed ofpBPLY Eatt s and
1PhagsBeal.ghcably- a6y Q/l%étrl@lgn@et§1§@ﬁl%g 13. The

phar maceuti cal conposition of claim1l wherein the
bi abogiwddo}agepnee, compslivdansnsel e BFFrbemetRe

X P
R A R T ]
agom¢%maﬁhmdﬂmﬂeantngwﬁmﬁdﬁsrgpeﬁwhstﬁﬁﬁﬁwﬂ§§ growt h
hor ng ct
. %?‘ﬁ}on 2 %h pé%f%riﬁﬂ%, %%begﬁhocarbonates,

i nt eron-beta, 1 nterferon-gamm,
1zal mlmhmiphpaeaehyrmwmﬁgaéw&&eﬁ FalcadsnlEnke
pep R-1 (P , etl
ana%%%%%%ﬁ%%d k%é???%éé%%ﬁggsén cé%%h§ﬁ@¥é@ bibek
phacopeghegisc ablgnakbed veodalageent steheelaafersl 4ndThe

phar maceut.i.cal Lt f.GLagikm 1 wherein the
blofoglca Jﬁﬁbcggggﬁiﬁﬁ%%%hgheg ggxorub|0|n 15. The
pharnaceutlcal conposition of claim1 wherein the
IIyactlve Q u [ g I pept
Lt e e e R O Ll
COHD@@ItpharmabeutaCﬂiﬂyVWHHU@@Mable carrier comprises an

environment responsive polymer or gel.

20. The pharmaceutical composition of claim 19 wherein

25 the environment responsive polymer or gel is
thermosensitive, pH sensitive, or electrically
sensitive.

21. The pharmaceutical composition of claim 1 in the
30 form selected from the group consisting of injectable
solutions or suspensions, particles, films, pellets,
cylinders, discs, microcapsules, microspheres,
nanospheres, microparticles, wafers, micelles, and
liposomes.
35

22. A method of treating warm-blooded animals with a



the biologically active conpound is Cctreotide. 17.
The pharnmaceutical conposition of claim1l whereinthe
wheobogissal |y active conpound is peptide YY (PY)/usS2008028676
The pharmaceuti cal conposi #8on of claim1 wherein the
bi odegradabl e, water insoluble polyner is selected
fromthe group consisting of polylactides,
pol ygl ycol i des, poly (lactide-co-glycolide) s ,
pol ycapr ol act ones, pol ydi oxanones, pol{carbonates
Spolappasakidut Seatids, Spergarkyl eratdedilafegslease of
po'ﬂﬁ%ﬁ'&)ﬁ%ﬁéﬂfﬁa@&@@@o ?%un@ochY@lStaerp%rf'l@@Sof time, by
pol yur et hanes acet a ort hocar bonat es,
polaﬂm@sphazmsa Eﬁ@‘lrm\‘f‘éld*ék‘y@hl Eosd t1ps| 99%9}%
succi nates, ; pQlyanthoest ers, ,agd, liY TR 8¢i bk 0Compound
copol yners, branched copol yners, terpolyners and
cofsiviagi opt aheant xtalres Haiéreofunggionde group and a
1oph%kﬂ%%%HEbgaFFCRQP &f‘%?C?ElSh@&Qﬁé‘ﬂ!Vﬁﬂa i h&ast two
harmaceutically acc Ye¥carryer conprises an
envmﬂ@mHEﬁtyr@B@xﬂﬁﬁ\ﬁynp@hyn@l orowsl;. a2d. The
pharnac% t% §£a£§§%éﬁ%féé&ﬁ ogcgé ]%Qcﬂﬂgﬁgknc5$5%lslng
envi ron esponsi ve po yner 0
t her nosergirbdelele pHradensiinseéybbe Rﬂhymﬂﬂ .cally
Seny 1l ¥Re- médnod N RhalAReS %h&@é UROPEADCOE s ca)
claiml ?orm sel‘ect é ron1t e group consisting
150f admpesuabbe $9| adriionistereduspersd brsinipasticat bey,
afen%%&ggtadml ll nd %h,dﬁﬁgésafn(aﬁ1%§@%95?§on;
rospheres nanos 16res, 'm Cropartlcles, wafers,
rn(nﬂﬂﬂhalmandaﬁmpmmﬂnnailon22suECWMﬁdﬂnhsﬁ Mnteaarhgcular
%od%d an ”H'fh‘@c qogcol oS thglfg; Ehg
suéPéﬁﬁe&a 38%? of 1 € Terease o i Gl FYPAEH ve
comuind saverianperi od of tine, by adn1n|ster|ng a
(Pharnaceutical conmposition conprising: a ) a conplex
of a biologically active conpound
24. A process for preparing a composition characterized

by sustained, controlled release of biologically active
compound (s), comprising: a) separately dissolving a
biologically active compound having at least one basic

25 functional group, and a derivative of
hexahydroxycyclohexane having at least two negatively
charged functional groups; and b) mixing the dissolved
biologically active compound and derivative of
hexahydroxycyclohexane to produce a complex.

30
25. The process of claim 24 further comprising the
step of dispersing the complex into a pharmaceutically
acceptable carrier comprising a biodegradable, water-
insoluble polymer.

35

26. The process of claim 25, wherein the complex is



having at | east one basic functional group and a

derivative of hexahydroxycycl ohexane havi ng at | east
wo aweergat i vel y charged functional groups; andP@I/USE05/028676

pharmaceutically acceptablg9carrier conprising a

bi odegr adabl e, water-insol ubl e polynmer. 23. The net hod

of claim 22 wherein the pharnmaceutical conposition is

adm ni stered by oral adm nistration, parenteral

adm ni stration; nucosal adm nistration; ophthalmc

Sadmipsinsgri dntosube tareges tipek haradqantaPler carrier

| ntranyscyli gt n LNl @14 O sioRhah alh Oy g i d QRIGBht, or

adm™i stration™. 24. A process for preparing a

compolsiitiidon characteri zed by sustained, controlled

rel ease of biologically active conpound(s),

conprising: a ) separately dissolving a biologically

active conpound having at |east one basic functiona

group, and a derivative of hexahydroxycycl ohexane

having at | east two negatively charged functiona

groups; and b ) mxing the dissolved biologically

active conpound and derivative of

hexahydr oxycycl ohexane to produce a conpl ex. 25. The

process of claim24 further conprising the step of

di spersing the conplex into a pharnaceutically

acceptabl e carrier conprising a biodegradabl e,

wat er i nsol ubl e pol yner. 26. The process of claim 25,

wherein the conplex isdispersed into the

phar maceutically acceptable carrier by dry-m xing,

di ssolution in an organic solvent, or nelting .



