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systens and inplants useful in the treatnent of

dental diseases, nore specifically periodontal
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Many diseases affect the health of the periodontium and may lead to a loss

of alveolar bone and the loosening of teeth. The gingival attachment to the tooth
may move apically while the gingiva seemingly remains in place or becomes
enlarged. This results in a loose sleeve of diseased gingiva lying against the tooth.
The space between this gingiva and the tooth is called a pocket. The ultimate
result of pocket formation, bone loss and tooth mobility is the loss of teeth.
Periodontal diseases are a very common occurrence affecting, at a
conservative estimate, between 70%-90% of the world population and is the
major cause of tooth loss in people over 35 years of age. Periodontal disease can
be defined as an infection and inflammation of the gingiva or gums that may
cause, in severe stages, to loss of the bone that support the teeth. There are
varying levels of severity of the disease. The mildest cases are clinically termed

gingivitis, while the more severe cases are clinically known as periodontitis.



poor oral hygiene and/or the hornonal state of the
patient. It is believed that gingivitis, if

wanionesesesl, will develop into periodontitis. PCT/IL2004/000252
Periodontitis is a bacterial disease that affects the
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II, Applications Evaluation (Langer, R.S., et al., Eds.), CRC Press, Inc., Boca

Raton, FL (1984), pp.115-138. The increased flow of gingival crevice fluid,
which accompanies periodontal disease, has the effect of diluting and removing
therapeutic agents placed within the periodontal crevice.

Efforts to 'treat periodontal disease by agents, e.g. antibacterial agents,
provided to the oral cavity are generally ineffective, because the periodontal
pocket is substantially inaccessible. On the other hand, systemic administration of
antibiotics has only variable success in treating periodontal disease (Genco, R.J.,
J. Periodontol. 52:545 (1981).
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formof nouth rinses have proved to be successful in

preventing periodontal disease (Loe et al., J.

Periodont. Res. 5:78 (1970). ese agents, however,

are unable to affect the subgingival flora when
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the antibiotic into the periodontal cavity for several days. The fibers needed to be

fastened in place with an adhesive and to be removed at the end of the treatment
period.

‘Dunn, R. L. (US Patent No. 5702716) describes the incorporation of
doxycycline into a gel that solidifies in the periodontal pocket. The antibiotic
drug is released over several days. The solidified gel must be removed at the end
of the treatment.

Degradable polymers and copolymers which have been substantially
investigated as potential implant compositions include poly(lactic acid),
poly(glycolic acid, poly(lactic acid)-poly(glycolic acid) copolymer), polyamides
and copolymers of polyamides and polyesters. However, the biodegradation of
some of these polymers and copolymers may require three to five months, which
is undesirable in the case of dental therapy.

Suzuki, Y., et. al., (US Patent No. 4,569,837) discloses the use of water-



pol y(glycolic acid, poly(lactic acid)-poly(glycolic
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steroidal anti-inflanmmatory drugs (NSAI D). as agents

Furthiesooreg nosee ofr ¢he habowe mentéoredr fotmmkations are particularly
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e AT, O RS e o
st@oiRD lanki-inFRtHh Ay Arugs @SOADD). 88 agents affecting bone growth and
bone structure. Flurbiprofen (FBP) is an example of an effective NSAID which
also exhibits analgesic and anti-pyretic activity. Wechter, W. J. (EP 137668 B1)
suggests the use of FBP for the inhibition or prevention of alveolar bone loss or
resorption.

Jeffcoat et al (J. Perio. Res. 23:381-385, 1988) were the first investigators
who demonstrated the clinical effects of FBP on the progression of periodontal
disease. As evidenced by standardized radiography and reduced
radiopharmaceutical uptake, treatment with FBP (100 mg/day) for two months
increased bone metabolism. A study for 24 months using FBP by Williams et al
(J. Dental Res. 70:468,1991) found that the FBP-treated patient group showed
reduction in bone loss.

A topical pharmaceutical composition for the treatment of epidermal and

muco-epidermal tissues, and designed for immediate release in said tissues, was
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diseases, or for the purposes of ameliorating such condition in such patient, either
human or animal. Unless otherwise stated, the term is not limited to any particular

length of time, to any therapeutic regime or to any particular dose.



human or animal. Unless otherwi se stated, the termis
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2004/ 084873 PCT/1L2004/ 000252 -6- In addition, the
terns "device", "systeni, and "delivery systeni, are
used herein interchangeab and are intended to refer
to the oral delivery systemof the invention. As
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of water soluble drugs such as chl or hexi di ne salts,
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malleable, elastic and/or formless.

The device of the invention comprises both a hydrophilic and a
hydrophobic drug and a biodegradable or bioerodible pharmaceutically
acceptable polymer which provides sustained delivery of at least one of the drugs.
Preferably, the device may also comprise at least one of a crosslinking agent, a
plasticiZing agent a wetting ageﬁt, a suspending agent, a surfactant and a
dispersing agent. The polymer, preferably water soluble protein, is compatible
with a high percentage of alcohol, a water/alcohol solvent, a hydrophobic NSAID
soluble in alcohol, a hydrophilic water soluble antibacterial agent, a crosslinking

agent that renders the protein insoluble upon completion of the crosslinking

reaction, a plasticizing agent such as glycerin and surface active agents and / or
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which it had been inserted.

Preferably, the polymer is a water-soluble protein selected from the group
consisting of gelatin, collagen, albumin, an enzyme.and fibrinogen, more preferably
gelatin and even more preferably hydrolyzed gelatin. In the case of a water-soluble
protein, the protein is cross-linked by incubation in the presence of a cross-linking
agent and/or crosslinking conditions such as heat, humidity, pressure, rgdiation, and
the same. The extent of crosslinking is such that it renders the protein water-
insoluble but still permits the release of the active agents from the composition.

The polymer is preferably present at a concentration of from about 20% to
about 70% and the plasticizing agent is present at a concentration of from about 1%

to about 15%. In addition, the weight ratio between the bioactive agents and the
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and has the release properties described above. More specifically, the present
invention provides a solid oral delivery system for periodontal treatment, the
device comprising on a weight basis between about 5 to about 25% flurbiprofen,
between about 15 to about 35% chlorhexidine di-gluconate, between about 30 to
about 50% hydrolyzed gelatin, between about 2 to about 7.5% crosslinking agent,
between about 0.5 to about 15% non-ionic surfactant and between about 5 to
about 15% plasticizer.

In another aspect, the present invention provides an oral delivery system
for the treatment of periodontal diseases, the system being in a solid unit dosage
form for administration to the periodontal pocket of a patient and comprising at

least two layers, each of which having a matrix comprising a water-soluble polymer



f 1 urbi profen/chl orohexi di ne di-gluconate oral delivery
system that fornms a biodegradable solid unit dosage
w0 oooaosds7xh may be enpl oyed in the treatnent oPCT/IL2004/000252
peri odontal diseases or upon periodontal surgery for
aiding the healing process and has the rel ease
properties described above~ More specifically, the
present invention provides a solid oral delivery
cr&%5HhRA fP¥idhe hi waRP iidohible polyendr, aridhen adiéwé teredient. In one of
conprising on a weight basis between about 5 to about
saitbab tdastr bvglafees the betiveeagenilis @n asi-bactemaluagentgmnd in another

chl or hexi di ne di -gluconate, between about 30 to, about
legoatispul o) 2 gaRuETe NG B VasPiL Foit 2t pfTarpigory agynt. Tn a

[ i i . . Ofo » 1« .
e e e e R T A
olBt @S Shd ffe ankilin®RRihSbrRsRac s flidbéprofesent i nvention

provides an oral delivery system for the treatment of
per i oilerdrdingics ensthsy aspest.sihst presendi inyentiorn psovides gnjimplant

dosage formfor admnjstration o the I odant al £ 1}
d?@@ﬁg @re@galgzpaa})paﬂgorg;ﬁ 11@5%“ VieS: %pm&ﬁ = system of the
imy G0 g U oSl B 407 I AMRCRPRPISEP sBogbsr o

dig@as%g QFisich %g@ir% Briofledd airiBtreleabé! SR & prefepridysmbodingent, the

nactive indgredient. “In oné of said at least two
ddayer sormpaisac tthee fhgbiprofes/datorahekidire t dirglaconafe ncombdnation
in another |ayer of said at least two layers the
desetibed abgesit is an anti-inflammtory agent. In a

D SR AR e, Bt i S AR 6 e vl
RE ;]iegr‘y%{e?ﬁﬁéét i@ elie ii$ tﬁéi: Eﬂéﬁa‘?&t@he@f- apﬁi@g@md adiabtéd for oral

ano aspect, e present ventl on provides an

adifiiststion dev ieetrestmefieoibl opnditiprer obthenoral cavitpl The invention is
device, fornmed fromthe systemof the  invention, an .
firther irectoel tof a sasthiod of tcating periedental dissaseodip plaging the device

heieie d6erined IR o PeRPERRan BB eot P RBing e dstibe in an oral
cCONpr | t i / i di i gl .

PBHTR g e A S0 AR 49, g v

rdE£2eE The HAMAhAP Bredd fieotiicdi rddaeihgrtht peckistedepith an iwwiding the

healing process after periodontal surgery.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be catried out in
practice, some preferred embodiments will now be described, by way of non-
limiting example only, with reference to the accompanying drawings, in which:

Fig. 1 schematically shows a flow chart for the preparation of a bi-layer
device.

Fig. 2 schematically shows a flow chart for the preparation of a tri-layer
film.



delivery system as defined above in the preparation of

an agent adapted for oral admnistration for the
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invention is further directed to a method of treating

periodontal disease by placing the device herein
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DETAILED DESCRIPTION OF THE INVENTION

.The oral delivery device of the present invention may be in the form of
films, pellets, granules, or any other convenient shape for the task at hand.
Typically, the device is a film formed through the solidification of liquid,
precursor solutions. When dried to produce the solid devices (i.e. implants) of the
present invention, they may be used as inserts to oral cavities. Most preferably,
the implants are in the form of a film and may be used as an insert into
periodontal pockets, or as an implant before and/or after periodontal surgery for
improving/enhancing/aiding the healing process and allowing the sustained drug
delivery at the desired location. The term “film”.as used in the present invention
denotes a thin sheet or strip of flexible material comprising the system of the

invention.

Examples of pharmaceutically acceptable polymers that may be used in



Fig. 7 shows the in vitro release profile of CHG from
several batches of Chip plus and Periochip in buffer
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sis for drug delivery
1eSY 858U for sustained release of a drug. It is therefore desirable to render the

protein insoluble while maintaining its ability to biodegrade through proteases in
the body. This insolubilization of the protein may be achieved by making
insoluble salts of the protein, insoluble complexes of the protein or most
preferably by crosslinking the protein. Since proteins in general contain lysine
and arginine residues carrying amino reactive groups and serine, threonine and
tyrosine carrying hydroxyl side chains, one preferable and well accepted method
of crosslinking proteins is with aldehydes or dialdehydes. Formaldehyde and
more preferably glutaraldehyde are well known in the art in methods of
crosslinking proteins.

In addition to chemical crosslinking agents, physical means capable of
producing crosslinking in proteins may be employed. Examples of such physical

means are heat, humidity, pressure or radiation.
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and the nore slowy it V\Ali %bl odegr aded g}/l r ot ease
selntipne of thyproteins are preferably ethanol, 1so%ropan01 d'n-propanol, with
ethanol being the most preferable. Proteins of low molecular weight and a
relatively high proportion of hydrophobic side groups do not precipitate from
aqueous solution when a certain proportion of alcohol is added. A preferable
protein with regards to this property is hydrolyzed gelatin with an average
molecular weight less than 20,000 and most preferably less than 13,000 but
higher than 1000. This protein is stable in solutions that contain over 50%
ethanol, allowing the incorporation of water insoluble drugs that are soluble in
alcohol. When using the hydrolyzed gelatin as the matrix for drug delivery and
using glutaraldehyde as the crosslinking agent, it was found that the preferred
ethanol to water ratios are between 1.2 and 2.5.

A solid device for insertion into a body crevice needs to be rigid enough to
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Examples of suitable wetting agents include, but are not limited to, '
poloxamer, polyoxyethylene ethers, polyoxyethylene sorbitan faity acid esters
(polysorbates), polyoxymethylene stearate, sodium lauryl sulfate, sorbitan fatty
acid esters, benzalkonium chloride, polyethoxylated castor oil, docusate sodium.

Examples of suitable suspending agents include but are not limited to,
alginic acid, bentonite, carbomer, carboxymethylcellulose,
carboxymethylcellulose calcium, hydroxyethylcellulose, hydroxypropyl cellulose,
microcrystalline cellulose, colloidal silicon dioxide, dextrin, gelatin, guar gum,
xanthan gum, kaolin, magnesium aluminum silicate, maltitol, medium chain
triglycerides, methylcellulose, polyoxyethylene sorbitan fatty acid esters
(polysorbates), povidone (PVP), propylene glycol alginate, sodium alginate,
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ana one Or more anti-fungal drug, or one or more anti-inflammatory drug and one
or more anti-neoplastic drug, or one or more anti-bacterial drug and one or more
anti-inflammatory drug). The amount of drugs to be incorporated into the
composition depends on the intended therapeutic use and can be determined by
one skilled in the art. The drugs can be present in the composition from 1 to 70%
(w/w) most preferably between 15 and 60% (w/w).

Suitable drugs which can be administered using the device of the present
invention include the following groups:

- anti-inflammatory agents, including steroidal anti-inflammatory agents

such as dexamethasone, budesonide, beclomethasone, and hydrocortisone; and
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liquids or as solids to be dissolved in a suitable solvent. Suitable solvents include

water, ethanol and water-ethanol mixtures.

The device of the present invention is prepared in solid form by pouring
the liquid composition into molds which may then be dried, thus forming the
implant of the present invention. It is preferable to use a protein concentration
range which results in the formation of a liquid composition having acceptable
pourability, and which is capable of releasing the active agents upon its drying
into the solid, sustained-release form.

The particular form into which the composition is cast will depend upon
its intended use. Thus, for example, if the implant is designed to be used in the
treatment of periodontal (or other dental) disease by insertion into the periodontal

cavity, then the implant will preferably be cast into a film or film-like sheet.
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otberi diseassndpr shplant sheildprefarablyi be adfln Baﬁm&f%ﬁﬂdmess which

B2 LSBT R s SRS FAEAERy v
0. @galn 0 %aﬂﬁﬁﬁ?&ersp P Q{rﬁ&]n {$ bRGhS P #l ey béﬁo@@ﬂt@ﬁ pocket, it is

ndac OXl1 cam OXl cans, pPIroxicam

prbfé@%bl@&ﬁat mbqaqﬂm shage b amahzanal/m(wlrmkaeﬁ ec.dnfllathand/or rod-
hat you wi sh to nention steroidal anti-inflammtory

111<zegent s) - anti-bacterial agents such as sul f onani des,

PRl 2 eSSl TR B8 AL Hefeing upon
thg %@%@algf El?%ééﬂqédcrrﬁﬁ a]%%ﬁéé? e rgﬁpi@fﬁ’ GhiiBf, it is preferable to use

ni co thro Zanti pain agents

1nﬁﬂﬁnﬂ's nﬁav@@a RO bF bamee‘nr i) mﬂulmens; and prd&ferabhy boeween 3-5
ody, for exanpl e norphine, codeine, etc,

mﬂhmatensl Hrisyprpfeedtde te ¢yplopiimplanss hg’p/m,gh%almla) pgé)ieggq:en 3-10
ents used in th ce of the ti.on
aiefs, B0 FHSt mﬁ%raiﬁm Griplay el L BBR diqagth gf between
nt i.phacter | r
B RGES, YonRA8h ex PrdATDE SpimAnbORAL £ fnegh of about
mﬁ& -PhHRANALS ol NE-A5 G ATRIY iHAclackss OMbOENN.354. 85 mmed
I'n a sultable solvent in any ratio which is capable
of priduinplgnts of the gresenpirsiention, mapibehindévidsally pseduced or
drying, a sustained-release conposijion
meyrhsobiataedhEle. et BRI StC.) | o st amalisial die & Hlack, or

ffl 3 ol ed in a suitable solvent. Suitable solvents
UIRE] @ater et hanol and wat er - et hanol mi xt ur es.

l&e. g?%ﬂ%@%ogsw 6§msl‘ér1ﬁstﬁ€ttréaﬁ¥1€ﬂtt bPPericddtArdis&ie] the device of
present invention may be used in a variety of alternative dental applications. For
example, it may be used in the treatment and/or prevention of pericoronitis, to
assist with root canal sterilization, to facilitate the healing of gums after tooth
extraction and to treat or prévent the problem of "dry socket" or to prevent
infection incident to tooth implants.

A further preferred usage of the delivery device is as an adjunct treatment
to periodontal surgery where it is inserted into the periodontal pockets both
before and after the periodontal surgery.

The invention will now be further described with reference to the

following non-limiting examples.



the liquid conmposition into nolds which may then be
dried, thus formng the inplant of the present
WO pooag4san. |t is preferable to use a protei n PCT/IL2004/000252
concentration range which results in the formation of
a liquid conmposition having gcceptable pourability,
and which is capable of reTé—STng the active agents
upon its drying into the solid, sustained-rel ease
EXAMPLHE® particular forminto which the conposition
is cast wll depend upon its intended use. Thus, for
exanple, if the inplant is designed to be used in the
treatment of periodontal (or other dental) disease by
insertion into the periodontal cavity, then the
' will preferably be cast into a filmor
E#@@h@$¥ke sheet. WD 2004/084873 PCT/1L2004/ 000252 -16
I'n ortgeniguad berebmser tasmpaditions fat Tehte d betdwdvnteal prepared
pocket to treat periodontal or _other dise?s ,

h

accoplingttostheufallopyiag epraseguise the thydsoliasd &5 St e pvapletely
whi ch. | from 0.01:1. 0 mi | Lifmt er s,

digrobveet b1 Snauigns dhebiione® (PHRRN Roliwicfhty watpry then the

LB e 007 S g Lo st 0,

S

ohERE d¥E 118y Aurfariiht of TwespedlY) (it . ethandlubhét theasdhupion of the
rod- |ike. Altho%%g the width and | ength of the

flirbiprafen BB dnyethepehavarg adsed. Haeh egmpomrgnt;was added after
periodontal pockei of the recipient patient, it .i

cospletalyblisselyings éflei %%T"%fﬁt Qnﬁa\eﬁ% iRy Wopreapleant by a
1-5 m |l Lete r 1By

i TS 5 S0p QBRI HEEAgREIIREITIE Bid precussors were

th@ﬁéﬂ'dﬁgef'dts RAebelell Msidweesbtamld solid Ifilinrefteerdryimgnat 2o€X for 48
prefera fe to enploy inplants having a | ength of

hhgtween 4-6 millineters. Typically, an inplant of the
i nvention has a length of about 5 mn, a width of

about 3.8-4.5 mm and a thickness of about 0.35-0.55

mm The inplants of the pr

indideuaIIy\pioducedlor obtained (i.e., cut,
n et o r oM Ar oy n,‘at.-...: : VA - Ll !
ot Formulafion N 300-3 | J9G0A £ 180000 | 13008 o 130PFD
t r ealingrddiedtsper i pdontal di seas@l. the device of
BYCOEY 50.0 [50.0 |25.0 25.0 22.5
GLYCERIN 5.0 5.0 5.0 5.0 2.5
GA(25%)") 2.0 3.0 2.0 4.0 4.0
TWEEN 80 150 [10.0  [5.0 5.0 5.0
CHG(20%)®)  [125.0 [125.0 |63.5 63.5 62.5
FBPY 100 [100 2.5 2.5 25
p.w® 43.0 |52.0 |30.5 28.5 91.0
ETHANOL 400 |35.0 15.0 15.0 10.0
TOTAL 200.0 [290.0 |148.5 [148.5  |200.0
GA/BYCO(%) [1.0 1.5 2.0 4.0 4.4

FR6L

i nvention may be

(1) BYCO E- type of hydrolyzed gelatin

(2) GA (25%)- 25% aqueous solution of glutaraldehyde

(3) CHG(20%)-20% aqueous solution of chlorhexidine di-gluconate
(4) FBP-Flurbiprofen
(5) P.W.- pure water
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i nvention may be used in a variety of
exanpl e,
wheouses73 n the treatnent and/or preventi on of PCT/IL2004/000252

nci dent to

A further preferred usage of the

%ofi‘y@o\‘jl\%@(?béﬁ?ﬂ'tlél Rstedt MEREBRM wdr@ prepared as in

nto the

The 1i qui

it may
to facilitate the healing of guns after

prevent the problem

PockRiIReR oftBfece3anddFBRIn ethanol were mixed
now be further

d

precursor conpositions i ni#alsl® 1 bel ow were prepared

according to the follow ng procedure: the hydrolyze
gel Bl R aRCogp! etely di ssjol ved50m9chl or hex508t ke
di - béﬁld B (CHG 3ol ution Iop wat er, thengthe
sol BEEEASGR he—plastierzer—CgtyTeriTy T gbmanol . the
cr odsYRkEng agent (GA) — thel* sbl utien—et—he
sur (20%) (Tween 80) in eth@rmol and the sidtHition
t he[TWEENPiRRr of en (FBP) in efliddhol were add@d) Each
con @CQO‘%{?S added after cpypsetely dissgBving the
f or pey—oRe—The—ixing was TR Ei ed out by &
nmec cal stirrer at 500 RPM ™ at room-tenrperature:
The|fhirgwiatepr ecursors were  28&h poured iang | ev d
nol ﬁ?ﬁ;%masolidfilmalfﬂ,@r dryi ng at -Cfor
48 éTAEﬂ ';La'ui eI Formurati gjyg¥p. 500-3 1506@.3 1500;5
1500= 0-16—tnrgredients—gr— BYCO E 50.0 50.0 25.0
25.0 22.5

Example 3

The liquid precursor compositions showed in Table 3 were prepared in a

manner similar to that de

plasticizer instead of glycerin.

scribed in Example 1.Triethyl citrate was used as



GLYCERIN 5.0 5.0 5.0 5.0 2.5 GA(25% 2.0 3.0 2.0 4.0
4.0 TWEEN 80 15.0 10.0 5.0 5.0 5.0 CHE20% 125.0
wa2e40863 5 63.5 62.5 FBP 10.0 10.0 2.5 2.5 2rGI/1208/000252

43.0 52.0 30.5 28.5 91.0 ETHANOL 40.0 35.0 15.0 15.0
10.0 TOTAL 290.0 290.0 148.5 148.5 200.0 GA/ BYCO %

1.0 1.5 2.0 4.0 4.4 (1) BYd®E£- type of hydrol yzed
gelatin (2) GA (25%- 25% aqueous sol ution of

gl ut ar al dehyde (3) CHG 209abR0%6 aqueous sol uti on of

chl or hexi di ne di-glu [ilﬁatlbﬂ—) s6BP Hl ur bi profen (5)

P.W- pure water V\D L2004/ 000252
-18- Exanple 2 The | Fayﬁﬂ 1°11 GDc "_elonposi ti ons
listed in Table 2 wefel§g Aar ed 28 | Exanpl e 1,

except that the sol ufl.Bri of Twdeh 80 and FBP in
leitgzargl p\rlvggﬁrrsno)r(edT t(plgggjo@ bepaye adding to the

. a’WE"E ron 1 T(r). 500-9
500-10 Ingredients jh gF N’SIWS‘;’KS 25 22.(5) GA(25%
4.0 4.0 TVEEN 80 10[HS20Y) Q482004 63.5 63.5 FBP
2.55.0 FBP

P.W 30.5

ETHANOL |15.0
TOTAL 142.5

GA/BYCO(%) |12.2

T.E.C-triethyl citrate

Example 4

The liquid precursor compositions showed in Table 4 below were prepared
according to the following procedure:

Hydrolyzed gelatin was dissolved in pure water using a mechanical stitrer
(500 rpm) at room temperature. After complete dissolution, all the remaining
components were added to the hydrolyzed gelatin solution. Each component was
added after complete dissolving the former one. The cfosslinking agent was
added in two distinct portions. The liquid precursors were then poured into a

leveled mold to obtain a solid film after drying at 22+C for 48 hours.

Table 4
Formulation [500-17 500-18
Ingredients
BYCOE 22.5 22.5
GLYCERIN 2.5 2.5
GA(25%) 4.0 4.0
TWEEN 80 5.0 5.0
CHG(20%) [62.5 62.5
FBP 2.5 2.5
P.W 91.0 91.0
ETHANOL [10.0 10.0
TOTAL 200.0 200.0




Pure water 28.5 41.0 ETHANOL 15.0 12.5 TOTAL 148.5
158.5 Exanple 3 The liquid precursor conpositions
WG baweshsrh Table 3 were prepared in a manner BCTAL2804/000252
to that described in Exanple 1. Triethyl citrate was
used as plasticizer instead of glycerin. WO
2004/ 084873 PCT/ 1 L2004/ 000239 —-19- Table 3
Forrmul ati on 1555-7 Ingredients gr. BYCO E 22.5
TEC45 GA(25%9 2.0 TWEEN 80 5.0 CHG20% 62.5
E’éﬁ%@c% P.W30.5 ETHANOL 15.0 TOTAL 142.5
CX(/(r)) 2.2 T.E Gtriethyl citrate Exanple 4
The THedliquidpreeussocompositiens shaveed ikeble hweebprepared. In all

bel ow wer d d ; :
it o S ST S At o i

wat er. using a ical sti : :
YR BEp et AR GPe Cop s b Gt FoR Y, §ARas n the
lidREPrQ&r of 500-34 tannic acid was added in a powder form, the solutions

of tannic acid in pure water were used in both liquid precursor compositions of

500-35 and 500-38.

Table 5
Formulation 500-34 | 500-35 | 500-38
Ingredients
BYCOE 4.5 4.5 3.6
Glycerin 0.5 0.5 0.3
Tannic Acid 0.3 2.0 0.5
Tween 80 1.0 0.5 0.7
CHG(20%) 2.5 12.5 13.0
FBP 1.5 1.5
P.W 13.5 23.5 10.8
ETHANOL 2 6
TOTAL 25.8 51.0 28.9
TA/BYCO(%) 0.1 0.4 0.1

Example 6
The purpose of this experiment was to check the effect of a hydrophobic

polymeric component, namely Eudragit L-100-55, in the formulation as an
appropriate phase for FBP which is a hydrophobic active agent. The liquid
precursor composition showed in Table 6 was used to form the drug delivery
solid implants of 500-42. The preparation process was the same as that described
for Example 4. An ethanolic solution of Eudragit L-100-55 which included also

Tween 80 and FBP was prepared prior to addition to the liquid precursor.



conponents were added to the hydrol yzed gelatin

sol ution. Each conponent was added after conplete
waele®sos487hg t he fornmer one. The crosslinki ng aPERIL20&H000252

added in two distinct portions. The liquid precursors

were then poured into a leveled nold to obtain a

solid filmafter drying at—22=C for 48 hours. Table 4

Formul ati on 500-17 500-18 Ingredients BYCO E 22.5

22.5 GYCERIN 2.5 2.5 GraBR%9 4.0 4.0 TWEEN 80 5.0

5.0 CHE20% 62.5 62.5 FBP 2.5 2.5 P.W91.0 91.0

ETHANCL 10.0 10.0 0 79004241 WO 2004/ 084873
PCT/ 1 L2004/ 000252 Fo aﬁ&ﬂ Tt

atpte 15 The|l i quid precursor
conposi tions shom@;&%@ e 5 vere—pHepared. In all
fornul ations tanni[B%¥eOdEwas usdf-%as tlhe crosslinking
agent instead of C:‘}.Eudf@tLﬂ)O@-ﬁératG on |process was the
same as that descrp ezgo Exanplie 4. Whereas in the
Pi

l'iquid precursor o

ldlllll id was added in a
powder form the s G&\@h QQ‘?:C acid in pure
wat er were used i nlH Eur slor conposi tions
of 500-35 and SOO’BHEEMBDe 5 Aerthul ati on 500- 34
500- 35 500-38 | ngfreiaNGL 12.0

P.W 22.8
TOTAL 74.0
GA/BYCO(%) 104.2

Example 7

The liquid precursor compositions showed in Table 7 were prepared and
used to form the drug delivery solid implants of 500-47 to 500-53. The
preparation process was the same as that described for Example 4. In this

éxample the hydrolyzed gelatin was dissolved in a mixture of water and ethanol.

Table 7
Formulation |500-47 [500-48 |500-49 |500-50 |500-51 |500-52 |500-53
Ingredients gr gr gr gr gr gr gr
BYCOE 5 5 2.5 2.5 3 3 3
GLYCERIN |1 1 0.5 0.5 0.4 0.8 0.8
GA(25%) 1 2 1.3 1.3 1.6 1.8 1.8
TWEEN 80 |1.6 1.6 0 0.7 0.3 0 0.3
CHG(20%) |20 20 12.5 |12.5 12.5 {13 13.5
FBP 2.4 2.4 2 1.5 1.5 1.6 1.7
P.W 46.5 |48 244 244 |304 |54 29.7
ETHANOL (12,5 [10.5 |11.25 925 19.5 9.5 9.5
TOTAL 90 90.5 |54.45 |52.65 [59.2 |83.7 160.3
GA/BYCO 5 10 13 13 13 15 15




BYCO E 4.5 4.5 3.6 dycerin 0.5 0.5 0.3 Tannic Acid
0.3 2.00.5 Tween 80 1.0 0.5 0.7 CHE20% 2.5 12.5
waodosBP 1.5 1.5 P.W13.5 23.5 10.8 ETHANOLPQI/B.2004/000252
TOTAL 25.8 51.0 28.9 TA/BYCO(% 0.1 0.4 0.1 Exanple
6 The purpose of this experiynent was to check the
ef fect of a hydrophobic pol4AaTeric conponent, nanely
Eudragit L-100-55, in the formulation as an
EfRRpRM i ate phase for FBP which is a hydrophobic

active agent. The liquid precursor co [ %i on showed
i n Thie Egsidvpscqussar eQMPeY @rﬁgoafﬁdgmdgggf?e ywag gergred and
i mpl ant f 500-42. The..qr. i
s T3 Ry BRSSP OB AR M Raldien proces
W%.so Wthg:]s!agtga gﬁ; gﬁ’\‘; g%?&iﬁedl-fol‘ Gransh 1k, & thid Bt4iesle @hs ehlorhexidine

was prepared prior to addi'tion to the
(CHRYI dityidessHlefde Was20R4d 0848 The PaMitdc2dsl/ G@eac2instead of
-21- Table 6 Fornul ati on 500-42 |Ingredients EYCO E
chdothexidine diglucanpo®d- 55 2.0 GA(25% 1.2 CFlG20% 25.0
FBP 3.0

Table 8
Formulation |500-67
Ingredients gr
Byco E 3.2
GLYCERIN |0.5
GA(25%) 0.8
TWEEN 80 [0.1
CHXHcl 2.5
FBP 1.5
P.W 10.8
ETHANOL [9.2
TOTAL 28.6
GA/BYCO [6.25

Example 9
The effect of GA/hydrolyzed gelatin ratio was determined by preparing the

liquid precursor compositions shown in Table 9.



TWEEDY 80 2.0 ETHANOL 12.0 P.W22.8 TOTAL 74.0
GA/ BYCO(% 1104.2 Exanple 7 The liquid precursor

W@ 0ops4sr3 ons showed in Table 7 were prepared BOTIL20@080252
to formthe drug delivery solid inplants of 500-47 to
500-53. The preparation process was the sane as that
descri bed for Exanple 4. | 1 28hi s exanpl e the
hydrol yzed gelatin was dissolved in a m xture of water
and ethanol. Table 7 Formabi #on 500-47 500-48 500-49

SO0 50 SRR BB TR T o of
0.5 0.4 (ngredigntsoafessoy 125 1 381 31 (8 ¢ 3 o
TWEEN 80|BY6QLMs 0 (3.7 0. 3|5%*0. 3/5-LHG 2093 20 20 12. 5
12.5 12. GOSCERDY [BP 2. 4[02 4 2[0185 1.50186 1.7 P. W
411(15 2548 ﬁ%ﬁzfﬁi)ﬁrdﬂ'-é 5& *92 7M THANCL 224 5 10.5

83 7 60 HLWELNSE B2, 13002 zgo?.%’ib“% Saiop4a 75
PCT/ | L20§4A600%D {222 Exidipl e Bthe |idriH prefursor
conposi t (KBP showed 27 Tabl 2.8 wag.@r epar b and _used

to form Ih_w_dr ug deljggery 5@ 5d |1k ant s{19f5 500-67.
The prep%é’f‘ﬁﬂfot’ YRS (06 [9.2 12.1

TOTAL 62.7 63.6 [61.3 66.2
GA/BYCO |7.89 10.19 {13.46 11.32

Example 10: Bilayer film: A lamination film forming process

A bi-layer laminated film forming pfocess has been provided where each
layer contains either CHG or FBP. The formulations of both layers are shown in
Table 10. The liquid precursor composition of each layer was prepared according
to the scheme in Fig. 1. The liquid precursor of layer I Wés first poured into a
leveled mold to obtain a solid film after drying at 22°C for 48 hours. Then the
liquid precursor IT was poured onto the solid film of the layer I to obtain a bi-

layer laminated solid film after additional drying at 22°C for 48 hours.



was the sane as that described for
Exanpl e the chl or hexi di ne
wasedosss73 he anti bacteri al
chl or hexi di ne di gl uconat e.
I ngredi ents gr

preparing the

Exanple 4. In this
(CHX) di hydrochl ori de was
agent instead of PCT/TIL2004/000252

Table 0 Fornul ati on 500-67

Byco E 3.2 G.YCERIN 0.5 GA(25% 0.8
TWEEN 80 0.1 CHXHcl 2.5 FBA-1.5 P.W10.8 ETHANOL

9.2 TOTAL 28.6 GA/BYCO 6.25 Exanple 9 The effect of
GA/ hydrol yzed gelatin rati o was determ ned by
liquid precursor conpositions shown in

Tabl e 9. WD 2004/ 084873 PciJﬁgzlgpM 000252 -23- Table
9 Fornul ati on 500 -72 500- 73500 74 500- 75
Ingredients gr gr gr gr BYCOMS5.7 5.4 5.2 5.3
GLYCERIN 0.9 0.9 0.8 0.9 GA(25% 1.8 2 2 2.8 2 4

ForiBbs 0 5002401 2 50024011 P 500-95-1 | 500-95-11| 500-96-1 | 500-96-I

Ingredients

BYCOE 2.4 1.2 2.4 1.2 2.4 1.2

GLYCERIN | 0.36 0.18 0.36 0.18 0.36 0.18

GA(25%) 1.3 0.6 1.3 0.6 1.3 0

TWEEN 80 | 1 0.15 0 0.15 0 0.15

CHG(20%) | 15 0 15 0 15 0

FBP 0 1.7 0 1.7 0 1.7

P.W 20.2 249 20.2 24.9 20.2 24.9

ETANOL 0 0 0 0 0 0

TOTAL 40.26 28.73 39.26 28.73 39.26 28.13

GA/BYCO 13.54 12.50 13.54 12.50 13.54 0.00




CHG(20% 24.2 23.3 23.3 23.3 FBP 2.7 2.6 2.6 2.6 P.W

18.4 19.5 17.2 19.5 ETHANOL 8.8 9.6 9.2 12.1 TOTAL
W®2004/08875 61.3 66.2 GA/ BYCO 7.89 10.19 13. 46PQWII2A04/000252

Exanpl e 10: Bilayer film A lamnation filmformng

process A bi-layer lam nated filmform ng process has

been provi ded where each 1-%56T contains either CHG or

FBP. The formul ati ons of both |ayers are shown in

Tabl e 10. The liquid precursor conposition of each

| ayer was prepared according to the schene in Fig. 1.
Exkmpld tui d precursor of layer | was first poured into

WECERCRRE LI RN F RO
d ot L i f: . iy
oGBS B ) i i et 88 g e

cotlaiRe FRH aeAfeparsion pEAL WA/ 1AB4RTE PEdeks 08 Ahe @RS Aayers
-24- Tabl e 10 Fornmul ati on 500-94-1 500-94-11 500-95-|
waDBhOSahie. SDRe Formukadnocef lall laygredire shovaydn Eablegll. The

1.2 2.4 1.2 2.41.2 QY I.N O. 0. 0 0.18 3
prepargtiomAyresess of ghe .lﬁnma%ﬁglmlg%‘/ﬁ%\é%@gowﬁs 6?‘%8“%‘3‘1 as

0.15 0.0. g : _ .
o L LRI 195 R By g i
1a§e21%nd TH 6 1105186 A3hd $aydP 1B ByZfoufihgdhefad pidtursor of layer
IIT and subsequently drying at 22+C for 48 hours. The entire process is described

in Fig. 2.

Table 11: Three layered film

Formulation 500-109-1|500-109-I1 |500-109-111
Ingredients gr gr gr
BYCOE 1 1 1
GLYCERIN 0.15 0.15 0.15
GA(25%) 0.32 0.32 0.32
TWEEN 80 0 0.1 0
CHG(20%) 2.74 7.4 2.74
FBP 0 1.44 0
P.W 14.76 9 14.76
ETHANOL 0 5.2 0
TOTAL 18.97 24.61 18.97
GA/BYCO 8.00 8.00 8.00




GA/ BYCO 13.54 12.50 13.54 12.50 13.54 0.00 WO
2004/ 084873 PCT/1L2004/ 000252 -25 Ey,anple 11 A

wWao pdo4iosuges | aminated filmform ng process has PEEIL2004/000252
devel oped where the outer layers (layer | and |ayer
I'1) contain CHG whereas the jntermediate |ayer
contai ns FBP. The preparatiofi process of the liquid
processor of the outer layers was the same. The

Efampld 32i Scadediiparbdicdioarproaess shown in Table 11. The
preparati on process of the lam nated filmof |ayer |
and Il was perfornmed as described in Scheme 1. The
| ayeFhe iprodwentianheh theaitpkang desivecok the invientign gvagppcaled up to

| | d Il th id f the | I, b
SECFUTNINC T iy MO

o ocBSURliLp, BECES RRRlci 4 AIRLERYmEQRRRIILER and the
sl & ehsirhixed foeusHliat GBreBAGyd0ftdedRthe Iniking was continued

500-109-111 Ingredients gr gr gr BYCOE 1 1 1 .
foBL1¥aERL. NChlotshexidinealigihcome 26hition-302 0w e addabandnpbang was

80,0 0.1 0 _ CHE 209 4 7.4 2,74 BP 0 1.44 0O LW
continpsdafora S7gin oML IgAE sobTiororafe vas gidsd g e Solution

18. 97 YCO 8. 00 8.00 8.00 WO 2004/084873
WL ed S D 0082 - 26

Flurbiprofen in an alcoholic solubilizer mixture was added and the mixing

of the resulting mixture was continued for further 15 min. The formulations of
the precursors are shown in Tables 121 and 12II for the scale up to 2Kg and 6Kg

respectively. The preparation process of the precursor solution is shown in Fig. 3.

Table 121: scale-up to 2 kg

Formulation

W(g) W(%)
BYCO 180.0 9.2
Glycerin 27.0 1.4
GA (25%) 56.0 2.9

Tween 80 5.0 0.3
CHG(Q0%) |765.0 39.0
FBP 85.0 4.3
EtOH 309.0 15.8
H,0 533.0 27.2
TOTAL 1960.0 [100.0

GA/BYCO ]0.078 0.078
glycerin/Byco [0.150 0.150




Exanpl e 12: Scal ed up production process The

production of the inplant device of the invention was
waeeakeshstop to 2Kg and 6Kg. The producti on pr OREBBEL.20@i8000252

carried out as follows: Hydrolyzed gelatin was

di ssol ved in an aqueous/al cohwl sol vent and the

solution was m xed for 45mn%?’ @ ycerin was added and

the m xing was continued for 15 m n. Chlorohexidi ne

di gl uconat e sol uti on-20% was added and m xi ng was

continued for 15Table 12 :8ailatipgetybeutsoKig i on 10% was

added and the solution was mxed for 15 mn.

Fl urbi profen in c[solubi i zer i xture was

added and the m%‘.’.@h&g‘ﬁﬁ mi.c |$ﬁuiti W(or'fll ture was

continued for funther 15 mn 8 %afions of the

precursors are shBWE€@n Tabl ¢680.01 ahd 1211 for the

scale up to 2Kg éﬁtyo@ﬁg respgr.0i velly4 The preparation

process of the prgau soly I$ghowmn in Fig. 3.

Tabl e 121: scal e-G%{%z@ Ky "IS%QI alz'gu ng) W%

BYCO 180.0 9.2 . )ﬁ;&-&-{ﬁéﬁ/@ 56.0 2.9

Tween 80 5.0 0.3 |[CHW20%eh 76204989 )3.7FRP 85.0 4.3

Et OH 309.0 15.8 |FBP 533.0 27230.0TO[AD 1960.0 100.0

GA/ BYCO 0. 078 0. OggHpgal yceri ndBygo 01450 0. 150 WO

2004/ 084873 PCT/ | =I§6UL” Uuu45i.17g54'd 33.0

TOTAL 5720.0 [100.0

GA/BYCO 0.078 0.078
glycerin/Byco [0.171  [0.171

[N y—




Table 12 1l: Scale up to about 6 Kg Formulation Wagr)
W% BYCO 480.0 8.4 dycerin 82.0 1.4 GA (25%
wa 4084875 Tureen 80 13.0 0.2 CHE 20% 2040.PCBH.2604/000252
FBP 230.0 4.0 EtOH 940.0 14.7 H20 1785.0 33.0 TOTAL
5720.0 100.0 GABYCO 0.078 0,078 glycerin/Byco 0.171
0.171 WD 2004/ 084873 PCT/ | L2894/ 000252 - 28- Exanpl e
13: In-Vivo efficacy trial The efficacy of the device
of the invention was indicated by probing pocket
EﬂapmlslﬁPHDVN@efMalcymeelth usi ng a standard 15nm
North Carolina periodontal probe. The pocket depth

was f dCB
2 TREYAboiope Anies sty s onpubl Saadatesy poin

péckiey ederghd G@Pﬂ)at&)m gll soweth rusihg pd astamdpravabSthod, INmEth Blarolina
pl acement of a FBP/ CHG i rrgl ant of the invention
p@m@@@h pigbes The @Oﬁlgetoqlepé veashierpErlesebefore padt afigt insgring the

agyige S0t PR SRt RaR, ol e AR ﬁafa@%EEES% scaling
arflf %Btng)@r(@/g\gasr %Hg&g%b# E)la{_llfaé’grsﬂtls Bt PRPROAC h& ﬁlant of the

treat are A conpar i SO

intveatioasoasisting doO W5 hapweénclilbthegidine adiyglukondte and 1.5 mg
device of the present invention, termed hereinafter
ﬂcu’blprqfemsforraulat@bma|bg¢dﬁ$rgd®lqg:r@s -linked fish gelatin matrix. The

probing pocket depth (mm) and reduction in pocket depth upon the treatment (%)
are shown in Table 13.

A comparison test was carried out between the efficacy of the device of
the present invention, termed hereinafter Chip Plus, and comprising 2.5 mg of
chlorhexidine digluconate and 1.5 mg flurbiprofen and that of a device containing
only 2.5 mg chlorhexidine digluconate, termed hereinafter PerioChip and
prepared according to the procedure described in US 5,023,082. The results are
demonstrated in Fig. 4. The data show that a significant reduction in pocket depth
is obtained upon using Chip Plus than PerioChip during a comparable period of
treatment. In fact it was not clinically necessary to use Chip Plus over 3 months
of treatment, while the pockets that received PerioChip, remained >5 mm in

depth after 3 and 6 months of treatment.

Example 14: The in vivo release profile

The objective of this experiment was to determine the release profile of
both CHG and FBP in periodontal pocket in-vivo. The Chip Plus was inserted
into a periodontal pocket of 5 mm or more in 5 volunteers (12 pockets). The
gingival cervicular fluid (GCF) was collected by inserting Periopaer Gingival
collection Strips (HARCO Company Inc.) into the pocket for a predetermined
time interval. The GCF sampling was carried out prior to Chip insertion for a

zero time sample and at one hour, 24 hours, 2 days, 3 days, 6 days, 8 days, and 10



chl or hexi di ne di gluconate and 1.5 ng fl urbiprofen and

that of a device containing only 2.5 ng chl orhexidi ne
walghuossnat e, ternmed herei nafter PerioChi p andPCT/IL2004/000252

prepared according to the procedure described in US

5,023,082. The results are nonstrated in Fig. 4.
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shown in Table 14 and Fig. 5. Table 13: In Vivo
rel ease of FBP and CHG PerioChip ChipPlus Chip Plus



Time(hr.) CHE ppm Tinme(hr.) CHE ppm FBP (ppm 1 1162
1 8948 7382 24 515.8 24 1816 877 48 841 48 186 59

wQ204082872 125 36 144 127.1 96 30 192 103 168rCT/112404/000252
69.4 WD 2004/ 084873 PCT/1L2004/ 000252 -30 Table 14:
Probi ng pocket depth (mm an? reduction (% upon
treatment with Chip Plus Pa 9§nt # 1 Pocket depth
Pocket depth Pocket depth Reduction(% (nmm at tine =
Ol'4blel 4aPrebirg pochetalepth (lampandeduotion (%o Pupén 6katment
2 <260 6 2 <2 67 7 6wkh’GhipPhs?2 57 Patient # 2
Pocket depth Pocket depth Reduction(% (mm) at tinme =

Pa&l@ﬁl ﬁ‘if Ler 2 PO&H%EEEII © ?Paizf%d’?ftﬁ eI pdtkedt debRT N®Reduction(%)
ept h Pocket - Redycti gn d
af Itoer 1 m)n({rﬁﬁ)oé} s QG i rn‘m a&m&j Wer’s %{m})}
months months
5 2 <2 60
5 2 <2 60
6 2 <2 67
7 6 5 29
7 3 2 57
Patient # 2 Pocket depth Pocket depth Reduction(%)
(mm) at time = (mm) after 2
0 months
6 3 50
Patient # 11 Pocket depth Pocket depth Reduction(%)
(mm) at time =0 | (mm) after 1
month
7 4.5 36
5 2 60
Patient # 12 Pocket depth Pocket depth Reduction(%)
(mm) at time =0 | (mm) after 2
months
7 4 43
Patient # 14 Pocket depth Pocket depth Reduction(%)
(mm) at time=0| (mm) after 1
month
5 3 40
6 3 50
7 3 57
7 2 71
7 3 57
Patient # 15 Pocket depth Pocket depth Reduction(%)
(mm) at time=0| (mm) after 3
months
5 2 60
5 1 80
6 1 83




5 2 60 Patient # 12 Pocket depth Pocket depth
Reduction(%9 (nmm at tine =0 (m) after 2 nonths 7
wa2003/0848a3 i ent # 14 Pocket depth Pocket depth PCT/IL2004/000252
Reduction(% (m) at time = 0 (mm after 1 nonth 5 3
40 6 350 7357 7271 1 357 Patient # 15 Pocket
dept h Pocket depth Reducti 6rr7(]0/<)‘ (m) at time = 0 (M)
after 3 nonths 52 60 51 10 6 1 83. WD 2004/ 084873
PCT/ 1 L2004/ 000252 -31 Exanple 15: The in vitro
ExahphsES:[Thd imadtronelchsetptateateHietBodfoPOHGand
Peri oChip were placed into a test tube wth a protease
sol YehipnPls gnd E’@rla&?thﬂmw?reanl@cmh doiapelgst Gibgomdth a protease

solydiciy of o aP0iio. 4381 el Bilen S°F dirbs b epo AL E pyenty four
ho?lg% Af gagﬁﬁftilﬁé HoRRSBeIRbiL E(élgﬁiogqg @Emboed s ﬁﬁggsis Ghi® fresh

eas romthe chilp st etermned Int

proteapt sohftiodaish atlded tpothet Chip. e€HGatleasedafitbm the chip is then
spectrophotonetric nethod. The results of CHG rel ease |
deteroninehimptie sagnls of 6aghatise peint hrexgaction and spectrophotometric

method. The results of CHG release from Chip Plus as compared to that of

PerioChip are shown in Fig.6.



Peri oChip are shown in Fig.6. WO 2004/084873

PCT/ 1 L2004/ 000252 -32 Exanple 16: In vitro rel ease of
W@RiB4/08483%5 0l uti on nmet hod The rel ease of CHG f reem/Ia0®/000252

Chip Plus and PerioChip was determ ned using a

di ssol ution nmethod at 37=C. g’%e di ssol ution test was

performed in a 900 mnl water”Tontai ni ng 2% Tween 80. 5

chi ps were placed in each vessel containing 900 nm of
Exampleé $6olnuvitrorreteadé ofrCH(EeEummomp@mbdNas set at

éggh{" mrﬂgg%fo Egﬁgt o dg{g %g%g];l:%emt ¥ Exlgjlasp aetermlned
wE st RAg IR TS T

m@Wa@et%dﬂﬁalﬁ{r%nI% THees80. bahghegere ﬁl@éﬁlﬁfrﬁgadhevessel containing
Peri oChip Periochip Chip Plus, Chip Plus, Chip Plus,

O@hind &f s, d@hﬂ)];utl@humdlmat tThe bla&lt@trﬂpebétwaﬁs sttastchd) rpm. The
bat ch5 . Ti

arppjlol Céﬂg%ﬂ“@sw gﬁq % %l@ atee 1@@%@@%‘% ?@t@ynined

usi? IngPEC 5t e i o3 stimgaryin, P o A Spown in

Fgﬁ'\/itro rel ease of FBP The rel ease of FBP from Chip
us was determ ned using a dissolution nethod at
37C. The dissolution test was perforned in a 900 ni

TuBlee15¢ QUHGE-NIIAY Vid'e TerRase &Y. CHipePhlN Fpone deffedeatcBatches,
cdlﬂggp&fm\ll_ggﬁg lﬁgnt aining 900 mM of the dissolution

um t speed was set at 100 rpm The

anmountpglochipX r@hﬁoalslﬁg 1@1%1 CHiPPLAL [€RGPRS! NChip Plus,
of t!fre was dleteggfbﬁ]p %51 h3rre hggtphél'he batch5
R a%‘cﬁ%’fﬁﬁmw ORGSR [CHGEE ICEG(%)
0o 0- " o 0 0 0
1 50.2 16.9 15.6 14.9 14.4 18.9
3 59.5 20.8 22.8 21.2 22.1 28.6
6 62.3 38.1 43 39.9 46.1 52.6
24 68.9 85 84.7 83.7 92.9 91.4

Example 16: In vitro release of FBP

The release of FBP from Chip Plus was determined using a dissolution
method at 37°C. The dissolution test was performed in a 900 ml water containing
2% Tween 80. Five chips were placed in each vessel containing 900 ml of the
dissolution medium. The basket speed was set at 100 rpm. The amount of FBP
released from the chips at each point of time was determined using an HPLC
method. The results of release profile from different batches are summarized in

Table 16 and shown in Fig. 8.




Table 16 and shown in Fig. S. WD 2004/084873

PCT/ 1 L2004/ 000252
wo-kaonios4srof en from several

-33 Tabl e 16:

In vitro rel ease of
bat ches of Chip Pl uBCT/Babe#no2s2

1 Batch 2 Batch 3 Batch 4 Batch 5 Tinme(hr.) FBP(%

FBP(% FBP(% FBP(% FBP((r)ég
8.1 8.2 11.3 13.2 3 25 28.77

)

000000 109.7
8.129.8 40.1 6 53.5

58.9 47.9 57 67.3 24 92.7 92.2 79.6 93.1 97.2 WO
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i nfl ammatory agent

cross-1inking agent present
to render said pol yner water-insoluble,
permtting the

rang

Ing from about
1:5. 2. The systemof Claim1l further conprising a

in

an

(1 10 about

whi | e

anmount sufficient

rel ease of said active agents from

said delivery system 3. The systemof Caiml or 2
further conprising a plasticizing agent and at
one of a wetting agent,

a periodontal

pocket .

a suspendi ng agent,
surfactant and a di spersing agent.

4.

a

| east

The system of
anyone of Clains 1 to 3 adapted for administration to




5. The systemof Caim4 having in-vivo rel ease
properties that yield to reducing the periodontal
w@omkmesssdept h of a patient. 6. The system of QOPEI/M2404/000252

bei ng such that it biodegrades in the peri odont al
pocket thereby becom ng soft and adhering to the
peri odontal pocket. 7. The §§§t‘em of Caim4 that once
| ocated in a periodontal pocket gradually releases
said anti-inflammatory agent over a period of at |east
about 48 hours, and said antibacterial agent over a

‘of at |east about 72 hours, during which said

SR IERRAES, A FoS Sl BRRAL I ool HEEIETEh sstem
bgﬁ{gqﬁta%%ha 1R dNALE ForhP |E0A fin Rt Qo o B! ahehp%sg%hsmg:

| ul ose deri vat starch or starch derivati ,
gl y¢ie awlodagﬂaww@)ﬁbmermﬂﬂb @haenacetiBally acceptable polymer;
(pol yvinyl pyrrolidone), gum acacia gum

pol 91‘1/) m%er@euan@lly eiﬁ@ﬂtimwmwny@f nslleam basterial agent; and

pol mz ARy TSR oL POARSL St Ry Sh fmatory agent,
aC| ﬁggwi&gﬁ7&&%@6&*‘3@%%@%&%&&@3 ent and the anti-

polyglyco IC ac copol yners actic and

pol seflamedhicsy agést, rangmg)fﬁﬂiwﬁmtdk$ t@ablout 1:5.
pol yorthoesters. 9. The system of anyone of Clains 1

2.0 Thevsystes of £aim dnﬁxrthcnfsompntamgra/ cmg@ﬁmkﬂg agent present in an

non- st eroi.dal anti:-i nf tor ent 10. The
amounk Fpgfcl Eﬂwéellﬁerd PO, vGsTrng NE]F Qilg pgrm}%tmg the

ein said filmis
%&%%%ééb @ﬁeﬁé@%{gﬁrﬁcﬁj& Sgdadéﬂv%% W ‘and from about 1
3 0 TaRAYstetn BFCIAIMM @D fRRdef é&ﬁpﬁﬁﬁgta ﬁla&i’clilﬁg %@@Mt and at Jeast

.0 mmin thickness. 12. The system of
onb of eiwetting dgowt] & suspehdingeagpni asurfactnt aihdea tlfspelfsmgragent
the group consisting of gel at| n, coI | agen, al bum n,
4n ez systeranaf ranppne ofeklaims. 1 Re3sgdanied der @dminisiration to a
V\,hereln]tsald wat er-sol ubl e protein is gelatin. 14
Claim 13 wherein said gelatinis

?y dflf%' %}é%ﬁqe rgg Itgﬁlgg ﬁéﬁ@u)[ 1%2\;1%?9 2&1??%@0@0?@%%3 ghétfylgdatb%ducmg
the periodontal pocket depth of a patient.

6. The system of Claim 4, being such that it biodegrades in the periodontal pocket
thereby becoming soft and adhering to the periodontal pocket.

7. The system of Claim 4 that once located in a periodontal pocket gradually
releases said anti-inflammatory agent over a period of at least about 48 hours, and
said antibacterial agent over a period of at least about 72 hours, during which said
system changes into a soft material.

8. The system of anyone of Claims 1 to 7 wherein said polymer is selected from
water-soluble protein, cellulose or cellulose derivative, starch or starch derivative,
glyceryl monostearate, carbomer, PVP (polyvinylpyrrolidone), gum, acacia gum,
guar gum, polyvinyl alcohol, polyhydroxyethyl metacrylate, polyhydroxymethyl
metacrylate polyacrylic acid, polyacryl amide, polyethylene glycols, polylactic acid,



by a curing process in the presence of a cross-Ilinking
agent, wherein said curing process is selected from
W0 b@408480p consi sting of heat, humi dity, pressPCEIL2004/000252
radi ation, and the vapors of a cross-linking agent.
16. The system of C aim 15 \/\?ﬁrei n the cross-Iinking
renders said protein water- insol uble, while
permtting gradual release of the active agents from
pelaglycslist eeid, Topolymeersy of epobflactivy oagidofandl apalpglycelic acid,

6 erejn said polynmer is present at a concentration
Pélﬁ'a‘\éﬁmd%@ﬂ P9 e{fSut 70% 18. The system of
. or oi : asti ol zi s .
) WSRO RoPe P MR Bl SR80 PRy agents
a H8h1sYbi ¢ antiREMARMaRTy aBHi(INIAITY). ycol esters of
fatty acids, refined mneral oils, canphor, oleic

1GiciTthe sgststnoof aiyone ob Ohainis| 1 @rflirsthgdorm af adiinl.s. 19.
The system of Claim 18 wherein said glyco] derivative

11.s They system. of XlainrHd, sxheraimsard @m isronyakew; htosabept 6 mm in
| gsti ¢i.zi ng, age [ resent at. copcent.rati f
el 56 pOROT oy b 2EBY b Vi E ORI G fReabout 1.0
nﬁlfxlirphﬁ&gfeg- to 20 wherein said anti bacterial agent is
selecte Fr'om t he group consisting of penicillin,

1Z.eghels9stear bNCldiat § adieedinpeid wakykelubdeprtéinds sclected from the
chl ortetracycline, netronidazol e, chloranphenicol,

geupesmsisjiog 0f gBtincwlagen sabuREy /ani cpepmecod f8zinoges.

B B IR e

14 AT o R SR R e B T hracbRRegRelains,

15.NIHRMERKEH Yo 39§ Bhe bE ClaifiseCisc 4 W&E‘éih@ﬁicﬂ?él?ﬂler is cross-linked
consi sting of flurbiprofen, carprofen, diclofenac,

bf enbutiign prodesndn de presencd, off & cogsdinking hedite mdwirein said curing

aci d, ibuprofen, indonethacin, indoprofen,_. L
prasespisoiedasted Boeayhiegroup exuystoren! heatchwnidianpiesyapgradiation,

Rt koS Ricm LOBL oni e 2cids. sali eyl
161198158 L 17y 0| OO HARSORIR, 8 e
insofibaeavhil€ pémitteiof @atiial@elease of the active agents from said system.
17. The system of anyone of Claims 1 to 16 wherein said polymer is present at a
concentration of from about 20% to about 70%.

18. The system of Claim 3 wherein said plasticizing agent is selected from glycol
derivatives, phthalates, citrate derivatives, benzoates, butyl or glycol esters of fatty
acids, refined mineral oils, camphor, oleic acid, castor oil, corn oil and sugar
alcohols.

19. The system of Claim 18 wherein said glycol derivative is glycerin.

20. The system of Claim 3 wherein said plasticizing agent is present at a
concentration of from about 1% to about 15%.

21. The system of anyone of Claims 1 to 20 wherein said antibacterial agent is
selected from the group consisting of penicillin, cephalosporin, tetracycline,

oxytetracycline, chlortetracycline, metronidazole, chloramphenicol, streptomycin,



agents and said polynmer are present at a relative
wei ght ratio which ranges from about 2:1 to about

WA 2®4/024873 The system of Cl aim 3 wherein said PCT/IL2004/000252
pl astici zing agent and said polynmer are present at a
rel ative weight ratio which g@nges fromabout 1:10 to
about 1:2. 25. The system of ﬁyone of Clains 1 to 24,
wherein said periodontal disease is periodontitis.

ndnychm, ar alilfdedrhider ya phenelic f comporend, r eamernwriabf a quartemary

RTINS IR L i
EOTHE S0y A e PGP Pl P i

s ROBY Khé Btduy &)ﬁ%ﬁﬁgbf SuBsipyoTeh, ciastofidh, @@dlbfeﬁac fenbufen,
ingredient, I'n One Said at | east two Iayers sai d

feaclazma@gefmqopmfmg ﬁlfeammcr heids dbuadofaydandomasttiating indoprofen,
anot her | ayer of said_ at st two layers_ said active
keigpisdemn dprgzolar. dewaprofens mﬁﬁ%@mw tme@aiﬂalfs@@@e maproxen,

DB A i a9, LY. bAoA Yecams,
pitbEESH] t&?dﬂoa?ﬂ%t@&cﬂ&@ﬁﬂ@bxaﬁ%ﬁl i's chlor heXI di ne di -

gI uconate and said anti-inflanmatory agent is

23,1 Uty pistihe of adfoneldfeClajms értoQR wherein #6d dierdpeuticelly effective
said polyner is a protein. 29. The systemof C aim 28
agemiy endh saigl yolprr@r @rmpressemy@trwsflawe Festight ratiogehiciranges from
of CI 26 wherein said polyner is crosslinked
a‘?‘ﬁ"%?hglop?@’é of glutaral dehyde to yield a

245556 WP R g AR R 008 e

piR&eHitldt 61400 Ybeht ratiy which ARges Aontlghdul ¢F 10 tysboam :2.

accordl ng toclaiml for the treatnent of peri odontal
251i Thasgstens af dnpyet ehCleinsgl to24, wherie sl pariadontal disease is
dosage formfor admnistration to the periodontal
P?I&d@(ﬂtléf a patient for changing in said pocket within

2G5c ! B0y YRR S8R P g PR R system

bﬂﬁg‘iﬁ alsolid AP @k g S Tt %Ioécﬁﬁﬁhéﬁéﬂﬁ)n% §'pHEER3R comprising at
etween

least two layers, each of which having a matrix comprising a biodegradable or

o

bioerodible pharmaceutically acceptable polymer and an active ingredient, in one
of said at least two layers said active agent being an anti-bacterial agent and in
another layer of said at least two layers said active agent being an anti-
inflammatory agent, said system once in the oral cavity gradually releases the
active agents from said layers.

27. The system of Claim 26 wherein said antibacterial agent is chlorhexidine di-
gluconate and said anti-inflammatory agent is flurbiprofen.

28. The system of Claim 26 or 27 wherein said polymer is a protein.

29. The system of Claim 28 wherein said protein is hydrolyzed gelatin.

30. The system of Claim 26 wherein said polymer is crosslinked in the presence of
glutaraldehyde to yield a water-insoluble polymer.

31. The system of anyone of Claims 26 to 31 in the form of a film.



about 30 to about 50% hydrol yzed gel ati n and between

about 2 to about 7.5% crosslinking agent. 33. The
waeymnesased Cl ai m 32, further conprising betweePCHI®004/000252

0.5 to about 15% surfactant and between about 5 to

about 15% pl asticizer. 34. The systemof O aim 32 or

33, having in-vivo rel ease properties that yield to

reduci n? of the periodontal pocket depth of a patient.
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ant| bacterial agent and the anti- inflammuatory. agent
chgdp PighimBlut comprisipg dhsosustom of amr@cﬁfﬂl@sn%&% to 35.
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a patient in need of such treatment the delivery system of Claim 1.

40. The method of Claim 39 wherein said system is implanted into a periodontal
pocket.
41. The method of Claim 39 wherein said treatment is an adjunct treatment to
periodontal surgery, where said system is inserted into a periodontal pocket before
and/or after the periodontal surgery.
42. A method for the treatment of periodontal disease comprising administering to
a patient in need of such treatment a delivery system being in a solid unit dosage
form, said system comprising:
(a) a biodegradable or bioerodible pharmaceutically acceptable polymer;
(b) a therapeutically effective amount of at least one antibacterial agent; and
(c) a therapeutically effective amount of at least one anti-inflammatory agent,
the relative weight ratio between the antibacterial agent and the anti-

inflammatory agent ranging from about 7:1 to about 1:5.



cross-linking agent present in an amount sufficient to
render said polyner water- insoluble, while permtting

wo b@4ogisense of said active agents from said dedT/He2084/000252
system 44. A nmethod for administering an active agent
to the oral cavity, said rretgg conprising the
adm nistration of a delivery’systembeing in a solid
unit dosage form the systemconprising: (a) a
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e acc for use ina dental
4§UfIﬂ@fh‘16th5& oﬁlﬁaﬁ@m divhéretrD sélkiasy@té}ﬁ ﬁhﬁlﬁéﬁlo@nﬁﬁis@s a Cross-
delivery systemlsmtheformof fil
linking agent present in an amount sufﬁment to render said polymer water-

insoluble, while permitting the release of said active agents from said delivery
system.

46. The method of claim 44, wherein said delivery system is in the form of a film.
47. Use of an oral delivery system according to claim 1 in the preparation of an
agent adapted for oral administration for the treatment of a condition of the oral
cavity.

48. Use according to claim 47, wherein said delivery system further contains a
cross-linking agent.

49. Use according to Claim 47, for the treatment of periodontal disease.

50. Use according to Claim 47, for use in a dental surgery.

51. Use according to claim 47 wherein said delivery system is in the form of a
film.



