5 PHARMACEUTI CAL COMPQOSI TI ONS FOR CONTROLLED RELEASE
DELI VERY OF BI OLOG CALLY ACTI VE COMPOUNDS [ 0001] This
application clains priority fromU. S. Provisiona

Pat ent Application Serial Nunber 60/600,907 10 which
was filed on August 12, 2004. 1. Field of the

I nvention [0002] This invention relates to the field
of controlled release delivery of biologically active
15 conpounds and to conpositions and met hods usef ul
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ZOpohﬁgﬁgihdgngLuglégaéﬁggigglkggéég’over a period of time
is an ongoing challenge. The controlled release delivery
of biologically active compounds can improve the
bicavaillability by ?rotecting them against degradation
in vivo and concomitantly replace multiple injections or

25 continuous infusions which are necessary due to the
short half-1life of these biologically active compounds.
Reduced frequency for adminisfration could improve
patient compliance. Biodegradable polymers have been
used for more than three decades as drug carriexrs 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 delivefy carriers for biologically
active compounds is that they do not reguire 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 weight distribution. Theoretically,
these properties can be designed or tailored to
devel op drug 10 delivery systens in a controlled

rel ease manner and desired duration of treatnent.
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(i nclruding primary, secondary, and ,
chloride, citrate, maleate,” phosphate, sucecinate,
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, e.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
systens usi ng bi odegradabl e pol yners. The conpounds
may 10 alter (or catalyze) Bhe hydrol ysis process of
the polyner carrier in an uncontrolled manner and/ or
react wth the polynmers or their degradation products
to form undesired am de drug derivatives. The

formati on of these derivatives not only decreases the
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solvent, etc.; 2) during storage and 3) during the
process of biodegradation and the release of
bioclogically active compounds in vivo.

25  [0005] 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 biclegically

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
degradation of polynmer matrix containing sinple drug
10 salts, e.g., epirubicin HCl, was found to hasten
the degradation of the polyners and subsequently
affect the release behavior fromthese particles
[ Bi rnbaum DT, Brannon-Peppas L. Ml ecul ar wei ght
di stri bution changes during degradation and rel ease
50f p%ll@%elaanmaasﬁdtciee:s stBdgpntle rawglepekebi degrad@ition
Bi omat er Sci ym Ed.. 2003 14(1 al
r efor F8 EY]P%S d?%d’srganéﬁt Ry "‘lgraes)act Z>\?geﬂgélrjn nEBFP Fﬁ}
t hetiangahhSoRN Lirehdrait Rt r Bharmets dédgdadati on nedi a

| 't h d dat i f b'
i Se SR ALY joeoisSallon of T adegrala S
Resiegk984t Jo; d (R)LyRe - ﬁitrfkﬂdbnﬂmhnhhg BEmpleohﬂand

catalyzed degradati on are ndesir for,th
1ocor’-ﬁtar%ﬁlrea Yel é‘é%‘é”ﬁ’éFFQe‘f‘? fwa%l%uél Eglﬁ’ﬁ% i

conpeundsc{on & PRl eBYeslets NEnd Qﬁiﬂs@@kueﬁﬁl{( OQBﬁE]CaNtene
bi odégr adabl e pol yners such as yI a%t -
poltpdiepes| Pehaieiar fﬁerﬂyﬁi}a?%x%/ﬁlf &Fﬂ §u o1,
polRnthRa-eshss$ . 1. PRy acal &k swaighd Iaﬂslurkeuamn atsatyes
as drug delivery systens, the blrfbfdﬁ%l dation o

poldpaFeng é@%#ﬂaa*sl%’oﬁ;?ﬁaeﬂ%}@% 88??8%1"%10‘”3%3

159! Wtbgﬁlﬁgreﬁﬂm&h Feads st @i v et akel andEd.
gener ati on_of uequs _channel s or pores %@om whi ch

bi AMgicd4I(Ey: %ET A7 -cBRPBURESA L AP HoEER A0S (FFHi  f use

OUtobnith s HhRY RECAUTR MBEEHe S OADlhe il saddibt innthd him
accumrul ati on of polymer degradati on products | owers pH
35 Wit ﬁqtlﬁ@ufdéger%@ﬁﬁ §1poI Heete FEtS E88°GhECT o pH

Va'dé%?aﬁgﬂ\@ﬁfbfl 13 AR rdadbhavies 0ees st eoenb| Yy epardwedy
DH, Youn YS, Lee SD, Son_MO, Kim
20PP L L dlrdR@mamRi 4 GG 85 peptHe By ToHop g adote
deQﬁﬁ@h@greactlon and catalyzed degradation are
undesirable for the controlled release delivery of
biologically active compounds for a prolonged time
pericd.

25 [0006] When biodegraﬁable polymers such as
polylactic acid, polyglycolic acid, polyvhydroxybutyric
acid, polyortho-esters, polyacetals and the like are
used as drug delivery systems, the biodegradation 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 (ox 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
OCct  30;92(3):291-9; and references cited therein).
The 10 acidic mcroenvironment inside the polymner
matrices can induce several undesired chem cal
degradation reactions, especially for the

bi ol ogi cally active conpounds containing reactive
am ne groups, such as peptides and proteins.

15
5[ 000% Débr &osra¥l dseaniSPh Fespder Kan tHe iAgdiaBi £t ybee

10

i5

or acgiionlinteraet| : ' j Al el M8 radin
cotSoanasttek B e LR G FLOLPELCR Ak 08l Wifrading
antPhad wiivgospkéeasd) waphélpry orledirapipaelséenan
revyened o {ngss Zlbaé&&% uee,  (SCAYendeman 18R se. RegeMtoct
advances ‘i n e stabilization of proteins

encapd (@) ed@ il nd i njaect asiferePeGA detdd dihpreyst enkhe

Crit .Rev Ther DIx rLi et . : 1) :73-98:

S ARk, MTreRan ot s i BT ha €210 can
pr dtreiveedekirgeal . undksGoetr cheRet®hsieorag@@doguregqtions,
90(3):261-80] i.ch.are all_inco rat rein

by SEFEIEHE FPho0E astetirahly A Hrpéinde
aceidraadeidyg reiditive acide peowwosc sawihd asspepthies and
acid, tartaric acid, heparin, ascorbic acid and their
nomi%d%i®Ssal ts, have been described in the prior art
andoosAd i n MeFé Qe ecOnttRl teshdd @@asehe instability
bi odegr adabl e systens as pgl%nei degr.adat i on a
entfih cers tppEa iRt ORp BFi RhP T - CANY3 ALY 888 (RER S
14,add g:%slig&eﬁ)dmmo@ahmtioﬁ, 6ArkBe) 664l nnmvidg

l'i nes ). Thus, such acjd additives ,are not
exgedradet onstabiRiAF AFE Porgnerd Te¥ESI6609; VAR ous
ot har: 3pRNeas heschaMeidaaen spi pVRstégatetaheeac hi evles
successful controlled release 6 5

del j very of
20b; of i iddrRyiaRt PY P RGRIGEN GRCEBRT H %41‘&%[ dRderable

25

baspi:0/RUBFe r oMM EIms .deSRET Ret I BIpERNdDUSy Carrier Syst.
2002:19(1):73-98; Sinha VR, Trehan A., Biocdegradable
microspheres for protein delivery..J Control Release.
2003 Jul 31;90(3):261-80], which are all incorporated
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
WO93/17668 (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 contreolled release



research efforts, there are only a few products for
controll ed rel ease delivery of biologically active
conmpounds comercially available so far [see e.g., US
10 Pat. Nos. 4,728,721 (Leuprolide, Lupron Depot);
4,938, 763 (Leuprolide, Eligard); 5,225,205
(Triptorelin Panpate, Trelstar); 4,767,628 (Goserelin
Acetate, Zoladex); 5,538,739 (Cctreotide, SANDOSTATI N
LAR); 5,654,010 (reconbi nant hurman growt h hor npne,
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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 forx
controlied release delivery of biologically active
25 compounds to a subject éomprising:
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 polymear,
[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 10
controlled rel ease delivery of biologically active
conmpounds to a subject conprising: a) a conplex of a
bi ol ogically active conmpound having at | east one basic
functional group and a pol yanion derived from
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[0013] Tt is surprisingly found that the polyanions
of the invention may redgce or prevent the
interaction/reaction between biologically active
compounds containing basic groups and polymers oxr 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
in the solvents used to prepare the dosage form. These
properties can not only stabilize the bioclogically
active compound and slow the degradation of polymer
during the formulation process, but also during release
by reducing or preventing the interaction/reaction
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 tine, e.g.,
from10 weeks to nonths to benefit the subject. [0014]
It is therefore an object ofgthis invention to
provi de a pharmaceutical conposition for controlled

rel ease delivery of biologically active conpounds to a
subj ect conprising: a) a conplex of a biologically 15
active conpound having at | east one basic functiona
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[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 deli?ery 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
formul ati on 10 and storage, but also during the
degradation of polynmer andedrug release in vivo.

[0020] It is a further object of the present

invention to provide a pharnmaceutically acceptable
carrier conprising biodegradabl e water insoluble 15
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10 s & §rerase obeta 5P éﬁglﬁﬁe‘é}é%t C%a?%&sh gnfl?lloymer
pr e ragphar dese Uid Gakloy acceptable conposition for
use in negical applications, such as drug delivery,
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pharnaceutlcally accept abl 30 conposition_suitable

f orcagialeroFopRE EHIE! é’lloﬁléﬁrﬁﬁi%l?%%t"fa&% ipgedeste
ISad ly?niégrgt hQ@lng? Qﬂtgﬂ)%lr@ee t R8P M AWM ogically

aneous raarticular, or intramuscular
|nJ&ﬂﬁiN@nCoﬁﬁﬁﬁwﬂéRQ%Mﬁméﬁ§ By Faval tdtdto s XD 1RAES t opi cal
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present "invention will becone apparent after
redﬂﬁ)zmg the 10t & faolﬂuatwhﬁg deiedt exf ddscpirpeenh of
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20 comp051tlon 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 cbject 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 furthér 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
10 conpositions for the controlled rel ease delivery of
bi ol ogi cal |y active conpounds to a subject conprising:
a) a conplex of a biologicalgy active conpound havi ng
at | east one basic functional group and a pol yani on
derived from hexahydroxycycl ohexane havi ng at | east
two 15 negatively charged functional groups; and b) a
pharmaceutically acceptable carrier conprising a
5bi qtagoadapl eetablet dessalipbien pof ywier diggdosedhods of
nakl and using such conpositions. The conpositions
glpﬁvgﬁtlon can be prepared in any conventiona
20 pharmaceutical adm nistration forns by the method

composi {1 ons DBEM b WG ERE PP e 108 Ry Bigch®

SUSHEIHT TRBSpr &t SPE iSRS i on el StNTo Phaphaceet DSl S,
creanms, sem solids, pastes, gggsules tablets, solid

10} mstoaresitopne %%&5&6( coPEEol ba TRl 2 dFaAPAg BRI B0k he

ph%.%%g%émf SORRS ibin@Ben@t tdhey Jubventi esmpard iide
low iniftial burst and stable controlled rel ease of

bi &)o@ €8MPYeARRT o RIGAPEHRRLLY ACHARPo COPPOERG Mutihg at

Cont,AHOHS. d@ééi’@fﬁﬁn@u@nabl (%4:&955 Gald % @anyaﬁl@@m%d
to a subject for prolonged 30 periods qQf tineg,

e g.
frcﬁﬁodla‘;@XFJGYWﬁWCl[O@@EBPe ThRV NG A 18eSt E¥e and’

'0 £i L en i ddy :banknberpreted as
15 %%98F§§ey %yax'ggnceas? oﬁgﬁjz?bOZ?] Tﬁe term

"bm@ﬁa@ﬁeautyC%&ﬁﬂ\ﬂ?q@@ﬁﬁbhﬁdca#¥%¢§5Cﬁ@ﬁﬁﬁs%%gl%clude
any ;TRLerLals & \Cfga%rdllﬁ%@émg SndiRe, bherapemds of

propertres iInc ng, but not li'mted to, 11 5 snal
noimedihgs andraes Brn el 6STPRRBE alEs, TheoFemAgsipions of

enzyIes nNops Li idd ne ?;ééfmkgé af dherapeshifonal

properties are antinetabolic, antifungal,
20antheirnfbanhhtor yadniadeitraberl SO%H Hvntbet Fetied known

ant'b%ﬂ%'g§t.r&gﬂify%itlng 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 pﬁarmaceutical 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. 10 [0028] More
specifically, the biologically active conpounds of
the invention may be any conpounds capable of form ng
a conplex with a polyanion derived from
hexahydr ocycl ohexane, in particular a conpound
containing an el ectron donor base group such as a
basic 15 nitrogen atom e.g. an anmine, imne or ring
nitrogen. The biologically active conpounds
Sprem@ﬂébmylecwﬁ%ﬂd1mﬂm§0m9ie%%#%ﬁmnﬁﬁﬁ§é&eﬁroPB?Eﬁ%ﬂﬂfeOr

plgp,inggct pals, rﬁllt% eEQﬁ%i&#'ﬁ'%e& Leber abl ¥réperties

groy| ogi cal Iy active
comp@uadslmstﬁbmlmqn ﬁhéléu@m%#éuanﬁi“ZﬁféﬁmmﬁéogfabIe

Conp&l%ugf Lpe A&W%ﬂ&%%Eﬁng gﬁﬁnig%kléée nf0tiddm ted

oxOr ubi ¢i n OXycycC
cyeb@heazapam@eﬁﬁhqmmuBaCPnmeUS@aplne erythrony0|n

poI in, vanconycin, _nor |pt i ne, .qui Ni

10 eré%d%ﬁ‘i ne, DEZ r%’ﬁcr’rglc?lg%pa 9§ PG ar?gli actyye
I MJpBlAes @BFEHHHMNm&ntKaﬂaﬂy@[UE amgonpmpnunds capable
anmoxi cillin, am kaci n, argeka0|n an rom
butitr SSFMINYi B eKAH h d?d%yﬁgﬂFﬁﬁy PATVFOr %IﬁlCln

lS%@&Ehgdﬁocﬁ&pdﬂandﬂeclln pettddileima pampﬁyndn
ri bost amycin, rapa cin, ;sisomicin, streptonycin

30 COFBRARYRYE A0 £ 9EEEPR, AR % 9EPHBr B CTh aa% fic

15t ORI RPYEER, a POt @tmaahnamuﬁw tingxener kidgcalinegen.
pri | ocal ne, nmep i vacal ne, %\_Bll?vac i ne, tet cal n

roBﬁﬁaEéPﬁ%glﬁﬁ&&%xﬁQFlv€a§ preferaﬂfy L% ain one

ad fo%n%%t éﬁ@éé&pl};ﬁcd&@haeamé AGTe. f&ﬂbﬁ&bﬂﬂlltgie&wt h
factor platel et- 35 derived

(PB@FFlCB¥%¥%%tR§?fqrﬁPéVn?SP}Efa ﬁ%@ SuF t%¥%|2|ng

ho@%@%gi@éfﬁ?'i@:lhﬂér eRpothdiRseflid. ib thRFbmmm,n
LHRH antagoni sts, growth _hornones (i.ncl udi M. _.e
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pr%&%&2§e§2££}f§3?tﬂ!@?@kgéiﬁ,Eﬁgéégﬁiﬁe, er?@h§§%§gfﬂl
polymyxin, vancomycin, nortriptyline, guinidine,
ergotamine, benztropine, verapamil, flunarizine,

25 imipramine, gentamycin, kanamycin, neomycin,
amoxicillin, amikacin, arbekacin, bambermycins,
butiresin, 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),



gl ucagon, interleukin, interferon-.alpha., interferon
10 .beta., interferon-.gamm., gastrin, tetragastrin,
pentagastrin, urogastrone, secretin, calcitonin,
enkephal i ns, endor phins, angi otensins, thyrotropin
rel easi ng hornone (TRH), tunor necrosis factor (TNF),
par at hyroi d hornone (PTH), nerve growth factor (NGF),
15 granul ocyte-col ony stinulating factor (G CSF),
granul ocyte macrophage-col ony stinulating factor (Gw

SCSHHRHragrophbge- BiRtomptagPrus bt i rir Tt GOTTNRESF)

15
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hor npne otorphin, .taftsin th i [ si n,
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faQidlreas@ﬁbOlﬁ]@‘rlﬁcBme‘md'I&dHl ngttmact Cr[@qrosm‘t |fla|cnpr (TNF),
bonbesi di nor n tensin, cer n
ur cﬂﬁrﬁ‘ﬁg‘é’ rogd }11‘? Oéf%r}%gbgmﬁ?l?é an% oéfﬁ’é:g'ggn&NGF)’
antga,;@,@ﬁhilat:@-teadﬂ@icﬂ‘t}eI’ﬁ:ilﬂlull.htllbc_h ofxt-tooag@E-asiEpn f act or
VIl and_I X | ys ci di nes l.ano _
st ITRFELPRGER TP ”%atg%yfg}ta %o?mlnr%elngaéxﬁgor (G
goroﬁgnle mabh&{l@adjb—sddh}lmlyabtmmiﬁ(m eLacamc r(Hefzslm n,
5 chol ecystokinin uma a a tqge
ohQHREHAEA 8B A T BT ﬁﬂgs%? i e RE8Lpr T iy
13 bo’ilepedakpﬂegelgast;mo&elmhl(BMP of mma;pt igdecagasontks ve

LSS TP (o L RtSLEL deriued g qu ector,

25

30

35

ph&&E@QQhﬁghPa$édkﬁﬁﬁdim% f pagpent 4 hercddktins,
tyrocidine, gramicidins, cyclosporins (which includes
synthetic analogues and pharmacologically active
fragments thereof), enzymes, cytokines, antibodies,
vaccines, antibiotics, antibodies, glycoproteins,
follicle stimulating hoxmone, kyotocrphin, taftsin,
thymopoietin, thymosin, thymostimulin, thymic humoral
factor, serum thymic factoxr, colony stimulating factors,
motilin, bombesin, dinorphin, neurotensin, cerulein,
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,
cholecystokinin, human placental lactogen, human

chorionic gonadotrophin, protein synthesis stimulating



[0029] The term "pol yanion", as defined herein, is 10
meant to include any nol ecul es containing at | east two
or nore negatively charged functional groups.

Pol yani ons of the inventiom are derived from

hexahydr oxycycl ohexane by esterifying wth phosphate
or sul fate groups capable of form ng stable conpl exes
with the biologically active 15 conpounds.

Myo-inositol is one of nine known cis-trans _isoners
Sof pegxalydr oxyyicd dméianscra Berbkdsfon VRisSRgCtsvRuct ure

found in.ab e, 1 n_pl agﬂgji |7, Sy vt FOEa ot d
exﬁﬁ%e FlP%ggﬁg‘%ﬁl%eéxé’gﬁgg%%%t e Iﬂ{}%g%] pﬁyti cagc?le’) a}ns
a sathealcdasdbrgudsngnddireadi £ et icowstindut es 0. 4- 6. 4%
20 (w of nbst..cereal, LIBS, t @il seeds and
sof&@gﬁ%cﬂgo%&%aalnld’i r?é:%ﬁggykgg evi e%éa%ier?di cates that
mange2d)f notTied | sedmmmpalliyanioet | sacohkifdnedi hesétm] is
pol yphosphates. with 5 or _nor hosphat e _arqup r
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it RSBy ASSASIvdlY e@ubali Pgna: Matdletgyoobsi npol yamitons
cellular functions. |InP6, ha 1@| s0 .been %ihovvn t
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furkdt TR ABVERCLOh TS FGARTE Dy s THE Ry CaPyEFE Rt chexane
caty0Rs +aue By Ay GEPIEHhodpHaté Ofly AllALeRt gegubhecapable
generation o¥ reacti ve oxygen slgeri%g%r gsgons'%gl e ftolrve
celdf ERFBiDY afePRly GOHBYEHES ¢Lti80- CofH&F 2 exarpl es

150f dR@sihal . PefyaHn doichydene bett ninet knbiht edls torans
| ower “i nositol phosphates, (i.e., inoito}D .
perits@prasphat @e%3 FYCYELPREFHESpIFate “2FPRBsT T
t rijghospiat erohAPSid Qlbudiphes phatg)ant@ndndt beimals. For
pol yphosphoryl at ed organi c conpounds, i %?}si t ol

35 .
hexceiodRat £1¢3 HIE) REV@PPERBRAFHOSIRY SMFFAred ™ The® @
pol yani,0RsS4¢aPa PE BidMRN ehl agd dedisiitusalst 0f 0 684% 14
5 [0030] The polyanions of at |east two .Qr nore

2negat/melPy BABF gERF FrGups SFESBs gt U 1Y pPEFEF &S in
pa!@éi WLar , ah h@xﬁﬂgﬁﬂﬂg‘ﬂboﬁﬁxaﬁh@ﬁmﬁ& (haPGatphythat
acid), and inositol hexasul phate (InS6)., . .
many, if not all, mammalian cells contain incsitol
polyphosphates with 5 or more phosphate groups. For
example, InP6 is found in most mammalian cells, where it
25 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
ahd iron, preventing the generation of reactive oxygen
species responsible for cell injury and carcinogenesis.
30 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, inositel
35 hexasulphate (InS6) and lower inositol sulfates. The

polyanions can be either in acid or in salt forms.



[0031] The term™ stable conplex" is nmeant to refer
10 to a physically and chem cally stable conpl ex that
forms upon appropriate conbining of a biologically
active conpound and pol yanidon under conditions such
that a stable conplex is forned, e.g., aqueous
solutions of the biologically active conpound and

pol yani on are m xed 15 until the conplex forns. The
conplex may be in the form of a solid (e.g., a paste,
5gr 00A0¢s, a ’ﬁwmly@mianm 9B pili | 19584t ) CoPTtHer e

powder ed 0 e \Y; nel
noTaR L8 be HassendeoaPy i pr Ly Br LR et Car
pO|py&I1‘Eﬂ.Cﬂhail‘,l erts 1ﬂm|sstod;nbdalea<phzc$nl’5amecé[[h§5t aﬂk@stlt%e
reC| I.tate upon conbi ni ng

aqﬁgéag p? Pt fgﬁ% 8 ?%uiﬁ% o@#@gﬁly active
conguadnd and 10l kRRWOR. s@bl@rradxﬂlga,ex"ome peamorie refer
pharmaceutical |y ccep abl e [ ts
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compound or its conpl.ex. Non-limting exa |ncI ude
SodPIRPBRS L9 tfé’lyﬁ‘“éﬁf‘nﬁﬁ‘éﬁlio‘f?‘%& oS A e

gl )écf:'aBQe e&h}méaml@e,foafﬁ@au t@l lazfmas poweidnyg erfe the
(PE}s and the |ike. %]y g %
i&gﬂeglaa josr@atew&nppwaw%sartdepg a#3QBr 3BT éﬁurfjedmay

15 be u@ﬁt§§0‘c?{§dcérﬁb1\/@£ ebraBd arsel el x0fhay | BE6LEhDEorn
added thereto. The drug: 1 nP6 conpl ex premgltat es

outef Theobt@cipid-at &sPEEREbeI TRINHEF afdPOYH

senaLahedi by Ly ithugablyesred fdint oat kas. ca'mleas can be
separated conpl ex was dried under vacuum % 1; %]
¥ ?15 erse

As PA1VaE L Bed &enopghate Pt B IGH e F

angst B%&i@gf@deﬁalé o @mai-Nea byt achimorsdepnpher e may
be ed an aqueous sol utign of InP drugl | NP6

Zocorﬁ?lpégalbYeﬁ”rﬁst &thés fean. Ofoﬁﬁt’iec&?"-&a?g?*fﬂ Y
ex%ﬁ%hﬁce&Ouﬁbéﬁﬂdﬁﬁlﬁﬁn@f adueous preparations of the
biologically active compound and polyanion. Optionally,
one or more pharmaceutically acceptable excipients 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.qg.
doxorubicin) may be dissolved in water and a solution of
InPé 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.



10 peptide (e.g. glycagon like peptide 1 (GP-1))

there may be added an aqueous sol ution of 1nP6. The
peptide: I nP6 conplex precipitates out. The

preci pitates can be washed jg&nd then separated by
centrifugation or filtration. The separated conpl ex
was dried under vacuum 15 [0035] As a further

exanple, to a solution of an enzyne (e.g. |ysozyne)
there nmay be added an aqueous solution of I1nP6. The
5enZ9033] | nP6asoaPEext e eixpiupAé £Sto autsolTtéon of a local

precipitates can be shed an hen se t b
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between a biologically active conmpound and pol yani on
of RAREIPATBREF o™ tan be incorporated into a

phaggmgeut i cakly AcaeRiablenpas! i€ 2 GITREEShNIE a
bi odegradabl e wat er-insol ubl'e pol yners, 25 optionally

10w thepdde éRet pi ehtargothd iker pePhiddgri&d&plte) there may
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beceperphsd| abilén Wit driedrupdey) oiceam.f | uid at 37

C. pol yners i fied,_ opti :
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non-l.im.ting_e I of _the p a .
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20polwasr et-hadesndgolwsametnal s, pol yort hocar bonat es,

T e Eha by RS rae SR SoBoryHer S Bl ok
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,



10 copol yners, branched copol yners, terpolynmers and
conbi nations and m xtures thereof. [0037] Further, the
bi odegradabl e wat er-i nsol ubl e polyner can include end
capped, end uncapped, or a fl end of end capped, end
uncapped polynmers. An end capped 15 polyner is
general |y defined as having capped carboxyl end
groups. An uncapped polyner is as classically defined
in the art, specifically having free carboxyl end

501 @y ca P38 e Suicdlyhgd rokgowt sara beesi, gpod v kY bl e/ ner s

may be 20 determ.ned.by_a son of  otdi lddad N
T
detRn Rk BYane®) quillyaceuerl ghtselywdthdeadbshebes pol yner
degradation rate, nechanical strength, an
i SORaEP SRR PR AP Vo Ly BTy TRE e
Suighakhk 8arangenf p2h varkRous Berayeight sopblpoeymerksldak
of about 2,000 Daltons to.about %?O ogo Daltons with
104 FOrPdyepes siRiAHIeEr GRPOIYRC T F S POddBendi iy upon
Whi GhpBahY Bks | snbelieehiedsf Oierats®, among ot her
factors. [0039] As used herein, the term of,
" plie@3Fhceut | Bartier,3¢hgc biptagrasiabds ety snfat¥iifed

to 4 ngc?ﬂyir?@.rddee%§1d Whbbe N HO RIRADPEES PONSE M end
properties (e.g., thernosensitive, pH sensitive,
el edt endabappei t9nre Uncappeq  POhyRESabe EBFUETIIRRY or

155.‘155%%%%9”%5 tgéﬁéx%é:lll%s defhhbdBas NRIViGIS cappbi NdeSoxyl

di scs; m crocapsul es,” 35 m crospheres, nanospheres,

i emepgrbipk eshn wfaapeed1 pol pnes cky 158 CIPPROSBIES, and
ot her, 0P d,C 5B Fgus Bl ansrivsed rber cafibgkyl
dePﬁ%%EgamFBO%%¥¢%éthggs for for%1ngjggfious
phamdageatbgal |y acceptabl e polyner carriers are well

radOAl s ar ST Ao e R T P ente. S at0 vad

205, GR%e2hined 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 otf
polymer in solvent. Typically, a suitable range of

25 molecular welghts of poiymers 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

30 acceptable carrier" 1s intended to include any carxiers
with environment responsive properties (e.g.,
thermosensitive, pH sensitive, electrical sensitive,
etc.), injectable solutions or suspensions, particles,
films, pellets, cylinders, discs, microcapsules,

35 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;
5,278, 202; EP 0,058, 481; which are all incorporated
herein by reference. 15 [00&1] According to the

i nvention, conpositions can be produced when

bi ol ogi cally active conpound/ pol yani on conplex are

di spersed in polynmeric matrix to formsolid inplants,
whi ch can be injected or inplanted to a subject. These
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[ . d/ pol i . of _1h [ i on,
opIBAPRG ot 8l W15y SRaP ARGt Sy accoptabl 6

optS°

na accept abl e

exqoguopnt S, MSEHEHL Gvembicanal wotiomr phekthaceutically
processing techni ques, such as, but. not limted to
1 %BP e drt.

exBCEsPEa

@ ONPTESS SRTZAGTP Nt O d'ng? Whersin

25 E@rﬂéﬁ&ﬁ?lé@%ﬁﬂdﬂse&e(:ﬁb@é efrablateesalshane 100 C)

are used

o nelt the polynmer nmatrix Igﬁ§?g%3éuch

0pr eisacatbef B U Retemsant: 4B piiady
i "Fﬁ,lf’é»fitz%ﬁép @194103,?1@@@ .eggl, 911141;er5,|a33&plsi63; candi pdONS,
or alternatively term nal sterilization.py,...
i rr@&l&pﬁéﬁ?nmndﬂ%@@/&é@%o ?i?ﬂ%f&&zjro?%&ﬁn%‘”'
| rradigt bep, ofp e anid,aB1bean cistard ld12atihesrphPoda]

According to one enbodi ment of the present invention,
hormsgensobs Ae&FXR®f biol ogically active

153?2@@{@0’/ pol %85‘&9&&;0'{%! X851 AAch Py MRL8 68Nt PenB5an

d by dry-mXxi"ng in any appropriate apparatus,

f obe exardptediwhen beldlogiibhllametatve GERMPOERYEPAL YATE-On
or even 18 It f.qr exapple sohld
o P ekoar? Alofhs i BORGRALL ot
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35

acceptable excipients, using conventional polymer melt-
processing technigques, such as, but not limited to,
extrusion, compression and injection molding, wherein
elevated temperatures (ﬁreferably 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
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
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,
foll owed by the renoval of the organic sol vent by
evaporation or |lyophilizatign. The resulting solid can
15 be pulverized 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
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det Sinple experinentations. [0045]
20\ teefertd asipg rhedRd mobRh | FEPISERERR TR BY FTY

CONRLESsd Ay TR defedbut OORLLMNELALH! 85 ShdTidcdimetayt Be
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:

25 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,

30 lower or higher, depending on circumstances.
j0044] The molding temperature should be kept as low
as possible, preferably, not exceed 1G0 °c, and the upperx
limit of the temperature is dictated by the nature of
the biologic§lly active compound, which should not

35 undergo deterioration. An adequate pressure and an

adeguate temperature promote the perfect homogenization



preparation of FTIR pellet. [0046] In one enbodi nment
of the invention, a copolyner of D L-lactide and
glycolide with a 50/50 nolar ratio of D/ L-lactide to
glycolide is dissolved in 1% nethyl ene chloride. To
this solution, tetracaine phytate is added and

di spersed with a high shear m xer. The resulting
mxture is placed in a rotating evaporator and the
majority of the nethylene chloride is renpbved under
S\/aommmhemelgzreémmmartdn el d ﬁas‘pemsl@m |t§19p@@rléér@nt 0
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na ¢ conpression 25 extruded or injection
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achi eved by any appropriate means, such as 30 cold
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dosage “forns, ; rod, film or wafer, can
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1507 n@éﬂy’l@ge TheoBhueXtmuded s oL 0t Agfl Meeddehine phytate
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5 hese m croparticle deliver ﬁstens can be, 10
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melted and compression molded to give a film about 0.5
mm thick.
[0047] According to the invention, alternatively, the
homogenized powders can‘be nelted 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 descrikbed above adequately

cooled is then pulverized at low temperature, preferably



acceptable injection vehicle. [0049] According to

anot her aspect of the invention, particularly

ef fective and useful parenteral pharmaceutica
formul ati ons of biologically active 15 conpounds can

al so be prepared in the formof solutions or
suspensi ons of a polyner in a pharmaceutically
accept abl e sol vent contai ni ng di spersed or solubilized
drug/ pol yani on conplex . By conplexation with a

5polatani @BmpthetEeacidwee ghanps 9 birokogh caldly lastsirye for

20 conpound_are not available to interact wth
i n e%88P4Ei 6AY “Fhudh etQﬁ?%ﬂﬁ&biPP?ypﬁivTﬁ%ﬁe F€§|E38X

actsyyg eceeapPoY n@héﬂﬂgheoc 6PP&SH tdeHis: cof ptalaelpxesme
invention_was_inproved by conpl exing w.th p? %gnloQ%o
of TRePTRROERRS d?ﬁrtzglpoese?sm raa%@orfaPﬁg 0 He

Pr eRENLnlNVESSd OikcrdpAWRYBl e &éﬁﬂﬂtﬁySSQEQ%erda@.be
pharnaceutlcal conposi tion r|S|n% a biolo Hy

10ac 5up@eRg AP ot B W@%@dcw*t’wtw&& DATBRCRGE G L

polywiebraboE Exjendes kehease. of the biol ogical I y
active conpoun characterized in that the 30

cofSlt i on Ascordifse thopnpbitenrrInfcdciblbe invention,
gfg%&tgeaﬁgﬁfgn&&%t&gn@ﬁasal ) Bardnt@ERhex of a

ogi ca ctive conpound  having at |east one
ba$m@rmanetto¢ﬁﬂ fprowd aghdna ofdrialagilgeldy active

hexah@ggyc Sl o a@,%p ggge@tlé%ﬂ %%&mtaé@)solutlons

el'y c ar ged func grooups; and
bi @otegnaplabbeozv\atce? <i podlubt elpct Wrmazfutscf‘ekl)}’ a

ph%fcfé%f%%gmga%qéyveqt%%m?%gt@% rgp%l%%ldvgat suhigh .58

sol'ven or t ui't abl e biol ogically
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209r awppoasddate et syevdabherieo 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 extepded 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 polyanion in the
complex will vary from 0.1:1 to 1:0.1 according to

the nature of biologically 45 active conpound and

pol yani on, and the period of peptide drug release
desired. [0053] Any suitabl e biodegradabl e pol yner can
be enployed, provided the polyner is insoluble or
beconme insoluble in aqueous nedium or body fluid at
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into body fluid so .
[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 controllied 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-Z-
pyrrolidone, N, N-dimethylformamide, dimethyl sulfoxide,
propylene carbonate, caprolactam, triacetin, benzyl

benzoate, benzyl alcchol, ethyl lactate, glyceryl

35 +triacetate, esters of citric acid, and polyethylene



that the liquid conposition coagul ates or solidifies
to forman inplant in place. Single and/or m xture of
such solvents can be enployed, the suitability of

such 15 solvents can be determned readily by sinple
experinmentations. [0057] The pharnmaceutica
conpositions of the invention typically contain

bi ol ogi cally active conpound in a range of 0.1 to 40%
w v. In general, the optimal 20 drug loading is
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20i t Sirudegpadahdg ohs plag@duneliedt: upon the period of release
desired and the potency of the biologically active
compound. Obviously, for biclogically active compound
of low potency and longer period of release, higher
levels of incorporation may be required.

25 [0058] The wviscosity 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-glycolidé) 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

m xed 15 with 50/50 poly(DL-Ilactide-co-glycolide)
having a carboxy term nal ggfpup solution in NVP. For
the in vitro studies, small drops of the mxture
(about 100 ng) are added to phosphate buffered saline
solution. The receiving fluid is replaced at sel ected
time points with 20 fresh solution, and the renoved

$BJoesd)ut i onpi-srar@d yzedthef ebmflyg SNCRNHaakI anlusu ng
appropriate anal ytical nethods. [0061 Accor dl ng
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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
were 15 mixed with 50/50 pol y(DL-1actide-co-glycolide)
having a carboxy term nal gfoup solution in NWP and
met hoxypol yet hyl ene gl ycol 350. The drug conpl ex was
di spersed uniformy in the polyner solutions. The
conpositions were adm ni stered subcutaneously in 20
Sprague-Dawli ey male rats to forman inplant in place.
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depﬁﬂgi%ﬁ%gaﬁhﬁefgﬁgéwﬁk octreotide was determined by
implant retrieval at predefined time intervals after
administration and analysis of the octreotide remaining
in the iﬁplant. 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 biclogically 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 dimplant, 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
15 can influence the length of tinme in which the

bi ol ogi cal |y active conpoungsis released fromthe
controlled release inplant. [0066] According to

anot her aspect of the invention, conpositions in the
forms of mcrospheres are produced 20 by

encapsul ating bi ol ogically active conpound/ pol yani on
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solubility, size and solubility of biologically
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compound/polyanion complex can be encapsulated using
various biccompatible and/or biodegradable polymers
having unigue 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 conpound will be
bound to the 15 pol yanion and thus are not avail abl e
for interaction wth polyngg or solvent. This greatly
reduces the risk of unfavorable interaction with the
pol ynmer. [0069] A polyner solution of the biologically
active conpound/ pol yani on conpl ex can therefore be
subjected to 20 a variety of m croencapsul ation

st eciiges o Nel 88 NY1aP=aY aflbyhB0i s SPteaawhdehgeabirnges a
emul si on, sol vent evaporatlon emul si on.
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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 agqueous 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 pol yner encapsul ated biologically
active conpound/ pol yani on conpl ex and the solution. 15
[0072] Organic solvents useful to prepare the

m crospheres of the present,jnvention 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 20 be chosen that solubilize the polynmer and
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enbodi nent of this invention is that the inte of
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[0073] A preferred embodiment of this invention is
that the integrity of the biologically 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 matexrial from dissolution.
[0074] The polymers used to encapsulate the

35 biologically 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
15 conpound/ pol yani on conpl ex beconme coated with the
first polymer. Then, the sgl ution containing the
first polynmer coated biologically active
conpound/ pol yani on conplex is conbined with the
second pol ymer solution. Now, the second polyner
encapsul ates the first polynmer which is 20
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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 biclogically 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, 15
intramuscul arly, intraperitoneally, intradernally,
intravenously, intraarteriagly, or intrathecally, by
adm ni stration to nucosal nenbranes, or by in situ
delivery to provide the desired dosage of a

bi ol ogically active conpound based on the known
paranmeters for 20 treatnent of the various nedica
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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-1l, 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
15 prepared. To 100 nL of doxorubicin hydrochl oride
solution, 2.1 nL of phytic acid solution was added
while stirring the solutiopy The expected ratio of
phytic acid to doxorubicin was 1:6. The m xture was
centrifuged. The precipitate was washed four tines
with water and 20 then |yophilized. The yield is 187
ng (88.5% . [0083] The solubility of doxorubicin
phyERRMPRfES neasured in dei oni zed water, phosphate

buf sal i.he . 7 - D i de
(MR B, bR R refiprey TELDVERMS e

N- Metthyyd s id-ipyprsr ehiddoaehddVR)E, t2e amedsent invention. The
met ho ol yet hyl lycohol 35 nP. esults are
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50 wﬂ%ﬁho Ex% Le 2 Preparation of M crospheres
JEonPaT NG B PAT RREY DXETEE © 30 [0084] 121 ny DOX- PA
Conpkap Mgl Greparstion rof RivxozabiitinnploftdeGADORESAL0

3A, Alkernmes) in nmethylene 31 _5 chloride (D%g%. The,
abolP8%8 gani ¢ PHARE HRLMEAN Sff FegOr RS Mydrchlegsgde

(W yiiy P78 .30l) Ut ihORa Wt CIB ESS ) €an@09b fly /nl, thh§tic acid
refrigerator (-4C). The emulsion was continued to
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stirring the solution. The expected ratio of phytic acid
to doxorubicin was 1:6. The mixture was centrifuged.
The precipitate was washed four times with water and
70 then lyophilized. The yileld 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,O 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-HC1
a0

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



obt ai ned. The drug content in the mcrospheres is
-5.1% as determ ned by HPLC. [0085] The m crospheres
cont ai ni ng DOX- HC1 were 15 prepared by using DOX- HC1
in the place of DOX-PA using the sane procedure
above. Exanple 3 - Preparation of encapsul ated
doxorubicin phytate [0086] The doxorubicin phytate
prepared in Exanple 1 20 is encapsulated in
onIactlcc-chollc amd(PLGA) sing a douhle .,
grruF af ot et (R~ 118 ngPofe R dbi BHﬁsep‘ﬁ?f‘? a?“éﬂisslfled
added s et hyd qn@gcfohmr Oey7C Rt aitAbAGWIRLER wd D .freg
PLGAN nl solvent; 20 m). The m4>§ture i's hom)%eni zed
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transferred to a stirred tank (2000 m% containing 1%
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m crospheres in the PVA solution are precipitated by
30 vakersiand ithedi Sreeretiviader , Radsheld aherdsRheseggvere

The, &ﬁ{ﬁph%rh%s d2h§ E&@{bﬂ’@sﬂﬁe@h@ hhcdhstiddad ;wat.er 1

contar ni ng 0. 1% Tween, to reduce aggl onerati on and
dria¢ dwetﬂmwetdr@geﬁP¥%r 2 days at 4 C. Exanple 4 -

Pre i on i gl

tet acgt ne hyé]r ogl% ?%lﬁee]ie?qftf%zglﬁ? éﬂgéchi%lsgqle\%eed in

130 prepwataat b@nahsmmghmxgﬁtbusu shier piiage cRM@EK-HA gfsing
hyti c aci olution of Exanple 1 was 32 5 added.

Aft%l? a%aérf%é)rrofﬁ%%rﬁ OT St rri ng, the precipitate was
cenkxafipiged 3and wasdemicaliitdn wafer enddmesulfaten] gdesdrelpicin
werghytatdie form of white powder. The solubility of
t he[ooaep! ex imhedidbkereant chufftgratespstpared biel dyample 1
280|XgnégééggdﬂgtghtXn(Sg%§ggctic-co—glycolic acid (PLGA)
using a double emulsion method. 1.4 mg of doxorublcin
phytate is added in methylene chloride containing PLGA
(0.6 g PLGA/ml solvent; 20 ml). The mixture i1s
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%
pely({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



PBS (pH 7.4) 7.5 H2O (-pH 6.0) 4.5 Acetate Buffer (pH
4.5) 2.7 10 Exanple 5 - Preparation of pol yner

m crospheres containing tetracai ne [0088] Pol yner
(e.g., poly(lactide-co-glycadide) (PLGA) mcrospheres
were prepared by an oil-in-water 15 (0/W single

emul sion techni que. PLGA was dissolved in nethyl ene
chloride (DCM . For the encapsul ation of tetracaine,
the drug was mxed with the PLGA solution in DCM The
¥i xadded uthirrorretEpEN3} dH WL EMiFEPF ed i 500 nL
of 0r8cidhdWe heaBVAcL BV A u R8Vovdraky2edy: ayafage . 2fe
nmol ecul ar wei ght of 31, 000-50, 000, Sigma-Aldrich)
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ewggimy@_s_, %tf' fhed G iézptiqy%ll)fffegén@ b Bk BT 310 shown
evaporate t The' hardened m crospheres were

col betewed, vvashed three tines with deionized water,
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PLGA soltution USPEens WaS sor‘. cgt r;d
1@0%‘1‘?1‘&%] ﬁas%f%lg/rwa;t&"ﬂhl o‘?ﬁ pF &= TYEE o gmiprogpheres
whi F%n‘é?’r’} 82&W8l si on was stirred continuously
for 3 h at roomtenperature to eva orate the DCM The

har@@ﬁ%]d ni cFOSPREFese were RGIY (dEfeddeSRished
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The tetracai ne oad was about 3.2% {’3 5 [0090]

Lol y&E#F) minadsprErésienrtagiiinger ePP&e afdie dissolved in
hy d, 0ch Qi Aen( T61 HEL) oy © - Rakedn bdlpsu B tiidndlbo £
manner - by replacing TCPA with TC-HC1. Exanple 6 -

Pr epakeaGaimeof thel Fevs wontHicnyiEbt Far i solution in

DCM. The mixed solution or suspension was emulsified in
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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-cooled 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 mL 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 3.25%.



phytate 10 [0091] Inplantable pellets containing
tetracai ne phytate was prepared by conpression
nol di ng process. 249 ng PLGA powder were thoroughly
mxed with 25.7 ng tetracaizne phytate using a nortar
and pestle. Then -50 ng m xture were nol ded using a
Delta Press to forma 15 pellet. The pellets
cont ai ni ng tetracai ne hydrochloride were also
prepared for conparison. Exanple 7 - Preparation of
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sheBFamricere 1 RFFBRrTheor e0f R P H QWMELFLE) SREFTH e

a rB@%ﬁ?H@ 25 evaporator and the majority of the

1Gret [9PPEhe chilopildetaile raldvéd garobrlvhRUUAtIRTaine

res e $

ol o R R o mr Bee R P L RS

mm ZQEM]PLHAePfDWﬁmftWﬁﬂSe dhoaionet 1y smigsd et tdnd 930 mg

t 4 t
CoPRER TR Ol B0 st B ATt 1048 oo
saImmemxxtnnaawﬁmﬂgm@ﬂ@Eméqaymguﬁ\Qzﬂﬂ@)P@ﬂSq3H07f@rana
1%7 ]E)%u and the ﬁgﬁ&z S@A%gl%&ngf téééga%aowdq%ﬁ%kyde

%o deterfne the anount tetracal ne rel eased
35 VEOO5 18 preaprea®| tod danplaanssnean be nanufactured

usip |n plqce of E?gﬁggg%{g%' ot,per ﬁﬂjgﬂgca|58hta1n1ng

act ning at Ieast

fun@E %ﬂg 3@% % ﬁ 3 Célal*%fe‘? (PLGA)

f or |ons o t%t?%é%l ﬁﬁ %g?e an T ViErS
20€|ea&HHﬁQO&ﬁbm498@ﬁﬂdn@eﬂﬂingelhelm) is dlssolved in 7.73

po'géams %Eyg glg (gff%e) To this solution, 256 mg 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
°¢, and the buffer solution is assayed periocdically 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.



(PL&) having a carboxy term nal group solution in NW
is prepared by dissolving 160 ng of PLGA (RGGO3H, from
10 Boehringer-Ingelhein) in 0.4 nmL NVP. 39.9 ng of
tetracai ne phytate is mxedswth the polynmer sol ution
by syringe flushing. Small drops of the mxture
(about 100 ng) are added to phosphate buffered saline
solution at pH 7.4. The receiving fluid is replaced
at selected tine 15 points with fresh solution, and

5 heExampMed PBS-solvjeomblies afteimpledibos depfig tetracaine
congkyitdiad iz01d usisngnUvitled eciliemseat 280 nm Exanple 9
- Proeper at i onoaf (Lihe) compbeny @fL- |liad©§:ﬁéﬂ®o-w@]tﬂ’colﬁhi}é0i C
acid 20 [0097] 1.0 g lidocai ne hydrochloride

mol(FLE) hivses) FeBeF RO F S REte PR %\?]t‘ht%ﬂ“g&PoHE‘P
StiEEi Pehpa 2 %yﬁhlgéomﬁlgomma&ng el plLesmn(Rﬁso@mrrmlrem
1 is added. After 30 mn, IS adégsted to

1§y t Roghmingeycinogshainbnin A%-t‘leFﬂLaHHFher 0° % 5t
sti Eét&gcaltﬂéetp?@tﬁl&gci@'rﬁﬂ&e% s thi kher ssh gl waghed o4 by

tinmes wth The final product is |yophilized
Exafptnded Elushdpgr afhahl GHraffe OCofpe éi&l%*fu%o(ﬁbeﬁlﬁ A0

m”tﬂ PrQQé‘édHEHdtbogﬁgi Hatd Qm%@@%b9|§£lfhe solution at
hydrochlorlde (2.7 O dissolved in 400 nL

wat ef Art iteh r@pgévm %thﬂfdr itfg repdaced mt crelggsed time

lfhyfa {._| §Q~'r1l‘tth| eR.0f, Exanpis 1 a'n%l %ﬁgegemoﬁd aiRs3@olihion
I's adjusted to 3. 5wth 0.1 NHJ solution.

Af t &5 arlved g@rnﬁﬁu@fc%rwerrmrﬁ@wﬂhéﬂw a8y slatgcéipy at
filteped and washed 4 times with water. 35 The final
product 1s |yophilized. [0099]Sim|ar conplexes nay be
nmanBkale & byPrerangtien op| the emRdegkicfi Lifpcaine with
hydpezbti®@raadel ot her conpounds containing at |east
2mne[06ag] ¢ gr dup. g35idscExmnplweirbthlopidpatatGommet )t he

COﬂB&ggo‘mapctrqeb QE 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 mlL 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.



with phytic acid [00100] 20 ng/nL solution of

octreotide was prepared by dissolving 215 ny
octreotide in 10.75 nL water. 5 nL of this solution
was mxed with 1.45 m of Péssolution 10 (1% wv) at
pH 3.12. The m xture was vortexed for 1 mn and then
the m xture was put on a rotator to mx for another
hour. The conpl ex was separated by centrifugation and
rinsed with water once. The precipitated product was
§r eezamplke etll f or HA@parathenl15Lf ithel @oemmliest ¢H phbreotide
forwigh phytiec powder was obtained. Exanple 12 - The

St aleoh 00y of 20cigénli skel il dmjogc babkeot fds misatpreps red
[00101]. I njectable_fornul ati gns, of octreotide were

pr ePér Vdingp@igi 9 %%tﬁeé)g:ﬁd&elfln%of§ﬁgf "ESGt T oR ™
i nI 020: 1 aRpr@Rbhates selsentwithon . exanpl & PA solution

ol y(DL-l actide-co_glycolide) .(PLGA) having a 50/.50
1 at {5 o vdctaitdé’ﬂta'%i yCots &%&FPE% P2 B GEeH for 1
Al k@i es)d Waendit88ohyeeid s pathyh-2- pydid deneix for
(NMP), or nethoxypol yet hyl ene | ycohol (nPEGQ, or
poI%%‘fWreﬁ’é’uéI'y%gﬁoForﬁﬁ’ PR %F%@Faﬁ%d (PEGDM to
gi VEed A¥0RR1 6N 8Ac byi i ORtichThatéhn) &edabl @he
formul ati ons were prepared by di spersing octreotide
phyPER &L Rt adest RERITHE tHs Jalopaer d5edtTontE the The

197 XEWE£1 WaS duker oHOhy fapted fuRhi ke aptidd Orls obtained.
suspensi on or solution was obtained.. Six injectable

f orfAmRioNs? 30 FeeeShrbphir 95 SABHRC Hefow ™ PORIFRTPLe
Sol f@¥HHA tE§et ed Salt Drug PLGA Sol . Loading Form
(nglPOteY)) 40%i5058DLY . BNMBUM-NIPS 50f g e Adeea e be

45 5p ﬁ%)% 1%8%/%%8 g@ %&%r g’ﬁ{ges %’ét'}_"g% t§ge mg{l ol%h&étla s89u#don in

to 60% MPEG 50 ng/ m Acet'a 20 450 to
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.

ted Salt Drug PLGA/Sol.
Polymer Sclutions Targete a g /

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 Pé?ia 20 430

te



40% 5050DL2. 5A/ 60% nPEG 50 ng/ Ml Phyta 20 430 to 36
40% 5050DL2. 5A/ 60% PEGCDM 50 ng/ M Aceta 20 445 to 40%
5050DL2. 5A/ 60% PEGCDM 50 ng/ M Phyta 20 440 to 5 Note:
nPEG Met hoxy pol yet hyl enegbycol 350; NMP: N net hyl
Pyrrolidi none; PEGDM polyethyl ene gl ycohol dinethyl
ether [00102] The stability of octreotide in the
above 10 injectable formulations at roomtenperature
was nonitored by HPLC and the results are shown in the
t abl @0%bB) DAL AHA /EOFPPELEY | Dh mef/mdcicedti de2u th 445
phytic acid conpletely prevented the tegradation

and/ an%ag9$@niorbrof60%0CEGRMt  Wend /m1PEGAtsol Uil ons 14#0
nPEG and PEGDM whil e a 15 slight degriagati on of

oct reatotde Wascolsathvey pollyetoAlersoilyteONF 0N NNRP Bimethyl
roomytesigeiatng:e over tinme. Wien octreotide acetate
was usedpe@iMyni poTeaithydrmmentlpfohde dioetthgdt edbewas
degraded or reacted after three days at room

te r In the case of PLGA s tion

L R REG S, otk creri i s E Uity OF BBl BT

?’ heliﬁ? @E@abpé:tfcﬁﬁtdl%fe.lb?yt at lermulﬂﬂen@)erhhﬁr@rﬁsar red
ormto prepare stable formulations cont i ni ng the
pepfPR&tOBEGPY Attt 288t FRot Tt w@rﬁhfgﬂﬁ’ %R/Fﬁ}ﬁﬂj—féble
MPEGe PEEOM PR Mmp18&at Pan/ £ dRaxcohedePaitl ﬂ&ﬁtib acid
100.0 100.0 100.0 100.0 100.0 05955é001

100compbet oLy RFEQyertedothe 18RATRORAG oS $887 8% 130 itlon of

10009tr§o@9d@ 29.60.c00Q00ud06h D 0P c1Ad0PESDIDS. . hile a

100. 100.0 100.0 95.0 100.0
15 sllght 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 /2c /Pa /hBc /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 90.0 99.0 100.0 100.0 100.0 100.0

5 58.0 100.0 100.0 100.0 85.0 100.0

24 15.4 100.0 100.0 100.0 100.0 100.0

72 0.8 80.4 40.2 100.0 69.9 i00.0
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.



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 ¥ote: nmPEG Met hoxy

pol yet hyl enegl ycol 350; NWMP: N-nethyl 25

Pyrrolidi none; PEGDM pol yet hyl ene gl ycohol di net hyl
ether; /Ac: COctreotide in acetate form /Pa:

Cctreotide in phytate form 37 5 Exanple 13 - The

5t aBkanple 013 Oct Fhet iSdebiihitnj e€t fstecctrbifuiat fpagctable
[ O0f08huRRtdqrBL- | acti de- co-gl ycolide) (PLGA) having a
50/ @0103t i 0 cfolya®bi-tlectodedacallivdeli®e?. SALGAlomaving a

50/ | _ Leep. Spd
(NVB) S A i SR b by SR o SREF ThAED o

gi VE1ReARY6) seisutliienobyedweirgiNt-metheli-Atertabl alqne (NME) ,

olutions wer [ red di.sper,si octr i de ,no
180 b e ot Ry BB TSP E LT B RS £ (S, & «os
t hogeughi on Myxaeighit i tha imjdcaemlsuppenséomnsautions
sol uti on was obt ali ngd. 15 j:i{y'rect abl .(fiornHI at.i ons. were
pr ePar e PP ITEWT Y b & BREES rﬁfltgfefjgﬁ TP YT ET SAit
5Drogg%LZ SNﬁgjo(ﬁiﬁ%gdggg lﬂ?émmj(h B o Gy wxed
2. )% Phyt ate, 20 445 %,
50581 D! BENLB’G‘%OMWPSBBP%WH RECERLBESHn 46as %mm'

0
1505@%&31:51%1@0%0NM81595.6E§ Merd rabardd 455K below.
5050DL2. 5A/ 60% PEG350 50 ng/ M Phytate 20 450 Note:
nPEG Met hoxy pol yet hyl enegl ycol 350; NMP: N-net hyl

PyrToridinone. 70 [O0I04] The rek-gbtbat ysalit octvegd | deLca/sol
in the aboEPTHHAPRDI e f or MULeddRF ako&MOM (mg) (mg)

t ermpeTALUEG 59852 . SRGGOeP DY siPkg/ADdHyRateesutd s ared45
shown 4g3 theobabl ea/ded amp | t sappgans Adeaktbot esalt 455

forms Qfy @ebbBAbI €€/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 comﬁlex form of octreotide is

preferred than acetate and citrate salt of octreotide.

Time points (h) % of intact octreotide

NMP/Bc mPEG/Bc 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 7.7
24 i6.1 82.2 41.5 100.0
72 0.0 68.2 24.8
168 0.0 54.5 13.5 100.0




and the solvent affect the stability of octreotide. In
25 ternms of the stability of octreotide, nPEG is
preferred than NMP and phytate conpl ex form of
octreotide is preferred thmn acetate and citrate salt

of octreotide. Tinme points (h) % of intact octreotide
NMP/ Ac nPEG Ac NWP/ Ca nPEG 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
13.5700. 6388 336 0.0.87.4 0.07180.0 50400.0 28160.0
0. 07I00. OsbsNot e:  nPEG. 0 Met hoxg8psl yet hyloefegl ycol00.0
B850 NMBite NF- ARy Mo t HBKYT 0b1 pHuhgDeseg1Aeol OH0; e Bk dei-mathy L
acet at @yh-epTHdihGAs; @BLE ealckdectiimeci 1r akeetoram oG /Ca:
Cct r eotdctieedtidehyinated tréod nfodm¢aniHae Détredtdidei dln phytate
Rel ease&oaf. Octreotide in vivo in 10 Rats [001051

Pol g¢&hpleactd de- doiglint olRedehsé PeGARokxeotilflesdiy atf vion in
IN- nR&ty| - 2- pyrrol i done (NWP), or nethoxypol yet hyl ene

gl .ypohos] ( nPEG)Lyt(ong@tmeA«%gagbuM@@) bypMasi)ghtes The

i njectabl e farmul ation re 1 re arg@%by dlsper5|ng
oct fE8 9 dE DA HrBSbPY He Qﬁ%¥° r'e Was
thfﬁ@%ﬁgugpdnyé%dymehglgzyaundmanFPEsusp@rgauy1a3m0%

sol ution was obtai pe | nj ecta nmul at.i.ons

pr epAHEE Ay EYsHERAFn T THEISE2 g’éFo%’ fgpns were

15 or prb @l i N HyoliepbE ook dﬁ:t(ﬂe@atghlaypajamﬁe 1:0{) At} a28 .

wer e admi ni stered subcut neou he back ,of the

Spr Byt L BENESy VA BR PE?%Q 1Féﬁe3§ gfa €6t de

was gy, Sed ey sgnn e Bléltﬂm)ﬁmasf elbtiaeval. at Ipfedefdlred

time
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 Harvest Degradatio Mean
ar
ID# Formulation Content Time (h) n (%) Release
(%) (%)
OCT/Pa in 40%
A 5050 DLZ2.5A/60% 4,36 24 0.00 10.82:47.10
mPREG
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% 62.08+10.9
C 5050 DL3aA/60% 4,37 24 0.00 p

mPEG




intervals (30 mn for group G and 24 h for groups A
through F) after admnistration and analysis of the 25
octreotide remaining in, the inplant. The stability of
octreotide during the fornujsati on and rel ease was al so
eval uated. Drug Harvest Degradatio Mean |D#

Formul ation Content Tinme (h) n (% Release (% (%
OCT/ Pa in 40% A 5050 DL2.5A/60% 4. 36 24 0.00 10.827.10
nMPEG OCT/ Ac in 40% 47.016.91 B 5050 DL2. 5A/60% 4. 16

2T 2U6PIE5 A 35478.5 nPEG 1)* OCT/ Pa in 40%
$2. 084058 p13:50%@ DL3AL6O% 4. 37 24 0. 002467APER 395.5243.06
OCT/ Pa i n @i@% D 5050 DL3A/ 60% 4. 36 24 12.672.52

5B5eCT/ Pa 400 5050 235 24 10.00
B3, 419.2985/062. ¥ 60% RVBS OCT/ Ac 3% 40% 5. 0203 pAi£5. 37

5050~ bk A G0%o4 26 24 28. B13.45 (44.123.9 NP 43, §215.02

/E@ @rbﬁz()% @50 DL2,pA/ 60% 4,460 0, 2
QCT ¥ rrg6 I\/letDt%oxs poI yet h4$| enegl ?/clzglg & ?Zé Z%:B 7

kMAD hL

Cctre aﬁltoé,o : Q—;
el EQ’W‘QDIO?G' &3%i on egﬁs [E)(r)ﬁoéi dgofrr]rélt g{jl ons Sa29%7-73

and G are™8EE | ar with a.slight

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

[001086] 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 secems 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



10 hi gher drug content for G but the animals were
harvested and i nplants were retrieved at different
time points. The results appear to show t he gradual
rel ease of octreotide overgtinme. The octreotide

rel eased from the inplants was about 3.297.73%in
group Gat 0.5 hour 15 and 10.827.10% in group A at
24 hours post admi nistration. Conparing to formulation
B, the conplexation of octreotide with phytic acid

5i govtid and legpllapned ddy bdteh fanitt khhtr theabelang was

stability of th tide,i.n.the fornul ation . .

rel ‘é‘é%%k%() g&‘g‘c?gsg gg‘f’r THERSITRAS T8RS BY s Jbs\’/velg)%t%ﬁgtg

MPE& Wasn 8 NMP ebekhedssataenatingy et s Bives | sif tigremendfals .

octreotide stgbi I i,t%/.. NVP se_\L s to.be, a tett.er ase of

sol VahtSH e BoASSoRE T et i"eE“EndePEGA Whi 't may ™ ®

pr oppi & d ey a@cfyltagi 9fhidRAGH @né_banmwcm reefottihde PaAH,

PLGA or its degradation 25 products., [00107]_ _The,
1§ eonpabiash ey SoPrGE Laaion SO DRLESTAe TeRtafe and

corpetat & tiq ot hegeaaht Bded:-ddlic¥kt I Bowdv&f erthed soclvent
exanpl e 13 & 14). However, the degr adat%,on/ react i og £
r at @1 SERALd- OB HREr 21 KL WFARET 36 PhE TIFIR AEOP3096

VS 1?@1_% af g&o %ﬁ%h% eod Dl ﬁs‘ﬁjlfl}; %eaéleeé@ed 5.1€ aitled lE'Lblglf—mt

expl al ne Yy t he act t at t_ e 1 ant , S ul C

f or At dh it LA ﬁ?@%‘?hﬂ%%'d?&g?‘ﬁaﬂ%aq?& \Fbﬁf’ the
1NVPLL0: dihe SWikeuRdhag Bd 95uepeal ihhehanimplamt mlba

sol vent dissipation would result in the increase of
Vi stomiey thmn RESVERS o] SIRGTSLOrEd FIEatsDrP P iptgdically

PLGA.+ 1 | £afio0aat 9n i 84 GWile 1s@a61EORoFALEs bairyeen
octreotide and PLGA or its degradation products.

Howtwees tattie tooigEALoP i LS CALWES B 3 0w r ocess

as signbid cant. aaovhto Ole1 MR b#PobEraSas il Rashi | |
be detected in the inplant 24 hours after

2Gdnionn 88l at | Gihe Thi sctakhic doagulhai onhea e RISPAGER Y
sol ¥ente [, PR 5-aBRE4e i thyfhad TRl 8BLy (Bl actide-co-

glycolide) (PLGA) solution in mPEG350. The mixture was
thoroughly mixed until a uniform suspension was
obtained. Injectable 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 u & Mean Standard
arves . .
i Release Deviation
ID# Formulation Content Time (h)

(%) (%) (%)

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




| onger than desired. Therefore, the use of

bi ol ogically active conpound in its nore stable form
is very inportant to devel op a benefi ci al

formul ati on. Exanple 15 - Igq Vivo Rel ease of
Cctreotide in Rats 20 [00108] The injectable

formul ati ons were prepared by dispersing octreotide
phytate in Poly(DL-1actide-co- glycolide) (PLGA)
solution in nPEG350. The mixture was thoroughly m xed

unti loer Ard fier B5suspensj gn was obtai ned. Injectable
Bor b 20 imres spyepar ed aré shown i2da 25 t heltd abl e bel o 2
These forsmmkati ons of octreotide (roughly about 100

ul)” wer®/mdiinniBster ed subcut aneously in the back of
t¢he Sprampse Daokey mal eorats. Thed rel easa.df 2.0
octreoti dgem@s determ ned by inplant retrieval at

lgredqﬁq;m inmasent erval s_after %O admni stration an
_nal y@jgﬁgs)/_f%t%h@lpggtreow dé -r emai -i4ng in the i npl ant < -7
The stabir/bLy468 octreotide during the Tfaqroulation 45

Bnd ge}easeosaspakso eValtated. Bfug Harvest Mean

ar 0 bE%: FQIdMbaY | Ofb1GeBERTEnedl fao 1 N)35ReT €ARE:  OCT:
DeVbtrb8fidd; % /69 QOctiPacide 40%nAt5050  5050DL2.5A:
DL 2, 514/ G0%349-24-dlydoiidé) nPEGcdl  ©0F/ AclactidEdo 3 from
. 978 1605Q sDL2rEME £5% 2414410081 de-tBREGYOCTARE) | NwB02 C5%
RG/E2% /0% iR, Boddr thakr2I0geMPEG DT/ Pa in 45% 10. 7

124 1.5 2.7 RG752S/55% MPEG E OCT/ Pa 40% 10.8 24 3.8

4'%00109] The initial release of OCT from formulations A

and B were 11.141.7 % and 14.0%4.2 % respectively, while

from formulations C, D, and E were 0.4%2.0 %, 1.5%£2.7 %,

and 3.8%4.5 % respectively. Although the differénce was
15 not statistically significant, there seems a tendency

that the initial release of OCT 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, 0.0132 mmol)

was dissolved in 5 mL water and with vigorous stirring,
1.0t mL of 1% phytic acia 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 (InS6)



RG752S/ 60% nPEG 5 Note: nPEG Met hoxy

pol yet hyl enegl ycol 350; NWP: OCT: Cctreotide; OCT/ Pa:

Cctreotide phytate. 5050DL2. 5A:

pol y(l acti de-co-glycolide) ywth 50% 1| actide from

- Al kernmes; RG752S: poly(lactide-co-glycolide) with 75%
| actide from Boehringer-1ngel heim (BlI). 10 [00109] The
initial release of OCT fromformulations A and B were
11.11.7 % and 14.04.2 % respectively, while from

forogiatj ons B 3 cardiEaverecd. @ B2%y .1, 5. 7194 rmnd
3.84.5 %res ectlvely Al t hough t he glfference s 15
not W&f afF $3¢Eq s Polbf TRERH | % hérdhs EeART AT &t 9s

that thepi Nbt id JoebeasemofnddkdiNGeaasas ks h( Mﬁ
decrease of pol ymer concentration. |Ln addition

was SosuhbPe ?‘HfurHHnd -PhBas o?%ﬁdatﬁaoﬁoﬁlaécé%l%rﬂf @E’ Vi Vo

rel gaggghne thase horaul abbons. ROnExaBe! 8tifring, the
Preparation of -tthe conplex of glycagon |ike peptide.

10] peEPang WA IPspFLEecedi d THe0 PHPPEBetARE ik Kecanted
aCeB@EeaﬁM\‘.l‘g%&‘e%ﬂ.p@tg’gézwm%sewa§wgb§Sﬁiﬁ/k?dddtrérisand

wat er and vi gorous stirri n% nm. of 1%
phyth@naﬁx%ewdﬁlleén ai?hwfasﬂa@ Was &GBeHEQSME ahfolfgEm of
ratig;of .Rdx phytate =-1:1). After another 30 mn
of stirring, the ni xture was centrifuged. The
supBrampbnt 1as- dBsapardtvit afid thee pererlss t afe Bids with

1%i npbetigiadidvi th water and then freezedried. The
fi nEﬂO‘HB} oduc’lI ()w@sPYiﬁ abetdior njlof2 Ahinmel poeletisBGved in

a0 S e, SR B, ST Y 00 ene
(I nﬁﬁﬁrta{h?e @J[tﬂﬂbhl]afSExmng@_R- lisaedtlatie (£ m@gﬁatio of
Vi g%%u% Skad f]gdll‘?so' %ﬁfﬁé gafn%fgper\g?ggél %nm | \é!o%llr}t%lng'
2hexasdl pod el (ilia$e) 1ssOibtdond atndplwlaﬁhedv\ést:a@ﬁskedﬂ(ca
rTDIartrathl‘hf é%ﬁal product is lyophilized.
Example 19 — Preparation of lysozyme phytate
[00113] 100 mg lysozyme (7.1 Omel) was dissolved in 40
nl, water and with vigorous stirring, 3.1 0L of the
25 phytate solution of Example 1 was added. After another
30 min of stirring, the precipitate ﬁés filtered, washed
4 times with water, and lyophilized. The final product
in the form of white powder was obtained.
[00114] Similar compleﬁes may be manufactured by
30 using, in place of lysozyme, eith?r naturally occurring

peptides/proteins or their synthetic analogues.



l:InS6 = 1:1). After another 30 mn of stirring, the
10 m xture was centrifuged. The supernatant was
decanted off and the precipitate was rinsed tw ce
with water and then freezesgiried. The final product
was in the formof white powder. Exanple 18 -
Preparation of the conplex of PYY with 15 phytic acid
[00112] 1.0 g PYY acetate (0.247 nmol) is dissolved in
100 nL water and with vigorous stirring, 11.5 nL of
the phytate solution of Ex&lI#S]1 is added (a nol ar
rati.o gf PYY: phytate = 1:1). After another 30 m n of
sti rlnﬁ 20 the precipitate is filtered and washed 4
tlnﬂs mnAhph&fﬁ&ﬂeufmmalfbnmpopitﬁhnncdmprﬁyépbiIized

9 -
SIS, ey B £ S DA

mata@aandometbayi@ofunutrﬂnaﬂrgmgupSaﬂdCL wdltadrel 025 derived
ytate sojution o 1 was ,added. After nother
B R et R R TR b et o B and 11 bt oy SRR tuo
washedatdvél peshaddtl aherioaa diyop;l kned. The f|na|
pr od in the fornhg&_mhlte owder was obtai ne
e

(00E1ap BhfiFraedchit aNe S ray" g Pl BS Sy

usi mg.odefrpiia@ce: OfwdiesozyeBluel d heylyratur al |y
occurring peptides/proteins or their synthetic

anal ogues. 43 5 CLAIM5S | claim 1. A pharnmaceutica
160NMpQsi t re8 @&gﬁﬁdcﬁédtgba&) canseplion of albial Doitealdin
active conpound havj a | east basi c functlona

o obBoataR L o S b arY JEa T rgane nes St T

hexahydprxysyLtOhgeape .having at | east two negatlvely
charged functional groups; and b) a pharnaceutically

acceptabl e carrier conprising a biodegradable,
wat er - i NgRE UPh LriRaifBkal composition of claim 1 wherein

20 the derivative of hexahydroxycyclohexane has at least

two sulphate groups.

4. The pharmaceutical composition of claim 1 wherein
thexhexahydroxycyclohexane is selected from the group
25 consisting of_cis—inosifol, epi-inositel, 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-

inositel.

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

phosphate or sulfate groups.



15 2. The pharmaceuti cal conposition of claiml
wherein the derivative of hexahydroxycycl ohexane has
at | east two phosphate groups. 3. The pharnmaceutica
conposition of claim1l wherejn 20 the derivative of
hexahydr oxycycl ohexane has g least two sul phat e
groups. 4. The pharnaceutical conposition of claim1l
wherein the hexahydroxycycl ohexane is selected from
t he 7gr ouphe ZBhagorsnst tay ofmppisstiinosef otlaim 6 wherein

%pl'lnoﬁl%gvatfgé of %. |§8F81£6¥) | 10S1dsQlep1

i nosi nuco- i o- I nositol,
L (ﬁpxabhosphmMSJtol, and D-(+)- chlro- i nositol. 30 5.
The pharnmaceutical conposition of claim1l wherein the
hexahydr oxycycl ohexane is a derivative of nyo-
in0$itoITh6 pﬂﬁnmqﬂmmmﬁaaéutbmpdsrmmnnsﬁtb@aimfG@wmnaﬂﬁ

wher, 35 the derjvative o n05|t

aiher fet P TP L TR grba ot igL exdyphate.
Jphar macut'i cal conp03|t|on of claim®6 mhereln 5 the
derlvatlve of 0-i nosit I s inqsitol . hexa sphat e.

5. Phe phas R e SR DL P e aP i B RS
t he tder byveldgieaafl ymreti festém@bours! hagsktoleast one basic
hexasulghate. 10 9. The pharmaceutical conposition of
cl aPmtE°9#er ein  the biol ogically active conpound has~

at | east one basic nitrogen. 15 10. The

har maceuti cal conposition of clai,m9 erejn_ the_
1B nenB i TH0 e CBaE e Lo R P by b SPeRgLe
of RALNSasidNHit rdQen' i H0sdlddtege Frohlthdhgroup consisting
phar maceuti cal conp05|tlon of claiml1l wherein 20 the

bi oP&gPEH y IFdFEy 828 oM 550968 ect ed from t he

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.
1

12. The pharmaceutical composition of claim 1 wherein

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

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

35 +tobramycin, amikacin, neomycin, streptomycin and

tobramycin, pyrimethamine, naltrexone, lidocaine,



group consisting of small nol ecul es, macronol ecul es,
pepti des, proteins, and enzynes. 12. The
pharmaceuti cal conposition of claiml wherein 25 the
bi ol ogi cally active conpoungsis selected fromthe
group consi sting of doxorubicin, doxycyclin,
diltiazam cycl obenzaprine, bacitracin, noscapine,
erythronycin, polynyxin, vanconycin, nortriptyline,
qui ni di ne, ergotam ne, benztropine, verapam!l,

§ | upatledaige, @@pnnﬁpaam¢néMﬂgeﬁxanyerntem%ﬁﬁﬂanﬁ

”eggé{ﬁ@acaﬁ@x'o%#khbfn avﬂdéigﬁ%%’sﬁr b%?&r&&ortlcotroplc

cins 'Fosi n
d|hydrnmakre@mlﬂﬁyclapldemmakngmqwth ifsepari CBGE) , platelet-
m cr.oni m

tl Cln [
rap%ﬁﬁ%Y?1 ﬁ%¥8§|gﬁc, éﬁﬁﬁng%unﬂ%ﬁﬁlésqﬁh%géﬁng
anlkaﬁmdne,nammﬁdhmzls@rhmﬁmnnann@laadlngomwzmqna HLHRH)
yr ] ham ne, xone, |li.docai ne -
10 R B st e e A TR ear RECw TR Skmenss
r opk ¥e€hidigg &mmhﬁﬁlﬁbr@&ﬁﬁ}pmeﬁsbnylne p growth hormone
adrenocortlc hor r.ow h

Facroreis TsRBr e SR Sy T bie Rt Rt R Bt -

pr opastdihs lWdk@i Brgtngopdicriimnectiui ey nj zé o toartabne,
rel easin hor e.(LHR HRH a o ists, ..HRH
ant &hoTAE Y ﬁ%% %ﬁ?ﬂﬁﬁiﬁ = Fﬁ8|8ﬁ B ruridiy e feron-
1901 Chénes . aﬁ_elltl'éQ\beGl)x .gaowt ) hesaene, teteasistgin,
factor nsul.i n, t hr opoi et i n %%ncludig ,.al l,
proP%PFﬁS%Hqﬂ%nerVFﬂg%ﬁﬁﬁ Sc SEEEPYiEy)©2 é%ﬁﬂﬂigfatin
gl USRGDTha 1isRtsET laﬁa.lstgsvnmsn,t %{ﬁg@b@@nsﬁh@h&:hyﬁmmer on
15 . beta. |nterferon]g% gastrin, tra aﬁ&&b?
penf&RAtiTTh hograhast e, ??geFePFﬁro%%ﬁ
enkephaliyi®id aBdaERd| ULSIH)a,nglle(ﬁrengrmthtﬂwt@tﬂ apiay,
r el easi ng hornone éTag;, umor Crosis 4a%$§r (TNF),
20 ar SFHVHA T Yo FRORRY ( Jt—rﬁ“lalifellr\‘?e §F6™E h{Factdr (NGF),
20 granul speemselopagd+dllcalyi BYihals©ind GaCsb), (GM-
O A e L SRNagEs S0 A T 5 Ty AL A A% At @) M

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 humorgl
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



CSF), macrophage-col ony stinulating factor (M CSF),
hepari nase, vascul ar endot helial growth factor

(VEG F), bone norphogenic protein (BMP), hANP

gl ucagon-li ke 25 peptide (@gP-1), exenatide, peptide
YY (PYY), renin, bradykinin, bacitracins, polynyxins,
colistins, tyrocidine, gramcidins, cyclosporins
(which includes synthetic anal ogues and

phar macol ogi cally active fragnments thereof), enzynes,
Tytoki res] Ixnt ipedzwse, I-ardccidhnss, amidsiastites,

o LR 5 o) HEORERL E 1Ry OB LA R sgélra&sqwgnaomo%e,

oi etin, thynos
thymmyﬁdﬂnﬂatﬁmuﬁhynm@ Hmmma, pﬁactemzymmanWIthyn1c
factor, colo stinulating _factors il
bon?ﬁﬁﬁq?yﬁﬁoﬁgpbﬂrnhuWﬁﬂn %§ﬁ§%n£ %%EEJ S, HEen
ur odth didisghi Kabhbloetsphisybptranesn Psmﬂhexgum$tamdlating

ant agoni sts, angi otensi.n A1 blo coa ulatlon factor
105 Pepide o §ast lcl&éhﬁﬁﬁﬁ? gPSﬁ] foi B Ry Rocyt e

Stliﬂﬂéﬁﬂﬂﬂalh@éﬁﬁmﬁe,tﬁmﬂﬂmhéthdéﬁbﬁ@drgﬁdwrh fgctor, and
hor mone,  thyroid stimul t hor gj_%a}{}creozymn

choP B &6 APRLOAATRAM éFa hunan

Ch0@ﬂé¥Mdbdya@&dakLpfﬁwﬁnvqaﬁahgmenssntﬁmxaaf .Stimulating
10 peptide, gastric inhibitory peptide, vasoactive
i ntestinal peptide, platelet derived growh factor,

18Nd; 3 Syntriet bﬁa@ﬁ@&:@lgmlammmdhﬂ@atdmnﬂaand 11 wherein
pharnacologlcalig active fragnents, thereof % 13. ..The

phalim e PliPgarat brpRst o oBPoENd Hf e Mathed AToPhERe
bi ok 29I &lony i 8€LhY €o £ LNPAHB LS n § e KE4r@etifrr, Omallheexone,
group, consi sting, of doxorub|C|n %$ . -

nal e iediel SERFER: FRFCYr JRER " 1 abl 8(%5 Sp HRER
agoihisdgon il gastagatsiosesgr gm&»datmmmm rgilewsng
hor nbne releaS|ng120 factor, octreo

20 nt & FE&an oSEFRATI TR S FETIREBRE %nlph%tjé“rtreérf&ﬁo&aﬁﬁ%a'
Calfﬁﬂéﬂﬁé}onp?&ﬁhgyré&lbﬂﬂahﬁﬁnepéfﬁﬁﬁyroﬂﬁ woagonel i kKexH) ,
pepéiégzgon llke pggggéék%éEE wa%eptlék YY {PYY), and

synthetic analogues and modifications and
pharmacologically-active fragments thereof.

23

14. The pharmaceutical composition of c¢laim 1 wherein

the biologically active compound is doxorubicin.

15. The pharmaceutical composition of claim 1 wherein
30 the biologically active compound i1s glycagon like

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
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synt heti ¢ anal ogues and nodificati ons and

phar macol ogi cal | y-active fragnments thereof. 25 14. The
pharmaceuti cal conposition of claiml1l wherein the

bi ol ogi cal Iy active conpound is doxorubicin. 15. The
phar maceuti cal conposition of claiml1l wherein 30 the
bi ol ogically active conpound is glycagon |ike peptide
1 (GP-1) and its anal oguesy716. The pharnaceutica
conposition of claim1l wherein the biologically
active conmpound is Cctreotide. 35 17. The

[ 5
2 RaPA Ty PR, SRR T R ey,

18 The pharnaceutlcal conposi tion of claim1 wherein

ide Tmeo%ghaQ@&L@,ca\matc@mprﬁ@mblda: Rabyfer isesalect ed
10 fromthe group consistin pol yl act i des,

Pt JRFHAPEEF PeRR polAeAct Pae! e RYBEF Ly s38Lected

Py GRRr gk-a6h 0Nas1isRAhydb OXeIGNestipekycar bonat es,
éﬁﬂyhydroxybut rates, polyalkylene Qéalates

XA dr PR PO Dbl s 485 S0 pof YetldPahPdes, 15

mwlp@bmaae@eaqolpmgai@kﬁ;oml pblhﬂﬁ&’oﬁ@lﬁabes

PoI hosph | yh | er at | yal kyl
DTSR Bar i st e & 4 H50aryhbrs. bl bok

@&myﬂﬂbwaESdebrqnmh&ﬂu@@polyﬁmwéstdnﬂmadbyners and

conblna i ons and m xtures thfreqjl b tThe
caatreal*e rﬁﬁﬁ§a9|0np% %ﬁzmq%af GA2FETn  the

mmm@uhzeaéé y p@d@ﬁpﬁabkﬁvﬂ&rrraltes covjydlded.can

envi.ronnent _r olyne r The
PHRAFIECEG i B y%k#%ﬁﬁflfgoh o?é &Kg§%6r§hegghﬁ$ t he

erp Inarerent b rasqtorts icogopghyner mﬂrgyﬁymess and

combinations and mixtures thereof.

19. The pharmaceutical composition of claim 1 wherein
the pharmaceutically acceptable carrier comprises an

environment responsive polymer or gel.

20. The pharmaceutical composition of claim 19 wherein

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

21. The pharmaceutical composition of claim 1 in the

form selected from the group consisting of injectable

solutions or suspensions, particles, films,
pellets,cylinders, discs, microcapsules, microspheres,
nanospheres, microparticles, wafers, micelles, and

liposomes.

22. A pharmacéutical composition comprising:
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t hernosensitive, pH sensitive, or electrically

sensitive. 30 21. The pharnaceutical conposition of

claiml1l in the formselected fromthe group

consi sting of injectable solutions or suspensions,

particles, filnms, pellets,cylinders, discs,

m crocapsul es, mcrospheres, 35 nanospheres,

m croparticles, wafers, mc hles and |iposones. 22.

A pharnmaceuti cal conp03|t|on conprising: 48 5 a)a

conpl ex of a biologically active conpound having at

| east one basic functional group and a derivative of

hexahydromyaycbmbeﬁan@ﬂuﬂﬂbupkngi@ﬁ&ﬂytwmtiwegabmpehyd

char ged nyn qgl ro ; % .a % grnaceutlcahlg

KL abie caidtier TG ﬁ%&lng VA deaFgangE

&wﬁﬁﬁaulnsobﬂbméthyd¢ﬁaycyékwhaxamelhaaﬂnqraﬁnhyasmgtao
war m. bl ooded ani mal s

I t
Tasi e 18, e e ot REPRHT ' sl oaB of i he
blologlcaMDm abbivecoapalby aveptabpercodkiefr compeising

e oftthe gpggpeut cal conposition of
hﬁQ%eﬁﬁa ?%ﬂ%ﬁ fhe* Eﬁ EEBP AT 'conposition i s
%uﬁlestlér 8EmBY I SEFAINEdR RiSEPAtTON.Y BalERE eriPound to

RdRh 0, sLEQE G ONa G0sal  sadn Rhet I atkeRi nPt habii Gl led
adm ni stration; subcutaneous, 20 intraarticul ar or

iattgameusEutbe buqh@gup@h;yuaﬂtﬂvatpgmpownd avepi gaperiod of
admi ni stration. 24. A process for preparing a

“di%s0si tion characterized by sustained, controlled

rel ease of biologically active 25 conpound(s),
conprising: a) separately dissolving a biologically

Zct i e ueap@ﬂrthdw@MBmgae&uﬂﬂaaétcommpiﬂﬂioo of unictiimozal

#Hé%éeh %Hg 55&%%5%%% lc§i comp051tlon is administered by
oral administration, parenteral administration; mucosal
administration; ophthalmic administration; subcutaneous,
intraarticular or intramuscular injection; inhalation; or

topical administration.

24, A process for preparing a composition characterized
by sustained, contrelled release of biologically active
compound(s), comprising: a) separately dissclving a

biologically active compound having at least one basic
functional group, and a derivative of

hexahydroxycyclohexane having at least two negatively
charged functional groups; and b) mixing the dissolved
biclogically active compound and derivative of

hexahydroxycyclohexane to produce a complex.

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

insoluble polymer.
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hexahydr oxycycl ohexane having at | east two negatively
charged functional groups; and b) m xing the dissol ved
30 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 pharnmaceutically 35
acceptable carrier conprisigg a bi odegradabl e, water-
i nsol ubl e polyner. 49 5 26." The process of claim 25,
wherein the conplex is dispersed into the
armpceutically acceptable_carrier. by dry-mxin
SS0 u?i%ﬁo?%s%nogr%g?‘ﬁr% %61 VEREES G %}reel ?I%i.(é}igiil
& pharseEc ént o cale gorpesctiocddypricsepgabl) @rcarpl ex

of bi ol ogi cal ] cti.ve conpound _havin at. | east one
%%éﬁg;W&ﬁ&g9bﬁngﬁﬁﬁﬁﬁognﬂnggb&r §H%Snsgé??v€d%%from
hexahydr oxycycl ohexane having at | east two negatively
charged functional groups; 15 b) a bi odegradabl e,

wat er -i nsol ubl e polymer; and c) a pharmaceutically
AtcdptraBreaghitiercati SEMpPelbyon ¢C8pEr&iB¥e organic

sol vent ) 28. 0FPOSiiicARgQka ¢l #i B AT MREhEhind N v
20 phar%£§£6¥ﬁ'gF%yggéié%fE%Pe %rdgﬁgi sglven? ?s e
sellectsed ofhe ovas i guoapioha N-gretupy bnd- pypelgtdrdoneden ved
N- di net hyl f or mam de di nmet hyl sul foxide, propyl.ene
%@ﬂb@ﬁ&ﬁﬁydaw%&fﬂeﬁsﬁﬁéegﬁ%&gura§| Tear p?gopﬂ%ﬁ‘gl"ely
GGl UBLYbn el igoapdy (propyl ene gl ycol ) "di et hy|
ether, di(propylene ycol ) methyl ether 25 acetate,
met hoxykp)oI%/@tll@ylpéh@d%)%olwa%@,‘ln%PW)%@P%@%& el

gl ycol, polyethylene glycol esters, triacetin, benzyl

benzoat g, ?%wma@leﬁ?f&ll’lftalaﬁbpjc%i@tu%’terglﬁfQ@{Bde or

triacetate, "'esters of citric acid, polyethylene,
&Hycols and conbinatigﬂtthereof.

persible ordganic solv
28. The composition of claim 27 wherein the
pharmaceutically acceptable organic solvent is selected from
a group of N-methyl-2-pyrrolidone, N, N-dimethylformamide,
dimethyl sulfoxide, propylene carbonate, caprolactam,
glycofural, di{propylene giycol) methyl ether, di(propylene
glycol) dimethyl ether, di{propylene glycol) methyl ether
acetate, methoxypolyethylene glycol 350,
alkoxypolyethylene glycol, polyethylene glycol esters,
triacetin, benzyl benzoate, benzyl alcohol, ethyl lactate,
glyceryl triacetate, esters of citric acid, polyethylene,

glycols, and combination thereof.



