| NTRAVAG NAL DRUG DELI VERY DEVI CES FOR THE DELI VERY OF
MACROMOLECULES AND WATER- SOLUBLE DRUGS Background of
wo b@olomsaent i on [ 0001] This invention rel ates tBCT/US2008/068403
i ntravagi nal drug delivery devices useful in the
adm ni stration of pharmaceutically active
wat er - sol ubl e drugs or nacronol ecul ar agents to a
femal e of the human or ani nal species. Rel ated
Background Art [0002] Ri ng-shaped devices for
controlled adm nistration of drug substances into the
vagina are known in the art. Several such products are
al ready marketed, such as Estring(r), Fenring(r), and
Nuvaring(r), each of which provide controlled and
sustai ned rel ease of steroid nolecules (substantially
wat eri nsol ubl e drugs) over several days. [0003] One
such type of vaginal ring is the reservoir ring, which
conprises a core of a polynmeric material |oaded with
the drug substance, which is conpletely surrounded by
a non-nedi cated sheath. Accordingly, the rel ease of
drug substances from such rings is dependent upon
pernmeation (i.e., nolecular diksolution and subsequent
di ffusion) of the core-|oaded drug substance through
the outer sheath. To date, the polyneric materials
used in the construction of commercial vaginal rings
have been limted tohydrophobic silicone el astoner and
pol y(et hyl ene-co-vi nyl acetate) (PEVA) materials.
[ 0004] The vagi nal rings described above have been
found particularly useful for the rel ease of steroids,
whose relatively small nol ecul ar size and
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previ ously described, such that therapeutic
concentrations may be readily achieved in the body.
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surface and subsequent rel ease. Hence, one

di%gﬂxgﬂégggng&d?&§ervoir vagi nal rings
[0002] Ring-shaped devices for controlled administration of drug substances
into the vagina are known in the art. Several such products are already
marketed, such as Estring®, Femring®, and Nuvaring®, each of which provide
controlled and sustained release of steroid molecules (substantially water-
insoluble drugs) over several days.
[0003] One such type of vaginal ring is the reservoir ring, which comprises a
core of a polymeric material loaded with the drug substance, which is
completely surrounded by a non-medicated sheath. Accordingly, the release
of drug substances from such rings is dependent upon permeation (i.e.,
molecular dissolution and subsequent diffusion) of the core-loaded drug

substance through the outer sheath. To date, the polymeric materials used in

the construction of commercial vaginal rings have been limited to



constructed fromthe hydrophobic polyneric materials

previously described is that they do not permt
w@eosoamedizdn, and t hus sustained rel ease i n t heP@pPE81008/068403

concentrations, of macronol ecul es and wat er-sol ubl e

drugs. [0006] In an attenpt to, solve this problem of

sust ai ned rel ease of therapeuT%t concentrations for

wat er - sol ubl e drugs or macronol ecul ar agents, two

vagi nal ring. strategjes have bee roposed. The fir
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number of disadvantages associated with this approach. First, it is often cost
prohibitive to incorporate potent and expensive therapeutic macromolecules
or water-soluble drugs into matrix rings at such high loadings. Second, since
release takes place from the surface of the device, a significant proportion of
the drug substance within the bulk of the matrix ring is never released, instead
being retained within the bulk of the ring itself.

[0007] The second strategy involves incorporation of water-soluble release
enhancers into matrix rings such that water/fluid uptake into the ring

promotes the release of the incorporated water-soluble or macromolecular



into a silicone elastoner core which is partially

encapsul ated with a polyneric sheath, such that the
wepr@9e/0af12 he core contai ning the drug subst ancRCHOS20081668403

rel ease enhancer are exposed to the external
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VI a Serspective of vaginal administration of drug substances, one disadvantage
with this device, which has been specifically developed with tissue
implantation in mind, is that it is not likely to be retained within the vagina
owing to its size and shape of construction.
[0009] U.S. Patent No. 6,436,428 discloses a further modified “insert” ring
design, in which there is a bore extending into the ring from the ring surface,
and there is an insert comprising oxybutynin and an excipient, the insert being
located in the bore. The ‘428 patent suggests that each free end of the bore is

subsequently capped, and the sealing of both ends of the bore is exemplified



per meati on-control | ed mechani sm (nol ecul ar di ssol uti on
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body, said at |east one channel being adapted to
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materials may be the sane or different; and wherein
sai d ateateccbtinaen & tciigge mstdingduglease of water-soluble or

macromolecular drugs from an intravaginal drug delivery device comprising
at least one drug-containing insert in at least one device body. Hence, there
remains a need for new intravaginal drug delivery devices which allow
sustained release of relatively water-soluble or macromolecular drugs from

the device at pharmaceutically effective amounts.

SUMMARY OF THE INVENTION
[0012] The present invention is directed to an intravaginal drug delivery
device comprising (a) a device body comprising a hydrophobic carrier

material having at least one channel defining at least one opening to an



insert is exposed on said exterior of said device body

when said i ntravagi nal drug delivery device is in use.
wQ 0@e8Y31kH preferred enbodi nents of the i nvent POIUS1008068403

i ntravagi nal drug delivery device conprises first and

second (or first, second and third) channels and first

and second (or first, second and third)

drug-containing inserts positioned in said first and

second (or first, secopd and third) channels,
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a polydimethylsiloxane, and a copolymer of dimethylsiloxane.

[0015] In still further preferred embodiments, the water-soluble release
enhancer is selected from the group consisting of sugars or their water-soluble
salts, sugar alcohols, salts, glycols, water-soluble or water-swellable
polysaccharides, organic acids, amino acids, proteins, nonionic surface active
agents, bile salts, organic solvents, polyethylene glycols, fatty acid esters,
hydrophilic polymers, and combinations thereof.

[0016] In certain preferred embodiments, the at least one drug in the at least

one insert is a water-soluble drug and/or is a macromolecular drug selected



di sorders, drugs for cervical ripening/induction of

| abor, antibacterials, antifungals, antinmalari al
wa@g@neilzant i prot ozoal agents, antiviral and PCT/US2008/068403

antiretroviral agents, drugs for the treatnment of

endonetriosis, anti-enetic drugs and osteoporosis

drugs. [0018] The present invehtion is further

directed to a nethod of preparing t he intravagina
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rel eapsreeferred embodiment, the method further comprises the step of curing the
device body.
[0019] The present invention is still further directed to a method of
intravaginally administering a drug to a female comprising the step of
inserting the intravaginal drug delivery device of the first embodiment into

the vagina.

BRIEF DESCRIPTION OF THE FIGURES
[0020] Figure 1 shows, schematically, vaginal rings according to this
invention, containing either one or three inserts.
[0021] Figure 2 shows in vitro mean cumulative release profiles of

erioglaucine from devices of the present invention with water-soluble release

enhancer loadings (0) 0 % PEG, ([J) 5 % PEG, (A) 10 % PEG (x) 20 % PEG



enhancers (0) No water-sol uble rel ease enhancer (D) 50

% gl ucose, (D) 50 % PEG (x) 50 % BSA (A) 50 % HEC, ()
woeMghltes ne (formulations 1, 7, 13, 19 and 25rEmusSBug/068403

respectively). [0024] Figure 5 shows in vitro nean

cumul ative rel ease profiles of_ BSA from devices of the

present invention wth wat er-sbl ubl e rel ease enhancers

(o) No water-sol ubI e rel ease enhancer, (D) 30 %
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[0031] The present invention relates to intravaginal

dr ug [8823]v EBrepredeshopedheiaiéeyiof PHS taading@mirpleaternipiilsryipm vitro
drugs uﬁgﬁétn%rrgle LGOS %olﬂ?hgvl?e?s @f ﬂ]:?s%ql?ﬂiglalﬁf l1‘1' W 30%

whi ch’ her et of ore been di ornul ate

sust avaedsaleble adeast eotmnaer loadingvagi nal drug del i ver y

devi C%DZ yFl\Z/gluget 7u seho(\))vs t}le effect of silicone elastomer type and
excipient/elastomer loading ratio via in vitro cumulative release of 2F5 from
devices of the present invention with 30% water-soluble release enhancer
loadings.

[0027] Figure 8 shows the effect of curing conditions via in vitro cumulative
release of 2F5 from devices of the present invention with 30% water-soluble
release enhancer loadings.

[0028] Figure 9 shows the effect of including liquid polydimethylsiloxane
(PDMS) via in vitro cumulative release of 2F5 from devices of the present
invention.

[0029] Figure 10 shows in vitro cumulative release profile of BSA (1%

loading) from devices of the present invention containing (¢ ) 50% silicone,



i nventive intravagi nal drug delivery device

configuration, sustained intravagi nal rel ease of the
waowdeneres ubl e and/ or macronol ecul ar agents caPCDES2008/068403

achieved in order to treat or prevent disease. [0032]

As used herein, "pharmaceutically active agent",

"agent", "drug", "device body' Tug", "active agent”

"active ingredient", etc., are used interchangeably

o0 Bk 98 e B e 087 804 SRR Blone

st at esgop ofydfhen }U%'T’UMS YrRlatiBRAYL, 19UGH 13 respectively).
pharnaceutlcai active agents are usually organi’c but

may b[@Oii(HoFgam bl slww eheglydnogenitdsof dhe pregpophiveiteon loaded

may be. I a I

cosnéwtggﬁeg 8( é%éﬁf 5f §%E?§d8¥aﬁﬁs$ok§w38ed
her ei n, prophylactlcally active" refers to an agent's

ef f ecti veness. i j i [ tein

t he human or%E%ﬁﬁﬂﬁﬁﬁg%§%gﬂﬁgﬁggzbf@Hgﬂéﬁﬁﬁﬁgﬁhgody

AS us@U3NeTRE Presenit Weﬁ@&“ﬁe’leﬁ@é tb){nt?éifta%ri\ﬁﬁi dif§ delivery devices
"pharmaceutically effective" refers to an agent's

ef f ecuseiné eths afppiniptesdton of) den gd ithps axcewatemsdullp andier hunan
gr a%aﬁ@}bmgf%@é( r prq?%heﬁa%gll%re‘i&grer\%enﬁﬁlff 8191¥ to ﬁm&l?%dfor
ereiln, cosne 0 an agen S

ef f ec_ctulsMﬁfeasaease febed @mﬂitﬂagag’i@ﬁldﬁiig dddivety @atdeNByavirtue of the
cosnetic condition in or on the human or ani mal  body,

pr ef efEdItiye i vAgiRaiee d5livesydeviegeanfigutien ystaigdd t o
be r eilnﬁg\?sa qTaﬁ E}at é)asé{ h@%vatgr— hﬁ)l@é’nd% d‘;nzﬂr?d)rﬁgle&ﬂgr &%n{shﬁn be
|ntravag| rug e Ivery

eV|ce and may exert elr
ef f ecdichevedaroriacaltieyt @rpreyest dinsecal | y. [0033] As used

her ei “rel ease enhay refers to any nat N
when @Qé%i gﬁ“&?ﬁrﬁﬁﬁat .P%ﬁrfwcsﬁm‘&llwafgve t5pabI aegeatr drug”,

i ncr egRi g bswiugt’l Uetiveel Ras e Rfivd H&?Jdr&t’f Qfc. %r&héé@n
time period en-conpared with the cunul at’ive rel ease

of t hetedrhaggdahlyt dnd rafes enoey agent (oe prodieatbercenvapabds of A

t L ubl | h d h
o1 ol BT LR R AR a8y 65 HG I UarEpuhaf B

sol ubjnlihhbodly. 80¥h pharAacehfical®f adive abéits §£®@uﬂwgarﬁ8/‘but
w v, nore preferably greater than about 5% w v and

nmost rpmebfematgas}ncgrr@atbérhytimhlham@poalo%vlmay sprgplesdactically,
her ei fers hayj n
v o RegpUfREy SLUPL SR ElETS A oty of D
mor e mﬁﬁ erpa@hyylmlemyactlwal@feabwﬁn ARHO VW Ve iR enaID i
preferably greater than about 20% w/ v. As used herein,

" mac r&Hg) gapnst 4 dpgass s ifdhebunasominpgogy, preferably the

mol eGy}Af, Mﬁ'_yg Bl used herein, “therapeutically active” or “pharmaceutically
effective” refers to an agent’s effectiveness in treating a disease state in the
human or animal body, preferably the human body. As used herein,
“cosmetically active” refers to an agent’s effectiveness in defending against
or treating a cosmetic condition in or on the human or animal body,
preferably the human body. Such agents are intended to be released into
vaginal fluid by diffusion out of the intravaginal drug delivery device and
may exert their effect either locally or systemically.
[0033] As used herein, “release enhancer” refers to any material, when used

in combination with a drug, capable of increasing cumulative release of the



of nore than 400 Daltons, nore preferably nore than

1000 Dal tons, and nost preferably nore than 2500
w@adowoeH25 As used herein, "sustained rel ease' "PCHIUB2088/068403

to the ability to rel ease a drug substance over

relatively |long periods of tygf for exanple, multiple

days or weeks, including 1 - days, 1 - 14 days or 1

- 28 days, or |onger, thereby redu0|ng t he dosing

frequ nc As used her ej har maceut i ca effective
oo Far R eet s REHLU e G~ HB o R e g of
aboutha deesh HRCLRERRRY RClkicase dIMGRAARP. eygt heat@LsofbdRIdae
result. [0034] The first enbodi nent of the present

i nverhareer’sasdise@bereth is ennrel¢ase erivaginas dafingd ableve) hevipg

nycr oghoor i r and BleEa PR g RN SBALE' O Pore

channgtfegiy bieh@r Ban hBARISB MRy SREMbRPrdfBraBly G¥AtEN thek about
of said device body, said at |east one channel being

adapt ¥We v . rascesed degin, [“wast-selnbledreg refont @i Ay rgug having
oo s, 47 P BB MR RSO AR arcaer

channdhn atsait d0Brwig-a00 Mt piefigablin gesater ieinngocedigb hév.0As
releasing a. pharnaceutlcall¥ effective ampunt of at

| eastUsethBeGH gm§€ﬁ°F1§ﬂﬂCélaF o’fe 'hi¢ ROk IARaving a molecular weight
adnmi %ﬁﬁ{ tt]?a%rh()@@alfbﬂgt efibly 8RN0 Daltons. and most
wat er - sol ubl e rel ease e cer an anount rangi ng

f r om @bieub] Yl foteothalp 350 D@l%risy A/selsgmherem Saiscinet réleast’
one dr con ai n sert | east one.d and

o o Tl B Bl R v e S8 relR Rt i of
di spegf&dol fkadipld, 'ﬂ%ﬁﬁ_}%le Qayd draledkBliBEIL@he 1 ThEBdays, 1 — 14 days
hydr ophobi ¢ and i'nsert carrier naterial S may be the

same @rl A8 dagfsecrrtlonmdhcmby edutipashe doing frequency. As used
drug alge\cr;flgtg Z‘lp@%rglgacl ntzc%h%/ ﬁgf%c VepaOS od unt ﬁrgfetr hF’o aenx%lg?run? 8f c?rug

t he A

devi ceqiied tB buis ab&ﬂ%&iesﬂrd&'@@bbl@ﬂﬁdtm tlfefh@eﬁ’tﬁyd)l%sﬁ@ﬂd result.
of the first enbodi nrent has at | east one channe

def i lOAHathe Bess embpdimspieet the PreserdineRtien jsshiregfed tpan

d

ocen SrEEs B3R A0SR L SRR P PP G NI e
f or madydrsphabidedirte nbmbal hamag atleadens ulmmalr‘delﬁaiﬂ gyat least one

perpendi cular to t pl ane of the device bod
channRACBINGL) 2p éxtrﬂa%%gﬁtﬂn Qel‘flcﬁﬁl?d&r%%ﬂ@(t dgasbeneghppne el being
res peaQitaFtteQ td Fb%elqg\!d Egstgﬁgﬁmg%dﬁ'tdlﬁﬁg Ynseﬂhéﬂde(b Qﬁeast one
i nternal shape of a channel “is typically columar or

cyli nii’ngﬂamtammmmt posmeoneth én fad atdldast nnahgllehaypanal channel,
capabl i Vi

compar by SRERE gt BBRE S RPHHES T4 L P magrly

exanplffecAle 4SurbAREleast one drug suitable for intravaginal administration
and containing at least one water-soluble release enhancer in an amount
ranging from about 1% to about 70% by weight of said at least one drug-
containing insert, said at least one drug and said at least one water-soluble
release enhancer being dispersed in an insert carrier material. The
hydrophobic and insert carrier materials may be the same or different, and the

at least one drug-containing insert is exposed on the exterior of the device

body when the intravaginal drug delivery device is in use.



channel may take includes a cone. The opening at one,

or both, end(s) need not be circular and, for exanple,
woregodfoesieval in shape. In certain preferred  PCT/US2008/068403

enbodi nents, the device body has one, two or three or

even up to ten, channels in m@gch to receive one or

nore drug-containing inserts nd the present

i nvention expressly includes intravaginal drug

deliv devices with mare t a t hree such channel

e e PRYgl B R gyt AR oyt bt BET Rt mra T gt feast one
S howrbh'aﬂne!f Idgﬁﬁlﬁ% he leWi e Gﬁérﬁné {'ﬂ)asﬁl X&idy B@Hﬁ‘ﬂevic@ body. Each
present, each channel have the same or different

or i enthaniedns wemtonrcelsp@@tmmbq brenroa h@tlplead@) oWhilnehannels are

the SSRETEYrery ar S ftiop S s S RB oSG2 Rifar o

Addi ttheaalid Ylanealhe aBABNBYdyTBYANMER tha\yeoeatbrﬂl&ﬁﬁllth @ﬂy:
dr ug- contalnlngllnsert When nore than one channe

pr es eqitentatign vdth regpest toah@d@mg@sim ARilpdy.ivislerthe internal
t
T oot P BRR SR ARGy KA BAIBILARAHES GRHFeI hay be

i nse rfbnﬁahmadnlyaﬁapd’baﬁﬁiﬂé bereceivanneleast oredideshapadtten
nore than one drug-containing insert is received by

a
gi verfosPaHRkrshapekdiygegniamingigset(sh aupther %@Pk?eoft%shape a
sane Q. h I
ol o b SH AR inck B3 donEl T BEANEEH SR, of 4 end(s) need
invenﬂnbncahﬂmnmdnﬁnwssspbtnmﬁhsbvdmmsmmmglmonmalmwﬁ@fd

i nsert.. The at ne i.nsert is sitioned in th

L ettt e S ee TR a® G B oBBRgs P etiuh lyteh”
Mannehafgeld K BHER ﬁ?re@élvé 8RSt B8R RRElcHiaihiR ih@$RI dndth@
the opening(s) at the exterior of the device body.

Each praser inveesigpraxpeessly ingdedes infpivainel dreg deliveredhvaerserith

and is ¢ grceut | |1y

o eutob PR ush bR xS RAR ARFESL e ling e

vagi rtallamaedmlelsﬁwlain Biufe00 3®her A rélthdf ohé clin@SIER prdsént, each
the insert in an anpbunt effective to rel ease a

phar rehaeial inay haye defsapeioy diffarent pricpigden Wil repsctdy the main
gggf Sﬂ’l%%!l }Ifwhé’]dé%ﬁce%g {hfé?%g logglrffeg&mo9§?h'gha%e%9&%ﬁe Qme or
0. 05%1ffereab@xtﬁralBﬂl%emé1M9f the insert and nost

W o OO AREER A et g SN a6 G Crue-contining
o s bl gho sty e
presemmunmngntMnomnmedho&&xm@m&ﬂ@ewewnwmmeﬂmgghmbke
(defi cﬂffgrenp c?ru tha%nc f/: gtrlegstc one gr %ncgln%?nlﬂlg msert contained in another
channel. Likewise, when more than one drug-containing insert is received by
a given channel, the drug in those inserts may be the same or different.
[0037] The intravaginal drug delivery device of the first embodiment of the
present invention also comprises at least one drug-containing insert. The at
least one insert is positioned in the at least one channel of the device body in
such a manner as to expose at least one end of the insert via the opening(s) at
the exterior of the device body. Each insert comprises a water-soluble release

enhancer and is capable of releasing a pharmaceutically effective amount of

at least one drug suitable for vaginal administration.



(defined above). Typical drugs in those categories are

i ntended for the vagi nal protection against H 'V and
wordenodsagi nal i nfections and mght include vapCTEB2008/068403

anti bodies or alternative mcrobicidal drugs. Typical

drugs in those categories incl ? wi thout [imtation,

proteins (such as peptides and polypeptides acting as

antibodies antigens hor nones or enzynes) RNA- or

cul.es, vacci nes, co
Dhor JBPS8], TR s By i wosee Tndn ROUAN Sk e lease a
and Hﬂial/rﬁ%éhhga@@)effe@ﬁi/@Qﬁ@uﬂﬁ"(&e!?ﬁ@& abdv®) t;ﬁ&ﬂe%ly in an amount
anti bodi es, antigens, adrenocorticotropic hor none,

angi oregisg iﬁrorrb@toat eAdbfphiabout S0Gow/ W .anere pecfeiabhyrerging from

ool Dk Sk S50 AL R PERL A i

des NopsRSE6u,0. B HIelabsut %%&Mat the.ingityt hr opoi et i ns,
gastrins | ucagon, human atrial natriuretic

pol y8R#91aPrugssuiatilefanatravagmal adminigkrai@hwhighcar be employed
gr O\Mlﬂ t eﬁgtquﬂ? Sne tha %r +ltnglkllllé’]l§lS?A g)tr glké]inzthﬁgfelggt{t l}'111)\;¢]:‘§1‘510n are

rel ease hornone, ona Ies anoc
st i muhadel d@gslhaednm&r- solubsnidkfinkdoehot & )ded/oreu mbﬁmolasnular
oxytocin, parathyroid hornone, peptide T, secretin,

somat @RBRAdRPOVR) hipislidipgsin thasg categorigsiarg intgndeg for the vaginal

ho_r W@tecﬁm {gﬁrﬂ'sijﬂ'lv ah& loﬁl%?’v nzﬁ?ﬁf‘gpt%s ah{l]}ﬂ{lgﬁtrlf?ﬂh&b vaginal

Sti ating none, vasoactive intestina
poIypﬁmbbdesowﬂ&mmﬁ@ssﬁnnbﬂhﬁlﬂhgbrTaﬁaﬂa@wﬁsndmme
derivatives, ocl onal, anti bodi es i ncl ude,

Gt heteabrRs ingkiEmyigoy TREAG e g Mo ke gt fbsdas and

ritu & detixd H@thlbbﬂﬁ§tdﬁ¥1g%bhoﬁ%l3é BATBDmes), RNA- or
onalizunag tosi t unomab, efalizumab, and cet uXi mab.

ExemiDiéiAybaaml n@@slesncalcudes, aml @mbmamcpnmthfa@@fon

vacci a tes S

e DB B AR PR iR iRg AT R Bhtpridey ngiuge
al phayitigtar hiefpeabh, nabadies, a@tmgisne REREdnoBoied PopiEXSIMIINA! Y
interferons include, without limtation,interferon

al phaAnziptensy betateadpiphisn bigog hactorn, banpresing ealeitpnan. shlgitopin

+ b '

o oA R B GEEREET 8sy EN AT ET R
Ex enpdeamypensinll dndsthelie |eriklephalin tdﬂjbtlhtoplolemiint @astmns, gluca gon,
regul ar |nsuI|n i nsulin Iispro i nsulin_asp

i nsul 14 amglae feti“s%ﬂé?ﬁ@ F-ARIGITPRODS i pgHin; %Foéiﬂéffagi%%
i nsul rawﬁ?ﬁcﬁfﬂoﬁes ?Iﬁgrléﬂkﬁﬁdlu't&ﬂiing%rmg&e@a% B{ormo‘ﬂgd

factofs I nclude, Wwthout [Imtatio
al t ephamyldrmhaﬁtb@piiea,sraelamtytdmmmt@dtommom Inguramyl-dipeptide,

|EIX renn{)lif'?l?%ﬁ?s?rl, %Qytogitnl, Ir)rz}'lrgt%ty}ori]c? h(];r%%:otn%r g’epltlge lTu secre‘uvr\{I thout
somatomedins, somatostatin, thyroid stimulating hormone, thyrotropin
releasing hormone, thyrotropin stimulating hormone, vasoactive intestinal
polypeptide, vasopressin, and their analogues or derivatives. Exemplary
monoclonal antibodies include, without limitation, HIV monoclonal antibody
2F5, rituxumab, infliximab, trastuzumab, adalimumab, omalizumab,
tositumomab, efalizumab, and cetuximab. Exemplary antigens include,
without limitation, vaccine candidates such as gp140. Exemplary

erythropoietins include, without limitation, epoetin alpha, darbepoetin alpha,

and epoetin beta. Exemplary interferons include, without limitation,



filgrastimand pegfilgrastim Exenplary growth
hor nones include, without Iimtation, sumatropin and

w0 2@amediedpi n. Exenpl ary interl eukins include, P@I/URIINS/068403
limtation, interleukin-2. Exenplary growth factors
i nclude, without limtation, ﬁéat el et derived growth
factor and basic fibroplast growh factor. [0041]
Exenpl ary RNA- or DNA-based nol ecul es include, w thout

nucl eot i.des, ner s

[ m' tation, olig
VRS ETRHRR B BTGP AGTRRRSTF BFOTLAERGRD + rbavirin,

VaCC' nRtHeRh ASR- I‘a?»&)egﬁ%tlé@hﬂté’rfér[)ﬁﬁﬁﬂh bh &l tel R f Rl 'Pa? afld
m crobi cidal activity against sexually transnitted

m cr ootegfarinsimgy. Escampliysnoding inchidentighaut ding tating, regular
associ at,ed. i m.ted

o TSR I BOP B ey b e g Ralna T

her peigsfinn@h@ieVinkslsn {ddSMir, dddf ikl @ivubid I lary blood
papi |l l oma virus (HPV) infection. [0042] Exenplary

vacci iaeers ingndel evithgut Waiiation, giteniaseenecigplise and Jihg Yus factor
t h
D SRR B S RRIAL MEGAEY ARl

bact efiligadstimamdipeglergsahy Saeatpddary desyth thohmaises 1nclude without

extracel l ul ar capsul ar pol ysacchari des, and ot he
vacci 1}\‘(@1‘[%}5}151@ gfrgat{qumg}d FrHENatkoP e a‘%}%eng)[l%y 1nterleuk1ns include,

dru 0
g- &gﬂf 1&90 riﬁt%flgulé{%—gh (;E%ecrgmr%%dryﬁ gﬁavﬁh FARAS incPRR, without

wat er ease en amount rangi ng
from lahmaitonl%atedﬁtaibﬁmd g0%h faotoe apa biser Alloplabtr oowtbiaator.

1%t uf, 609% nos f er.abl ram about. 1% to

abouttoBEth byt ar of haf-udh oty Tada igort
Macr oo 8higonubBRoddes! SRS he@NGo I3 HGs, AONAR)REIEhd small

insert conprises at |east one watef-sol uble rel ease

e n h anioterfeiing RN erbureithemyagringtidr agnmabeumallpsransmatsesut

rom. bou % t about O% and
e Rl S ARl O ARG s b RS o
of t hﬁlcwlﬁr%z[rﬁsmﬂekﬁﬁp\lai bf/ﬁich infafierns bhe aﬂ;bbﬁ@ted&mcroorgamsms
wat er - sol u the at | east one drug-containing insert

conpringlede. dut g Aot lipiehit BHmep INBNBodesicieask VErhdHYar

" TR AR (0 AR AL PR B P

pr ef e(lebl’)yinifemm about 15% to about 55% by wei ght of
Further alternatively, the dru

th
vat e'rl{@gi luBrEmBIAY YRSEPEHIEREE Ritout ﬁgntéflom Jdile Bl particles,
drug- &Qﬁhﬁh%t'f)gotkfﬁ %Bulﬁ?@%ﬁéll%eﬁlcﬁtas tlgﬁ@lsg]p]t an g%p140 DNA

wat er - sol ubl e 'rel ease enhancer in an ran

f r om aooines, pE%mids, bistartal va&dnesppadysaccharides such as extracellular
capsular polysaccharides, and other vaccine vectors
[0043] The at least one drug-containing insert also comprises at least one
water-soluble release enhancer in an amount ranging from about 1% to about
70%, more preferably from about 1% to about 60%, and most preferably from
about 1% to about 55% by weight of the insert. When the drug is
macromolecular, the at least one drug-containing insert comprises at least one
water-soluble release enhancer in an amount ranging from about 1% to about
70%, more preferably from about 1% to about 60%, and most preferably from
about 5% to about 55% by weight of the insert. Alternatively, when the drug

is water-soluble, the at least one drug-containing insert comprises at least one



preferably from about 15%to about 60% and nost
preferably from about 15%to about 55% by wei ght of
wo b@oiosHest. [ 0044] Exanpl es of water-sol ubl e PET/E8268/068403

enhancers include, without |imtation, sugars such as
nonosacchari des or disaccharlqgs i ncl udi ng gl ucose or

| act ose, or their water-solubl'e salts; sugar al cohols
such as mannitol; salts such as sodlun1chloride

or sodiumcitrate,

it e VEH HRHC Giiedh BTNl RABTE B LE Sl s 15% t

pr ef efiabY ’YO% Shbidl ReRrB8/ frUﬁta'bM@tSIS%JFJ‘a%%t 60% and most
croscar nel | ose (cross-1i nked car boxynet hyl cel | ul ose)

or hymﬁm@oéx ﬁx]mmé)bumi%,eo alwug adfied yawediglet o§ wlashinsggt. Further
ascor Q jacids uch cine t ei ns
ucn GeTEraY; nBOL PR G AR R AR aRR e Ry oo
agent gie dvbd-Cordining; 1n§&1gﬁl)|ﬂiﬁ1s§@it\l%t Sne WhteRs@bble release
ethoxydlglycol pol yet hyl ene glycols; fatty acid

est erahanses freaaBNguIe GHIZH airony aboutd S%twgb?p‘?ax B, of

wh' c%%aby b BILEI S 8 SR BI4! Litfing ﬁ{pg{;ggﬂy fr6in about

rs's as po yV|ny pyrroli
poI yeli%/ltceaﬂﬁ)ugﬁg%cﬂy werEd)of tlenidseeonbi nat i ons t her eof .
Exanpl§24of preferred water-sol ubl e rel ease enhancers

i ncl U834 nFrapRies pi WiieatqIBble releryscahanget iggude, without
MONOSRGERR (RS QuchhSAGH E Eidles Hﬁ&a‘é@l‘uﬁ‘ﬂie@fﬂ&ﬁ ifo OF

| actose, or thelir water-so e sa wat er so e°or
wat er glsmb bablc@spoalrylwcwhtar scdelsb sgtsefegaablcyhde buahl ags e
derivatives suc scar nel | os C ss lin . .
car bORPARORyRLEH R e g e oLt g gt P gadiom citrate
am NOgl 316l Syt ClandTe & WakP Qe BHRL R iScdHdFifle2pred@h@l i NS
or album ns; hydrophilic polynmers such as polyviny

pyrr meﬂldbﬁ@df(rwp)vemudp ob yl@swmeﬂ@segclyb@%hnl(ddEG) and

conbi nations. .t
vt or SR IEN e EdRErh AR B st g

r el eageodithant; @ffind fid{y¥uoh @k Bybids estotbiniguciags di@hs or
woul d serve to protect (via a conpetitive nmechani sm

t he cHming oS gukce agihadaenterPilsrsatisPsgagic wbyeass such as

of a SRS %i[gﬁ’%/c%? Lﬂo et ler\% Jo]ss ?zgt;ipzlc d ?%&Q r&%?a%?fcontatmmg

predom n end dhanne
whi che tml()’ttarﬂid'meatﬁnd((ﬁ whadh inkestale ld-gtem(mé ptelﬁ&rmgl hydeptiilic

i s/ are expose 45] rpose o
wat erRA¥ners |S%q%@| I@Q%Vénsémgﬁﬁi nedBMPéPheﬁyeWﬁ%gkyra%l (PEG),
i nser,gi c%n{b%a@igﬁth@re%ﬂuEQéfﬁplgé yﬂ;qefeh@& Wér@emw&t@fease

itselt) and thus enhance the release of

t her ambedecs iaglede,. withouh b tatien, nggdso st alsynctnhmlyandes or

'S disaccharides, including glucose or lactose, or their water-soluble salts; water-
soluble or water-swellable polysaccharides, preferably cellulose derivatives
such as croscarmellose (cross-linked carboxymethylcellulose) or
hydroxyethylcellulose; amino acids such as glycine; proteins such as gelatins
or albumins; hydrophilic polymers such as polyvinyl pyrrolidone (PVP) or
polyethylene glycol (PEG), and combinations thereof. Glycine is a preferred
water-soluble release enhancer. Albumins are preferred release enhancers for
protein-based drugs as they would serve to protect (via a competitive

mechanism) the drug from various degradation processes. Release of a

macromolecular or water-soluble agent occurs predominantly from the open



t hought that the water-soluble rel ease enhancer

attracts aqueous fluid under an osnotic gradient. In
wag@9/ooiies i ntravagi nal drug delivery devi ce of P€TES2008/068403

invention is inserted into the vagina. The vol une

defined by the vaginal walls i s the vagina

envi ronnent and cont ai ns the'&gginal fluid which

i ncludes water. In use, the vaginal fluid contacts the

expose ur.face of the jnsert and th inal fluid .
o PogLS OF e Fadisss BovhiR Sofe kst (el BRUER ginitihie insert
| nseri/arcaipeidag pores to formin the insert. The

increased porosity of the insert brings a greater o
sur f dO84Hr Bae phrpokreot the svaterisplublegolepsecinhaideh certained within

vagi nal . fl uid ecificall . Q... the t of. .t he

vagi il i SRS b i Fadoqing Nt Rl B g Snance
and tihe raredse bf gelthizhseude Ugsnt! Witions BéiMe bbuhd tethvagi
fluid of the vaginal environment. [0046] In a )

pr ef ehpeght S 81 Wasert sobyble Frdeqse gl rRttrackeagaeoysgfhye under

¢ | ‘ . .
one B RERRE YRS 4 AR RRSERAARILENER S ALK
f r omiavehtiog idimkérwelriytodty v eginaf Thd el pmhe defited bywaa b aginal

conprising a single insert having_a di aneter_ of 3. 0mMm
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preferred embodiments, the at least one water-soluble release enhancer
achieves cumulative release over days 1 to 7 under sink conditions at 37°C
from a drug delivery device of the present invention that is at least about 10%
higher, at least about 20% higher, at least about 25% higher, at least about
50% higher, at least about 75% higher, or at least about 100% higher than
cumulative release from a drug delivery device comprising a device body and
a single insert having a diameter of 3.0mm containing less than about 1% of

at least one water-soluble release enhancer.



suitable for use as the insert carrier material are

di scussed below with regard to the hydrophobic carrier
woraioendxks of t he devi ce body. For exanpl e, thePCTIES2008/068403

carrier material may be a silicone el astonmer such as a

silicone, such as a 40:1 n1xt35e of silicone el astoner

base MED- 6382 and a suitable ossl i nki ng agent such

as tetrapropyl orthosilicate, to which a catal yst such

as st us, oct oate cat al 0.5% w.w). was ded.
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about 10% by wei'ght of the i nsert. used herein,
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rel ea e i ng..wat er sol ubi
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rangi ng from about 1%to about 25?§pﬁore preferably
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rug-containing rn
phar naciesithobizl 1hgertammtrmhé1&1ftcb tHee;VatetrexomHkamSé étﬂlancer as

nmechanj cal strength of theinsert. may. be
t he s\ﬁﬁlebeorﬁa%[sf FRBFsited PooReOtrqrelingry s@ﬂbr@@@m _rﬁ’ is s feature
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used 1n'the insert wl epend on the desired
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an amount ranging from about 1% to about 25%, more preferably from about
5% to about 15%, and most preferably from about 10% by weight of the
insert. As used herein, “non-water-soluble release enhancer” refers to any
release enhancer having water solubility at any pH at 37°C of less than about
1% w/v. One suitable non-water-soluble release enhancer is silicone oil in an
amount ranging from about 1% to about 25%, more preferably from about 5%
to about 15%, and most preferably from about 10% by weight of the insert.
[0050] The at least one drug-containing insert may optionally comprise a

pharmaceutically acceptable filler to enhance the mechanical strength of the



wei ght per 100 parts by weight of the insert. [0051]
Preferably, an insert has a cross-sectional dianeter
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[0053] In a preferred embodiment, the at least one drug-containing insert is a
substantially cylindrical rod. More preferably, the insert defines a right
circular cylinder and at least one end of the at least one drug-containing insert
is partly or fully exposed, in use, to the vaginal environment. Optionally, the
at least one drug-containing insert is substantially circular in transverse cross-
section and extends substantially radially, inwardly or outwardly, through the

device and, in this event, the insert has a length from about 2 mm to about 10

mm. While the insert preferably takes the form of a cylindrical rod, the shape



via the free end(s) exposed, (ii) the dissolution and
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the present invention may have any conventional design

as a tbisarxpargd’ppirface ajeae. , they may be of the matrix,

shel | reservoir design. See. e.qg., T.M Jackanicz,
Vag! 19PSH IR B br SR Rl el e Bifmed ¥ pehREI M
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of anheanistaMesdugoiventdramady begrepated atdevatedlsempaiatures.

ring rising a.core and_sheath), or shell ripg
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devices. Intravaginal rings of the present invention may have any
conventional design as a starting point, i.e., they may be of the matrix, shell
or reservoir design. See, e.g., T. M. Jackanicz, Vaginal Contraception: New
Developments. Harper and Row, Hagerstown, pp. 201-212, 1979, for a
description of various intravaginal ring designs.

[0057] Regardless of design, the intravaginal drug delivery device of the first
embodiment of the present invention comprises a device body that takes the
form of an otherwise conventional matrix ring, reservoir ring (comprising a

core and sheath), or shell ring (comprising a central member, a core and a



t he device body, i.e., surrounds other device body
conponents, contains openings corresponding to the at

wo e@sioee channel so as to ensure exposure of PCTES2008/068403
drug-containing insert to the exterior of the device
body and to the use enV|ronnqu When present, a
drug-contai ni ng core has such shape and position
MAthIn the device body so as not to interfere with the
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For exzil{;{getﬁylpentene poﬂrbutadlene and mixtures thereof. For example, the
hydrophobic carrier material may be a silicone, such as a 40:1 mixture of
silicone elastomer base MED-6382 and a suitable crosslinking agent such as
tetrapropyl orthosilicate, to which a catalyst such as stannous octoate catalyst
(0.5%, w/w) was added. Device bodies made of such polymeric hydrophobic
carrier materials provide rapid release of any small substantially water-
insoluble drugs when present in the hydrophobic carrier material of the device
body.

[0060] Suitable non-polymeric hydrophobic carrier materials include, but are

not limited to, pharmaceutically acceptable low-melting point waxes such as



may be di spersed within a [ownelting point wax and

nol ded at | ow tenperature into a shape conpatible with
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hydr ophobic "carrier material and/or the insert carrier
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elastomers at room temperature or higher, following the addition of cross-
linking agents in the presence of curing catalysts. Other silicone elastomers
suitable for the hydrophobic carrier material include addition-type, two-
component poly(dimethylsiloxane)s which are platinum catalyzed at room
temperature or under elevated temperatures, one-component
poly(dimethylsiloxane)s, and silicone elastomers functionalized with fluorine,
benzyl and other moieties.

[0062] In preferred embodiments, the hydrophobic carrier material and/or the

insert carrier material is a polymeric material selected from a silicone
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w@aowioer12srat eri al and/ or insert carrier materiPBCT/US2008/068403

commercially available as Nusil Med 7.6382 from Nusi

Technol ogy, Carpinteria, Califgrnia, USA. [0063] If a
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agents,dradsy gauf:ﬂatelmremeerfaep hatehendxcipi@itagich aganfigion
and degre55|on agents, drugs for the treatnent of

pr emeiABIDHQES| PYPHAhenhapgay v Tsofubke Kefeasy erbancess and
genlg%nﬂyﬂﬂghylgh§9rders drugs for cervica

rlpenlng In |on of | abor, antibacterials,
ant i f[0063 At leastanealiay SLﬁﬂab]agefﬁhﬂaV&gﬁliaﬂ pledse fioal the device

agents, antivira antiretroviral a ents drugs far
the tHCARRE C@P|°éfﬁ@i F QP Presginy %S@gga%lﬁgo

ost eCiHQﬁlQl%h ?n gl% $@vice BB@J %%sx tﬁngﬁl\f/' s‘ﬁﬁal:h@%f c@ﬁ{f@ltloﬁal

present 1In
formulatlon i.e., drugs not considered water-soluble (as defined above) or

macromolecular (as defined above). Such drugs not considered water-soluble
or macromolecular, and referred to herein as device body drugs, include,
without limitation, contraceptives, pain and migraine agents, drugs for
hormone replacement therapy, anxiety and depression agents, drugs for the
treatment of premenstrual syndrome, drugs for the treatment of genito-urinary
disorders, drugs for cervical ripening/induction of labor, antibacterials,
antifungals, antimalarial agents, antiprotozoal agents, antiviral and
antiretroviral agents, drugs for the treatment of endometriosis, anti-emetic
drugs and osteoporosis drugs. Preferably a device body drug is present in the

device body in a pharmaceutically effective amount. Typically, the amount



devi ce body in a pharmaceutically effective anount.

Typically, the anmountof device body drug used in the
walewvoesikbdy ranges from about 0.005% t o about PEBUS208468403

and nore preferably ranging fron1about 0.5%to about

50% w' w of the device body. a certain enbodi nents of

the invention, a drug may, in Lddition or in

substitution, be present in a sheath in an anount
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Choatdl teyogegh Bhepram he envaouptoes atp ot 00sr o
I ntr ayRgi 6k v&r/%l %ﬁﬁﬁofer Iﬁ‘@%‘e{fﬂ)@y ﬁﬁ?in%?rokﬁ@ dout HI¥er %ﬁf@ﬁthO%

or both, include, wthout |imtafion, desogestrel

di enewty of the dﬁ@t:mwdm iInigertah eﬁé@ﬂﬁmt&ﬁf th‘esntvpmtmn a drug
estradi ol.- etate, ethinyl estra onogestre
gost ctundt HAGEHE BeuBlh PR LEPHLIrSy sl TS
medr i @he GOS8 A0ane.08cR@kBout®BSE WARNGT the sheath.

nor et hi st erone, norgesti mate, nonoxynol -9,

nor et!Pe8leExseraplapesoatraceppi oyyeiable dprantraaging faleasn & om the
testo (
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i ncl ydBadigl. elpgeesiiehiceHedeas,; lewneyensBeh MeAryRI8ESFIaNe,
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nor etHFelesInz acepeeyred BbTRone. ST 1435,
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Exenpl ary osteoporosis and/or hornone repl acenent
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partlculate filler materials may be used to enhance

t he nEssiedenc: éﬁvoa@rrgémﬁl Husnizing herenane aelseidne kprmone.
S h eat Iﬂjretﬁis elr ?ﬂé{hgsqgjo %&Eatgsﬁ? e@f‘étdﬁ%eST VY'4§? qgsgosterone,
) I"n endl ng

imtation, rC|n or ex
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bl ack. The anmount of l'er (when present)
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such as raloxifene.
[0069] Suitable particulate filler materials may be used to enhance the
mechanical strength of the device body or the sheath. Fillers suitable for use
include, without limitation, finely divided, reinforcing or extending fillers
such as high surface area fumed and precipitated silicas, clays such as kaolin,
crushed quartz, diatomaceous earths, calcium carbonate, barium sulphate, iron
oxide, titanium dioxide and carbon black. The amount of filler (when
present) employed in a device body will depend on the desired properties of

the finished device. Typically the amount of filler ranges from about 5 to

about 35 parts, and more preferably from about 7.5 to about 27.5 parts by



the finished device. Typically the amount of filler

ranges fromabout 5 to about 35 parts, and nore
w@e@beoxrks y from about 7.5 to about 27.5 part SPCT/US2008/068403

bywei ght, per 100 parts by weight of the device body.

The sheath can contain filler in an anmount rangi ng

fromabout 0 to about 35 partg by wei ght per 100 parts

by wei ght of the sheath [ 0070] Suitable diffusion
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fill epagts bteraaglitioé theathoath) ; accordlngly, t hey act so as
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the device body prior to its release fromsaid device.

[ 007 1gxCHi BHF eftemeontaiapd @e%@leﬁ‘&ltqnér@“é%ﬁﬁﬁbé paMerEptepils

used t

Lo ok RIS SRRl SRR U3 B e e
act i viertagitytcs thehdiffubiand pathr a\earastivd goedt, fiecincodnsé I:he
arran enent of epithelial Iipids such as oleic acid or
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vat er s s@bdiiliRe b8t RAR: BRANEC L Siblebitebeod he@Fhngement of

wat er - sol ubl e rel ease enhancers may al so be incl uded

int r@lthemlélelcmdgh ay gleigacidoirpgents Hesdireidyylaffeet tight junetions

art ap te.that,care nust be taken not to use
t 00 \#’ GHee ‘%%gggl ﬁcalsolflﬁ%Pvm €& excessive swel ling of
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However, the use of water-sol uble rel ease enhancers in
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rates compounds
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%%/ a ﬁfaﬁmg,
t he sanme as ussed above wth regard to the 1nse
When cphca‘s,esnptequ:s sivieewelling of the intravaginal drug delivery device would

ensue. However, the use of water-soluble release enhancers in the device
body will not provide for effective release of water-soluble drugs or
macromolecules; rather, the release rates for those compounds that may
already be effectively released from a conventional device body may be
modified using the same water-soluble release enhancers as for the inserts.
Suitable water-soluble release enhancers for inclusion in the device body are
the same as discussed above with regard to the insert. When present in the
device body, such water-soluble release enhancers are typically present in an
amount of less than 10%, optionally less than 5% and further optionally less
than 1% by weight of the device body.



devi ce body, such water-sol uble rel ease enhancers are

typically present in an anount of |ess than 10%
wopimwooEksy | ess than 5% and further optional | pCT/E8S®08/068403

than 1% by wei ght of the device body.[0073] Overall

the geonetry of the intravagiggl drug delivery device

of the present invention nmay & chosen according to

theoretical cal culations by nethods known to those

skill [.,n the art such th t he desired ily rel ease
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most preferably from about 5.§?to about 9.5 mm and a

cor e hemgichregfiarhetoneiaiyelgrabdy fromabout | Robonty MOOTAE A
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devi coaces ameti Godsettighal diagleted b odmmdLt Do 403@t 10 mm, more
i nvention, the nethod conprising the steps of

mol di pgferabty Hgarabpriohe & ehauf | @ mmemeyt p@ﬂferﬁhlﬁfﬁél? %@Mﬁﬁ to
of thg fdeys (fr?mb%giyaa%?% ieegg{hgoof%}onll et 290 Gb&1300 lm. and

(b) inserting t ne drug-containing iInsert

I nt o b®4]an eeastenthreirndrant@le meweht inkedtionhie directed to a method
drug-containing.insert is exposed on the exterior of

t he d¥VATGRATHEE) .1nt€9ﬁta$18?ﬂéff}l% ,éelf‘f?éy fAetifforrcardingie thetthd

enbodi fRRimal 3P deGl MRS, &HB %éﬁcﬁpco‘ﬁ{eprféﬂ{g R skPEAGY SRIing
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body. In a preferred enbodi nent, ophobi

carritbe h;m'op]ndtm cirgeiamatelialsih dimeform offtlieedavade bodmtefising at
23: ? :lgfls\go%eg%l?aglgélte g&%gbg gtte]ﬂzgléﬁlg%\{ea z?tl lgas{ 896 grqlg—%torqg{ning insert into

the at least one channel such that the drug-containing insert is exposed on the
exterior of the device body. Optionally, the method of the second
embodiment also includes the step of curing the device body. In a preferred
embodiment, the hydrophobic carrier material is an elastomeric material that
is molded with at least one removable rod or other suitable device to produce
a continuous, annular ring body with a corresponding predetermined number
of channels. In preferred embodiments, the molding step is conducted in the
presence of a catalyst. The insert may be prepared by mixing the drug with

the insert carrier material (optionally, an elastomeric material), followed by



a continuous, annular ring body with a correspondi ng

predet erm ned nunber of channels. In preferred
weedodoirent s, the nol ding step i s conducted i NnPCTES2008/068403

presence of a catalyst. The insert may be prepared by

m xing the drug with the insert carrier materi al

(optionally, an elastoneric nﬁﬁer|al) fol | owed

bynol di ng and then optionally curing. In another

preferred e i ment , he L ns e.cured in si
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t he t hod of the second enb dlnen t he inveption.
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7 dayigtrayaginally pdméstering a drug tog feragls oger 3 pisgeiprmiged me

as 1 I%erfgﬂgg n_@lg}c{ﬁl n%ﬂfetgt%?@fl hyert]fn tthntga%X%mﬁ[cg’ﬁ%%L%\gzry device
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[0078] Specific embodiments of the invention will now be demonstrated by
reference to the following general methods of manufacture and examples. It
should be understood that these examples are disclosed solely by way of

illustrating the invention and should not be taken in any way to limit the

scope of the present invention.

General Method of Intravaginal Device Manufacture — Examples 1-3
[0079] Silicone elastomer base MED-6382 and the crosslinking agent
tetrapropyl orthosilicate were blended 40:1. Stannous octoate catalyst (0.5%,

w/w) was added and the blend injected into specially designed vaginal ring



General Method of Intravagi nal Device Manufacture -

Exanples 1-3 [0079] Silicone el astoner base MED- 6382
wa@p@onbE2Er ossl i nki ng agent tetrapropyl orthosPCT/U81068/068403

wer e bl ended 40:1. Stannous octoate catal yst (0.5%

w w) was added and the bl end igjected into specially

desi gned vagi nal ri ngnol ds. “mx was cured at 800C

for 2 min, producing silicone elastoneric vagi na
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and a Channel insert diameter of 3.0 mm
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o et Gt TRy Bhap et B (e BG a RO PO Dl ol
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desi red.b&ngt gasrBOangontdlé] Gt 30 f Hle afﬂ% gt WaL Yheh?ﬁﬁ‘ééft@&’ into

fromthe cured silicone e ast s usi ng
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EXAMPLES 1-3 [008 % A single drug | oaded rod wa
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the i srllleythtcﬁi%ﬁﬁﬂ)' Ile}ﬁgg@d ﬁ@ﬁlechg EQbd gﬁ%oﬁ@élastt&ﬁer rods using a

i ntravagi nal ring Vices o he invention were

det ersthlpeld under sink conditions. This mmcecs the in
vivo situation. The term"sink conditions" refers to
that set of experinmental conditions in vitro that

ef f ecPR@G]QC@i[rEﬂ)RtIe\SVIhIéOdQELEASEa&hUDEES dHXAMPIEES 1-3

occur and whjich results i X1 mum
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bou n%{gy Aﬁ%?fhﬁ er DH}%’ datﬂQQel%Qée btlﬂbg Yor(ﬂlikal'hﬁﬁ@fg'iﬂa? h'n%%lewces

of the drug wll determ ne the choice of a suitabl
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condi ddn@ft®nt 1 +iAb WALHEMVEHAIRuNELQhe actRB hgérﬁgperfuswn that
delivery devices of the present invention were placed
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[0082] The in vitro daily release profiles for the intravaginal ring devices of
Examples 1-3 of the invention were determined under sink conditions in
laboratory grade water. The drug delivery devices of the present invention
were placed into suitable flasks containing 20 ml of water and placed in an
orbital (60 rpm) shaking incubator at 37°C. Daily sampling with replacement
of the release medium continued for several days, followed by regular
sampling thereafter. Release was quantified by HPLC, and the daily and
cumulative release data were collected.

[0083] It will be readily appreciated by those skilled in the art that the release

rates and release amounts demonstrated in the following examples are not



sanpling thereafter. Rel ease was quantified by HPLC
and the daily and cunul ative rel ease data were
w@odokmeiiesl. [0083] It will be readily appreci aP€rius3008/068403

those skilled in the art that the rel ease rates and

rel ease anounts denonstrated i gmt he fol |l owm ng exanpl es
are notrestrictive and can bé? ni pulated to alter the

rel ease rate and/ or release anount, as desired, by,

for exa chan é"? of dru sub in
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experinments were conducted as descri bed above, except
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are p d.n Table 1. Table 1. Cunulative rel ease
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EXANAPEiInchoninic acid, a compound used in the kit to assay for the protein]
protein microassay kit (Pierce, US). The cumulative release data over

fourteen days are presented in Table 1.

Table 1. Cumulative release of bovine serum albumin (BSA) from vaginal rings
containing a single insert constructed from various water-soluble release
enhancers. BSA loading = 1.0% w/w, water-soluble release enhancer loading of

20.0% wiw.
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[0085] It will be appreciated that BSA is not, of itself, a drug. It was chosen

herein as a protein with a molecular weight of 66.43 kDa, to demonstrate

sustained release over 14 days of a macromolecule.

EXAMPLE 2

Sustained Release of the Monoclonal Antibody 2F5 from Intravaginal Drug

Delivery Devices

[0086] Silicone elastomer vaginal rings containing a single channel were

manufactured according to the general method described above. Silicone

elastomer inserts containing 2F5 were prepared as follows. Water was first

removed from the 2F5 stock solution (13.01 mg/ml) by freeze-drying 2F5

solution (10% w/w) mixed with glycine (10% w/w). After drying, the

remaining portion of glycine (30% w/w) was mixed with the freeze-dried

2F5-glycine cake. Uncovered silicone inserts were manufactured by mixing
the 2F5-glycine mix with silicone elastomer (LSR-9-9508-30, 50% w/w)
(Dow Corning) in a DAC 150 FVZ-K Speedmixer for 30 seconds at 3000

rpm. The mixture was then inserted into a 2 ml syringe and manually injected

into PVC tubing of 3 mm diameter and allowed to cure for 24 hours at RT.




25 3.17 28 2.66 Table 3. Cunul ative rel ease of HV mAb
2F5 fromvaginal rings containing a single insert. 2F5

wo o@dionty2s= 7. 5% wat er-sol ubl e rel ease enhancePCT/US2008/068403
(glycine) at a loading of 22.5% w w. Tinme (days) 2F5
Cumul ative Release (ng) 1 1'4é82 3.08 34.75 45.857
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buffer solution. Uncovered silicone inserts were
nanufactured by m xing, in a 50:50 weight ratio, the

0P TP YO Uae Mty A SO0 ot BTk, coppaining  single

FVZTSKI"[ SpE® thidker= 7.6%, 3Gt aobitsrehse3Bandep (gl ydihe) dtanedding
i nsert cont ai ned gpl40 gl ycine and silicone el astoner
i not e %EWg%t ratio of 1:49:50. The m xture was then

inserted int¢p—=a u T TTTOE ectled
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For 167

3 1.67

4 1.10

7 3.22

11 7.69

14 2.89

18 2.61

21 4,71

25 3.17

28 2.66

Table 3. Cumulative release of HIV mAb 2F5 from vaginal rings containing a
single insert. 2F5 loading = 7.5%, water-soluble release enhancer (glycine) at a

loading of 22.5% w/w.

Time (days) 2F5 Cumulative Release (ug)
1 1.42
2 3.08
3 4.75
4 5.85
7 15.52
11 46.29
14 54.95
18 65.40

21 79.54
25 92.22
28 100.19




24 hours at roomtenperature. After this tinme, the
inserts were cut into 9 mmlengths, and the PVC sheath
w@ arefediky renoved fromthe cured silicone el aBCDIE2008/068403

inserts using a scalpel. A single insert was then

pl aced into the single channel of a vaginal ring
device. In vitro daily and carurative rel ease data
over 28 days are presented in Tables 4 and 5. Table 4.

Dai ly rel ease data of gpliﬁi sglnal rings
contai ning a single inser oading = 1.0% w w;
wat er - sol ubl e rel ease enhancer (glycine) at a Ioadlng

of ShSafifci R Meastiofehd HEY BnveRipé Prbein gpﬂﬂi ﬁ@ﬁﬂn&f@h§
64.50 2 16.13 3 12.43 4 10.50 7 10.28 1 1 6.71 14

18 Drug®ehbiveryiDedceds 1. 30 28 1.90Table 5. Cunul ati ve

;ieLSﬁ@SsﬂserltC%e 8? i%rgelf Yagrﬂ&Y%%Q@ V\%ﬂnﬂg% f%?et a{aﬁh{l%&e

rel ea&@@ﬁﬂ’ﬁﬁlﬁd aéco(r@hg&;cb ﬂl%)geﬁéralambtﬁhaﬂi degribéd 43%eWSWicone
Ti me gdays pl 40 Cunul ative Release (ng) 1 64.50 2
80. 63F @ﬁt@sercssems tontaimanesthe i Vamvelope prptein gp hdp wes pagpared

as follows. A solid mixture containing gp140 and glycine (weight ratio 2:98)
was prepared by freeze-drying a gp140/glycine buffer solution. Uncovered
silicone inserts were manufactured by mixing, in a 50:50 weight ratio, the
gp140-glycine mix with silicone elastomer (LSR-9-9508-30, 50% w/w) (Dow
Corning) in a DAC 150 FVZ-K Speedmixer for 30 seconds at 3000 rpm. The
final insert contained gp140, glycine and silicone elastomer in the weight
ratio of 1:49:50. The mixture was then inserted into a 2 ml syringe and
manually injected into PVC tubing of 3 mm diameter and allowed to cure for
24 hours at room temperature. After this time, the inserts were cut into 9 mm
lengths, and the PVC sheath carefully removed from the cured silicone
elastomer inserts using a scalpel. A single insert was then placed into the
single channel of a vaginal ring device. In vitro daily and cumulative release

data over 28 days are presented in Tables 4 and 5.

Table 4. Daily release data of gp140 from vaginal rings containing a single insert.

gp140 loading = 1.0% w/w; water-soluble release enhancer (glycine) at a loading

of 49.0% wiw.
Time (days) gp140 Daily Release (ug)
1 64.50
2 16.13
3 12.43
4 10.50
7 10.28
11 6.71
14 1.70
18 1.86
21 1.28
25 1.30
28 1.90
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IN VI TRO RELEASE STUDI ES - EXAMPLES 4 - 6 [0088] The
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with 10 mMl of sterile water; the vials were capped and

pl aced in an orbital (60 rpn) 5haki ng i ncubat or
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4 I nfluencqg of Type and Concepitati on of Water-So|uble
Rel ease EnHancer Fon the Rel e SN Eri ogl auci ne [ p089]
Silicone ellastondr LSR9-95081363%as supplied by NuSi|
Technol ogy |LLC (I¢arpinteria, 10589). This is a two-part
pl ati num cdt al yZdd silicone éb@sfoner, in which the
plati num cdtal yd i s contai né@.#hthin Part

B. Eri ogl audi ne vids purchased1f7.68n Si gma- Al drich
(G llingham UK)ps U trapure wgt.eg was obtai ned us|ng
an El ga Purlel ab J§axi ma syst efgg Medi cal grade siligone
tubi ng W t amTtermar—drameter of 3. 35 T and—al

LT Y § PP

nore than 20% ww at pH 5 and a nol ecul ar wei ght of
793 6808@0@%@5@65@?%@&%& weRtPHICAT HYO F%@Pt“als with 10 ml of

formu E%tc'ervﬁ Giald $ER/cG e@isanﬁ yegéi ?gaﬂ &b-IEEIb(%S r;gim) shaking
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followed by twice-weekly sampling/replacement for a further 2 weeks. Rod-
shaped drug delivery devices with a single drug-containing insert therein were
used for the dissolution studies performed in Examples 4-6. Such drug
delivery devices are an accurate representation of release profiles that could
be expected, if rod-shaped inserts loaded with erioglaucine, BSA or 2F5 were
in situ in a ring-shaped device body, i.e., the drug would only be released

from the two open (uncovered) ends of the drug delivery device.

EXAMPLE 4

Influence of Type and Concentration of Water-Soluble Release Enhancer on
the Release of Erioglaucine
[0089] Silicone elastomer LSR9-9508-30 was supplied by NuSil Technology
LLC (Carpinteria, USA). This is a two-part platinum-catalyzed silicone

elastomer, in which the platinum catalyst is contained within Part B.
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at a range of water-soluble release enhancer loadings (Table 6) for a period of
4 weeks. The water-soluble release enhancers were selected on the basis of
their low toxicity and for their physicochemical differences; ranging from a
simple sugar (glucose), a simple amino acid (glycine), a relatively high
molecular weight protein (bovine serum albumin, BSA) and two polymeric
compounds of different molecular weights (polyethylene glycol, MW: 3,500
—referred to herein as PEG) and hydroxyethylcellulose (MW: 90,000—

referred to herein as HEC). Figures 2 and 3 illustrate typical release profiles

of erioglaucine from rod-shaped drug delivery devices with a single



of erioglaucine fromthe various fornulations were
i near over the 4-week study. [0093] Figure 4 shows
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drug delivery devices with a single
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include the five different watér-sol ubl e rel ease
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Er i ogloaReraseto rodsswith 8o 35tensaublegsisasexmhangsy (). Itis only
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Eri Ogirﬂlﬂbbﬂ@thﬂtt ihbrehses i3 theldallly udese arddfbsérved. Bhe release rates
Erioglaucine 1 15/ 3.35 PEG 5 4.64 9 Erioglaucine 1
15 / (sz eg@gb}z@le fiomythg yariousfoppplatiensyeerg lineprover the 4ppask
20 4. 1 Erioglaucine 1 15/ 3.35 PEG 30 4.64 12
Eriogl a cine 1 15/ 3.35 PEG 40 4.64 13 FEriogl auci ne

1 15 [0093]3bighEG stsvsah&duridlative Iﬁt@fla&eucﬁ areglautie frodn Bfl-
BSA, 4.64 15 Erioglaucine 1 15 / 135 .BSA, 10.4.64

16 Eriiapiddies @l‘frﬁgeV/lC%s v§§1 BERglespoglagging gontaining insert

Eri Ogioﬁth%é’dlechéreﬂsﬁhét iBcld@ Bohive Attéte iy ak&- s%'lﬂ‘t@tgfe?éé@é ne
1 15/ 3.35 BSA, 40 4.64 19 FErioglaucine 1 15

BSA, @mamematm%aoa@ggau& isdear tha glycge3gtarEde h@zgm.stadlease
enhancing properties over all the other water-soluble release enhancers
studied. Glycine provides double the cumulative release of BSA after 28
days compared to the next best water-soluble release enhancer, HEC.

Glycine is a preferred water-soluble release enhancer.

Table 6. Erioglaucine Formulations.

Dimensions

. Drug Water-soluble Dimensions
No. ﬁzgl\;e Loading iligrgrtl;l/c Sp* release enhancer  Outer
(Gow/w) (mm) (Name, %ow/w) CSD*(mm)
I Erioglaucine 1 15/3.35 - 4.64
2 Erioglaucine 1 15/3.35 D-Glucose, 5 4.64
3 FErioglaucine 1 15/3.35 D-Glucose, 10 4.64
4 Eroglaucine 1 15/3.35 D-Glucose, 20 4.64
5 Erioglaucine 1 15/3.35 D-Glucose, 30 4.64
6 Erioglaucine 1 15/3.35 D-Glucose, 40 4.64
7 Eroglaucine 1 15/3.35 D-Glucose, 50 4.64
8 FErioglaucine 1 15/3.35 PEG, 5 4.64
9 Erioglaucine 1 15/3.35 PEG, 10 4.64



2 1 Erioglaucine 1 15/ 3.35 HEC, 10 4.64 22
Erioglaucine 1 15/ 3.35 HEC, 20 4.64 23 Eriogl auci ne
wa2@®5/063135 35 HEC, 30 4.64 24 Erioglauci ne 1 15P¢T/BSBB8/068403
HEC, 40 4.64 25 Erioglaucine 1 15/ 3.35 HEC, 50 4.64
26 Erioglaucine 1 15/ 3.35 d,ycine, 5 4.64 27
Eri oglaucine 1 15/ 3.35 Gly(:i3 €, 10 4.64 28
Erioglaucine 1 15/ 3.35 A ycine, 20 4.64 29
Eriqglaucine 1 15/ 3.35 dycine, 30 4 30
Eri ﬁ& aliciogleuding5 1 3.35 dbydiife, 40 f?ﬁ‘gz@% 1 4.64
Eriqggl aycine 1 15 3.35 yCi e, 50 i CSD i s
or ogés1 sggPEc%lﬁ%Pe di i\rret er. q?ééjekeGa. IlﬂEg’i 3t():rco 4.64
cumdRat Eﬁ@g]ﬁﬁ&jﬁaseldat a ofsenizgl auci MEGWQ h BSA Tidnm
30%130% 50% ( Days) 0% BSA 5% BSA 10%1%?6%)0% BSA BSA
BSA ‘BSAEfioglaugpe 18170 22. 93/253311 22. .47 92. 09-&

13. 12 2@.. 6 27.76 2670 ¥8. 64 126407 3 13.51
21. 21 2g?§§a§é9g6 go.os 9?56%5?29.05 4 13,94 21,97 +64
26. 00 3@:i321a82n40 100. 15 163.37% 7 15.B8A210 80 27. 6864
32.3@ 37.67 119.10 190.72 8 15,77 23.§§ gg)os 33. 31

38. 89 18H08lgu4i0Y 61g 15. 7794336 28 18°33°0 70 40, 5&-64
129127 204.Q8:iA0 16. 36 23.16 /5 28. 25 JSALW 41.78 464
133.45 209723 1 1 16.5 1 23. "84 28.84 35 .09 42. 86

137.185 PtisglAgeind 16. 90 24.13/8.3%9. 35 3854z U5, g7  4.64

148.33 229, 05 18 17.69 24.50 .29 78 3735&8s#9. 69 160,
245. ?3 %ﬂﬁ?glf"}?lg% 2; 01 341.%183'2%9.45 52$0’E635(2f[68. 37 4.6
256203 R5iodihud5e 25148 35. 04 4068 54.HBC1Y8. 07 270.47&
28 122. 22 25. 87 35.55 42 .08 56. 83 ﬁﬁg‘g 280. 90

t

Tabl“e 6Brioghuding r ol cumul atlisveé.- il eas of 4.64

SBLA)@@ aﬁ%log LN h g; I ucosg.s /Ty 0% SYed036 20% BO%fé)f/o
23 Erioglaucine 1 15/3.35 HEC, 30 4.64
24 Erioglaucine 1 15/3.35 HEC, 40 4.64
25 Eroglaucine 1 15/3.35 HEC, 50 4.64
26 Erjoglaucine 1 15/3.35 Glycine, 5 4.64
27 Erioglaucine 1 15/3.35 Glycine, 10 4.64
28 Erioglaucine 1 15/3.35 Glycine, 20 4.64
29 Erioglaucine 1 15/3.35 Glycine, 30 4.64
30 Erioglaucine 1 15/3.35 Glycine, 40 4.64
31 Erjoglaucine 1 15/3.35 Glycine, 50 4.64

*CSD is cross sectional diameter.

Table 6a. In vitro cumulative release data of erioglaucine with BSA .

Time 30% 40% 50%
(Days) 0% BSA 5% BSA 10% BSA 20% BSA BSA BSA BSA

1 11.80 18.70 22.93 25.11 22.16 60.47 92.09
13.12 20.38 24.66 27.76 26.70 78.64 126.07
13.51 21.21 25.41 28.96 30.03 91.01 149.05

2
3
4 13.94 21.97 26.00 30.32 32.40 100.15 163.75
7 15.58 22.80 27.68 32.56 37.67 119.10 190.72
8

15.77 23.03 28.03 33.31 38.83 124.29 197.61



(Days) d ucose G ucose ducose ducose G ucose d ucose
G ucose 1 1 1.80 14.42 16.44 18.70 23.37 32..72 59.26

16. 05 19.04 23.03 33.26 47..38 90.57 4 13.94 16.68

19. 63 24.99 37.12 54. 78105. 5 7 15.58 17 .40 20.78
30.54 47.07 71..43 184 91 8 lé 77 17 .71 21. 38 32. 23
51.09 78..99 221 .32 9 15.77 17 .81 21. 93 33.38 53.65
88..10 249 .98 10 16.36 18.00 22.16 34.78 57.43 99..21
275.33 ¢ 1 361 18531022 Ingfy 10 6549 11505 3977
.06 14 16.90 18.46 23.22 39. 88 69.79 127..18 7340 .

18 17 169 18673% 23. 89645. 7 12§84 53 143.5034 316/8 56 133.15
17 .88 19.32 24.56 51.06 99.48 165..26 399 .54 25 17
.95 19187 256374 58.33.84112. 128.884. . 385492 . 22.8%8 183'225

20.59 25.83 62 45 121,28 199, .88 441 .37 Tabl e 6c.
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1.80 17).49 153869 75418 44. 1838]g . 68 Bos66 2ol 12168.37
18.16 13.97 13.69 60.33 110..99 210 .24 3 13.51 18.55

14.80 18. 83775. 65 1258 .94 23004 35 4 40B894 1B.7B0 137887
24. 19 86.93 156..62 280 .47 7 15.58 19.57 17.11 42,93
110. 342812, 18622367 29878 15.375319. 80 424807 4%.8%3 185.52
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100, 23 358, . 53470 15395 17108 24. 4% 70, 117518 634 75.58
218. 97 %98 11385, 1p05 3.03 3326 90.57
13.94 16.68 19.63 24.99 37.12 54.78 105.15
7 15.58 17.40 20.78 30.54 47.07 71.43 184.91
8 15.77 17.71 21.38 32.23 51.09 78.99  221.32
9 15.77 17.81 21.93 33.38 53.65 88.10  249.98
10 16.36 18.00 22.16 34.78 57.43 99.21  275.33
11 16.51 18.11 22.31 36.10 61.09 110.05  297.06
14 16.90 18.46 23.22 39.88 69.79 127.18  340.28
18 17.69 18.73 23.69 45.71 84.53 148.34  376.56
21 17.88 19.32 24.56 51.06 99.48 165.26  399.54
25 17.95 19.87 25.32 58.31 112.17 184.37  422.23
28 18.22 20.59 25.83 62.45 121.28 199.88  441.37
Table 6¢. In vitro cumulative release data of erioglaucine with glycine.
Time 0% 5% 10% 20% 30% 40% 50%
(Days) Glycine Glycine Glycine Glycine Glycine  Glycine  Glycine
1 11.80 17.49 12.69 7.49 44.18 81.68 152.66
2 13.12 18.16 13.97 13.69 60.33 110.99  210.24
3 13.51 18.55 14.80 18.83 75.65 13594  249.35
4 13.94 18.90 15.43 24.19 86.93 156.62  280.47
7 15.58 19.57 17.11 42.93 110.34  212.06  367.08
8 15.77 19.80 18.07 48.03 126.18  227.33  396.15
9 15.77 20.11 18.62 53.22 128.83 23994 42441
10 16.36 20.46 18.89 58.25 13172 249.52  449.64
11 16.51 20.85 19.32 63.72 135.62  261.13  488.18
14 16.90 21.81 21.04 77.66 151.46  293.46  595.00
18 17.69 22.68 23.65 97.53 171.85 33095  703.88
21 17.88 23.84 26.14 112.36 190.23  358.89  770.53
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21.65 29.55 1856097 85968 103202510 16,736 145749 22.13695  292.25
30.06 69. 17 9Q970 112598 1 1516. 51384360 2853 74 3146236 33539
62.22 96.06 12@ 45 5 13 2585 4138 6472  178.05  369.05

25 17.95 20.36 26.81 4290 7152 19324  414.53

28 1822 20.59 27.16 4390 7526 20549  452.51

Table 6e. In vitro cumulative release data of erioglaucine with PEG.

Time 10% 20% 30% 50%
(Days) 0% PEG 5% PEG PEG PEG PEG 40% PEG PEG

1 11.80 11.44 16.44 21.20 32.40 36.84  42.80

2 13.12 12.19 17.60 23.45 37.59 45.17 5279

3 13.51 12.54 18.55 24.24 41.04 5334 6343

4 13.94 12.85 19.06 25.07 43.77 59.30  71.80

7 15.58 13.81 20.87 27.96 52.23 74.85  90.78

8 15.77 14.04 21.46 28.60 55.08 80.57  97.14

9 15.77 14.35 21.65 29.55 57.97 85.68 103.02

10 16.36 14.49 22.36 30.06 60.17 90.70 112.08

11 16.51 14.60 2271 31.22 62.22 96.06 120.45

14 16.90 14.83 23.10 34.03 70.23 112.13  142.38
18 17.69 15.06 23.41 35.67 81.23 13091 171.41
21 17.88 15.17 23.64 36.78 88.39 144.49  190.02
25 17.95 15.40 23.83 38.02 97.17 162.10 212.76
28 18.22 15.67 24.05 39.18 104.22 176.65 229.84

[0094] The dissolution studies involving erioglaucine (Figures 2, 3 and 4)
illustrate the extent to which the release of a hydrophilic, macromolecular
drug from a hydrophobic insert carrier material can be influenced. As
mentioned above, erioglaucine is water-soluble, i.e. has a solubility in water

of greater than 5% w/w and is macromolecular. It is clear from these data
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release enhancer loadings as possible (such as, for example, 50%). This
improved release of erioglaucine is thought to be caused by increased water
uptake into the hydrophobic medium of the insert carrier material, due to the
presence of the water-soluble release enhancer. This is thought to create a
series of interconnecting channels and pores through which dissolution
medium and erioglaucine can move and thus diffuse from the drug delivery
devices of the present invention.
[0097] All the water-soluble release enhancers examined herein were shown
to affect the release of erioglaucine in a concentration dependent manner.

The only difference between the different water-soluble release enhancers is

the magnitude in which they enhanced erioglaucine release. Figure 4
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Influence of Excipient Concentration on BSA Release Profiles
[0099] Silicone elastomer LSR9-9508-30 was supplied by NuSil Technology
LLC (Carpinteria, USA). BSA was purchased from Sigma—Aldrich
(Gillingham, UK). Ultra-pure water was obtained using an Elga Purelab
Maxima system. Medical grade silicone tubing with an internal diameter of
3.35 mm and an external diameter of 4.64 mm was purchased from BDH
(Belfast, UK)
[00100] BSA-containing insert formulations were prepared as detailed in

Table 7 below. A total 2g mass was employed for each BSA/water-soluble
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[00101] BSA released from rod-shaped drug delivery devices with a single
BSA-containing insert contained therein was quantified using size exclusion
high performance liquid chromatography with ultraviolet detection (Waters
Breeze HPLC system; Phenomenex Biosep SECS 3000 column 7.8 mm i.d X
300 mm; with Security guard cartridge GFC 3000 4 x 3.0 mm; run
temperature 25°C; isocratic mode; mobile phase ammonium acetate/0.01M
pH 6.8; flow rate 1.0 ml/min; detection wavelength 280 nm; injection volume
100pl; BSA retention time 7.6 min). A linear calibration plot for BSA was
obtained over the range 0.5-100 pg/ml (R* = 0.98).

[00102] BSA was continuously released from rod-shaped drug delivery
devices with a single BSA-containing insert contained therein possessing 0,
30, 40 and 50% glycine loadings. Figure 5 demonstrates that BSA diffuses
poorly from rod-shaped drug delivery devices without the incorporation of
glycine in the formulation — BSA is only released at low concentrations for

the first few days from the surface of the rod-shaped drug delivery devices.
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Concenf éﬁ? g 5 Concentration and Manufacturing and
Process aramnmeters on the Rel ease of 2F5 [00105]
2F5 was k| ndly provided by Polymun Scientific (Vienna,
Austria). Silicone elasto 508- 30 was supplied
by NuSi| Technol ogy LLC EXAMPLE: 8

Influence of Excipient Concentration, 2F5 Concentration and

Manufacturing and Processing Parameters on the Release of 2F5
[00105] 2F5 was kindly provided by Polymun Scientific (Vienna, Austria).
Silicone elastomer LSR9-9508-30 was supplied by NuSil Technology LLC
(Carpinteria, USA). Ultra-pure water was obtained using an Elga Purelab
Maxima system. Medical grade silicone tubing with an internal diameter of
3.35 mm and an external diameter of 4.64 mm was purchased from BDH
(Belfast, UK)
[00106] Formulations were prepared as detailed in Table 8. A total 1g mass
was employed for each 2F5/silicone/water-soluble release enhancer

formulation.
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Effect of Silicone Elastomer Curing Conditions
8 Platinum A, 70  Freeze Dry A, 7.5 22.5 40°C, 8 hrs
9 Platinum A, 70  Freeze Dry A, 7.5 22.5 70°C, 4 hrs
10 Platinum A, 70  Freeze Dry A, 7.5 22.5 100°C, 1 hour
Controls
11 Platinum A, 70 - 30 ambient, overnight
12 Platinum A, 100 - - ambient, overnight

[00107] Two different platinum-catalyzed silicone systems of differing
viscosity (Type A and B) were used. The silicone elastomer system termed
Platinum A is Nusil’s LSR9-9508-30, a two-part addition-cure liquid silicone
rubber, each part having a relatively high viscosity (45,000 and 60,000 cp).
The silicone elastomer system termed Platinum B is Nusil’s MED-4220, a
two-part addition-cure liquid silicone rubber, each part having a relatively
low viscosity (20,000 and 15,000 cp).

[00108] Formulations 1-12: Aqueous solutions of 2F5 (13.54 mg/ml) were

mixed with the total quantity of glycine to be included in the final 1g
formulation. Where the total volume of liquid was less then 15 ml, excess
water was added to make up this volume to ensure complete dissolution of the

glycine. These solutions were lyophilized using a laboratory freeze-dryer
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ELI SA"assay: 2F5 levels were
peptide aa:GGGLELDKWASL (SEQ ID 1) as the capture antigen. The

standard solution was diluted to a concentration of 200 ng/ml for detection of
plasma Ab. Bound 2F5 was detected with goat anti-human (GAH) IgG (y-
chain specific) antibody conjugated with horseradish peroxidase. TMBE was
added as substrate and optical density values of the formed blue colored
product were obtained at 450 nm.

[00111] The data presented (Figures 6 - 8) show the release of 2F5 from rod-
shaped drug delivery devices having a single 2F5-containing insert therein
from a range of experiments (Table 8) that aimed to examine the effects of
processing and manufacturing variables on the release of 2F5. 2F5 was

continuously released from all the formulations for a period of 28 days. The
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(see dangubw thg glytime | dnelinga¥e bightorimrhatation 76nvalhed the use of
a different insert carrier material (silicone elastomer (MED 4220, Nusil))
compared to all the other formulations tested. This formulation afforded the
highest cumulative release of 2F5 over the 28-day study. However, these data
are not a true representation of MED 4220, as this polymer did not cure fully
with the inclusion of 2F5 and glycine in the elastomer mix (see Figure 7). In
experiment 7, where a different polymer was employed in the rod-shaped
drug delivery device (MED 4220, Nusil), a significant five fold increase in
the cumulative release of 2F5 over the 28-day period can be observed when

compared to a similar formulation (formulation 3) with silicone A (LSR9-

9508-30). However, silicone B (MED 4220) does not cure in the presence of
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release of 2F5, Wthh ultimately offers some indication of 2F5 stability at
these temperatures. Ordinarily, the curing of many silicone insert carrier
materials, such as those employed herein, is performed at elevated
temperatures for a short time — usually above 100°C for a few minutes. There
are, however, obvious concerns with antibody stability when using such
elevated temperatures. For this reason, the majority of the drug-containing
inserts were cured at room temperature, which prolongs the curing time to

several hours. It would, however, be more practical to find optimal curing
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Table 9. 2F5 Formulations — comparing the effect of including liquid
polydimethylsiloxane (PDMS).

No.  Silicone 2F5 Glycine Silicone Oil ~ Curing
Elastomer (Prep., Loading (Loading (Loading %  Conditions
(Type, % wiw) % wiw) w/w) (Temp.,
Amount % Duration)
w/w)
1IN Platinum A, 50 Freeze Dry A, 10 40 0 40°C, 8 hrs
10% 40°C, 8 hrs

2N Platinum A, 40 Freeze Dry A, 10 40,
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reductlon in the elastomer matrix density allows for a higher loading of

glycine, which can further enhance release of the actives. There are thus clear
strategies available for further enhancing the release of actives from the drug

delivery devices of the present invention.

EXAMPLE 8

Influence of Liquid Polydimethylsiloxane on the Release of BSA
[00119] A reduction in the density of the silicone polymer network could
improve the diffusion of molecules through the elastomer. One means of
reducing the density of the polymer network, aside from using a different
polymer, is by the addition of liquid silicone (Polydimethoxysilane - PDMS)
to the elastomer. This dilution of the silicone elastomer should also permit
the inclusion of a higher portion of solid water-soluble release enhancers into

silicone mix, which will also serve to enhance release.
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[00121] In Vitro Release Studies: Each of the rod-shaped drug delivery

devices was placed into a sample vial with 10 ml of water; the vials were
capped and placed in an orbital (60 rpm) shaking incubator at 37°C. The rods
were placed into new 10 ml volumes of water daily for 2 weeks followed by
twice weekly for a further 2 weeks.

[00122] Quantification of release of BSA by high performance liquid

chromatography: BSA released from rod-shaped drug delivery devices was

quantified using size exclusion high performance liquid chromatography with
ultraviolet detection (Waters Breeze HPLC system; Phenomenex Biosep
SECS 3000 column 7.8 mm i.d x 300 mm; with Security guard cartridge GFC
3000 4 x 3.0 mm; run temperature 25°C; isocratic mode; mobile phase
ammonium acetate/0.01M pH 6.8; flow rate 1.0 ml/min; detection wavelength

280 nm; injection volume 100ul; BSA retention time 7.6 min). A linear
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[00123] The data show that the addition of PDMS has some effect on the
release profile of BSA from rod-shaped drug delivery devices, but that the
release profile is primarily dictated by the amount of glycine as water-soluble
release enhancer in the formulation; see Figure 10. This is confirmed by the
fact that those rod-shaped drug delivery devices that contained 49% glycine
and PDMS released approximately 12% more BSA over the 28 days, than
those devices that contained 49% glycine alone. In addition, PDMS has the
added effect of diluting the elastomer enough to allow even higher loadings of
water-soluble release enhancers. Therefore, it was possible to easily include
59% glycine loadings into the insert within the rod-shaped drug delivery
device with only 30% silicone elastomer, which resulted in substantially
enhanced release of BSA.

[00124] Tt is thought that the inclusion of water-soluble release enhancers
within the drug-containing insert enhances the drug release by allowing: (i)

aqueous fluid to influx into the drug-containing insert, (ii) aqueous
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beneflclal attributes compared to alternative Vagmal formulations, including

prolonged and controlled drug delivery as well as a considerable
improvement in patient compliance. Intravaginal drug delivery devices of the
present invention, in addition to retaining the benefits of conventional
intravaginal drug delivery devices, possess the added advantage of allowing
the delivery of a more diverse range of drugs. Furthermore, they require
considerably lower drug loadings, which is of benefit where expensive drugs
are employed. Intravaginal drug delivery devices of the present invention,
possessing inserts modified with about 1 to about 70% by weight of water-

soluble-release enhancers, provide an effective means of delivering
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[00129] While the invention has been described above with reference to
specific embodiments thereof, it is apparent that many changes,
modifications, and variations can be made without departing from the
inventive concept disclosed herein. Accordingly, it is intended to embrace all
such changes, modifications, and variations that fall within the spirit and

broad scope of the appended claims.



vagi nal protection against HV. It could offer wonen

with the neans of protecting thensel ves discretely
wowdokoodi2s hei r partners know ng, as vagi nal riPQBUSZNS/068403

go unnoticed during intercourse. The nature of the

drug delivery device of the present invention is such

that multiple vagi nal ant i bodpP S, or alternative

m crobi ci dal drugs, could be delivered froma single

in i.nal  dr el ivery device of the present
in&@ﬁ%ﬁghan%ﬁdgﬁﬂgnized rod- shaped insert
formul ati ons for each drug to provide an effective and

broad range of pr tecg&gn. [00129] Wile the invention
has- bee A JBERYAZHBYIRBSTE VY URVIFRFUPRIYRSt 0 speci fic

enbodi ts theleobody donh iS4 bpHdBat c TR £BRNIESi
nndifigg?ions, ghd SQiféﬂﬁbns céﬁﬂb% nad%lmﬁthout ¥ing at
de st angghfimrehdefireng aMeast breopaminteptandx scioosechihdervedenhody,
Accardingly, it is jintended to enbra 1 such -
hanabeinbie phoifl AR SEREr A8 AR ot baftaae Y pontaining

W §kA; 4dae spirit and broad scope of the appended

claims. WHAT IS CLAIMED IS: 1. An intrayaginal‘drug

del i ver yb)devitleast onpAivgrqegtaifiay inged @ositendgodypaid at least one

conprisin hydr ophobi. rrier Lal havin to .
 catingh 8 A RRRE! o Yool B LN e gty
extefedtiie agfoustbftht v iR d¥edyuitadRi fdr Aitrak 88841 a@Mnistration and
channel being adapted to receive at |east one )

dr geptaigHeaAt Mangenersder solubieirelense grhanggidp apagmount ranging from
dr yg- ey ' (. FLi: ' i - €.
0BT B B0 D5 ARSY LA D bl QR
r ehelasit nge drughead saide tdastadnke yw adrf sobitbl & e lcanoenttanadr baing

| east one drug suitable for intravagi na
adaﬁﬁﬂé? B AngRSeR IS ilng at | east one

wat er - sol ubl g HeRleaseHENY cdrRe@Ra@ARURE sﬁiﬁriﬂgeﬁg:a{rier

from about 1% to about” 70% by wei ght of said at |eas
onenathriadj ey e diendang drngiéerent; siad d at | east one drug and
said at | east ,one wa eﬁf§$|Uble rel ease enhzncer bei ng d
di spersed i n AR ThER] £IERE PRGPTUSHOBRILIE IRHE e ROSS sl
hy k@ RbOk GidCiide@od itheh ksall AR agiahddriu R a6liverf aévieelk in use.
material nmay be the sane or different; and wherein
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drug is a macromolecular drug and wherein said at least one drug-containing insert
contains said at least one water-soluble release enhancer in an amount ranging

from about 1% to about 70% by weight of said at least one drug-containing insert.

3. The intravaginal drug delivery device of Claim 1, wherein said at least one
drug is a water-soluble drug and wherein said at least one drug-containing insert
contains said at least one water-soluble release enhancer in an amount ranging

from about 15% to about 70% by weight of said at least one drug-containing insert.

4. The intravaginal drug delivery device of any one of Claims 1 to 3, wherein
said at least one drug is selected from proteins, RNA- or DNA-based molecules,

vaccines, and combinations thereof.
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0. The intravaginal drug delivery device of any one of Claims 1 to 8§,
comprising first and second channels and first and second drug-containing inserts
positioned in said first and second channels, respectively, wherein said first and

second drug-containing inserts comprise drugs that may be the same or different.

10. The intravaginal drug delivery device of any one of Claims 1 to 8§,

comprising first, second and third channels, and first, second and third drug-
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containing insert.

15. The intravaginal drug delivery device of Claim 14, wherein said at least one
drug-containing insert contains from about 1% to about 55% of said at least one
water-soluble release enhancer by weight of said at least one drug-containing

insert.

16. The intravaginal drug delivery device of any one of Claims 1 to 15, wherein
the insert carrier material is a polymeric material selected from a
polydimethylsiloxane, a copolymer of dimethylsiloxane and methylvinylsiloxane, a

polyurethane, and a poly(ethylene-co-vinyl acetate).
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23. The intravaginal drug delivery device of any one of Claims 1 to 22, wherein
said at least one drug-containing insert is positioned in said device body such that
the cross-sectional diameter of said at least one drug-containing insert exceeds the
cross-sectional diameter of said channel by an average of about 1 mm in all

directions.

24, The intravaginal drug delivery device of any one of Claims 1 to 23, wherein

said at least one drug-containing insert further comprises at least one
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soluble release enhancer in the device body is selected from the group consisting of
sugars or their water-soluble salts; sugar alcohols; salts; glycols; water-soluble or
water-swellable polysaccharides; organic acids; amino acids; proteins; nonionic
surface active agents; bile salts; organic solvents; polyethylene glycols; fatty acid

esters; and hydrophilic polymers, and combinations thereof.

29. The intravaginal drug delivery device of Claim 25 or 28, wherein said
device body contains less than about 10% of said water-soluble release enhancer

by weight of said device body.



one holl ow i nternal channel such that said
drug-containing insert is exposed on said exterior of
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conprising the step of curing the device body. 33. A
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the device body further comprises a sheath, provided that said at least one drug-

containing insert is exposed on said exterior of said device body.

31. A method of preparing the intravaginal drug delivery device of any one of
Claims 1 to 30 comprising the steps of:

(a) molding said hydrophobic carrier material in the form of said device
body defining at least one channel; and

(b) inserting said at least one drug-containing insert into said at least
one hollow internal channel such that said drug-containing insert is exposed on

said exterior of said device body.

32. The method of Claim 31 further comprising the step of curing the device
body.

33. A method of intravaginally administering a drug to a female comprising the
step of inserting the intravaginal drug delivery device of any one of Claims 1 to 30

into the vagina.



