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directed to gispensing. an! jvery system including a continuously
sealing one Wa?;gvsalve assegnng%}}%géy(}%ygé%gﬁtgené‘%?8 ffalRpwralsleNc.
slistéfiedvihiereodrrinciitie preserativasiaiReQaseiyative free, while
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. . . . rat N
ByeyERting a; hackfi contaminants into the source of the flowable
substance. Tr?)gaapég\gr:ﬁ)r? %ﬁ?ﬁ%‘%ﬂ%ﬁ} Rrett Ariisnitte Sefir example, 580,

%N@H&és&rﬂmﬁemdImdﬂ&m&me@gﬁ!ﬁg%@ga@%[lﬁ lg%(?rggbe_h or
g&agg;gme;b 6mergber for effecting the passage of the flowable Stibsta o
to & controllanTe oOtER A& avErThey apfybersiafiow itaithecsamEce of

the flowable substance afer figpaREngvgixa\portions or doses of the
fiowable su%:,tance. . o
© Present invention is directed to a dispensing and delivery system

inciuding a continuously sealing one way vaive assembiy for dispensing = sterile flowabl
: e

Substance, which can include pressrvatives or be preservative free, while preventing a
, e

backfiow of contaminants into the source of the fiowable substance, The dispensing and

delivery system includes, for exampie, 2 valve assembly enciosed by a pressure displaceable

fiexibie member or elastomeric member for effecting the passage of the flowable substance
=~ tad ce to

a controllable outlet, while preventing any backcflow to the source of the flowabie substan
o e o0

after dispensing individual portions or doges of the fiowable substance

BACKGROUND INFORMATION
In the past, to maintain the flowable substance free of contaminants

preservatives have been mixed in with the flowable substance in the reservoir from which it

s to be dispensed. The use of preservatives ends 10 be detrimental 1o users and often limits
g

the cffectivencss of the flowable substance, particularly when the fiowable substance is &

pharmaceutical such as an eye care solution, an intranasal drug, cosmetic weamment or ski
n

amment product. This group of prescription and nonprescriptian medications are often

formulated with preservatives in multi-dose formats. The flowabie substance may also be
= SO D€ a

jood stuff, a beverage, a nutracentical or cosmeceutical product
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BACKGROUND INFORMATION in the past, to maintain the flowabie
substance free of contaminants, preservatives have been mixed in with

the flowahle substance in the reservoir from which it is to be dispensed.
P& PPeservatives tends to be detrimental to users an8@iter 113
the effectiveness of the flowable substance, particularly when the &wait

substance As arRPasrsasRUbRa BUCRiRS AR EY %a‘?@JQs?é?MSP{& Rver a selected

intra.nasal drug, cosmetic treatment or skin treatment product. This group
anofiprestEitionidnsuhanpresatiptioneredieatiansiarenpftendes roulated ytbh

preservatives in multi-dose formats. The ftowabie substance, may also be
as yheo apstyifis arbperageolutinytiedivtiotd e evemezeutical product.

Another cansideratign i_Ls‘:_1 the ahility of the valve assembly to deliver a

selected af8IESk #1% WB%’EPB%’(%\W@@% e BUtRRAdhe @Pé’aﬁmﬁ’g
ﬂo%iélQ@ﬁBﬁQ%é%tﬁx% Vgl ’a§§é%%$somg? nwl‘;?%pé%nglgg%? ?Ig:a% ?1(?\9/' otléaler:] source

directly into the eye. he past, le membranes have bean

of usstbicaeRRtIkIhe flowsel theufipwahle swasianes iR desvahe Assembln

outlet while preventing any backflow to the source of the flowable
N iRiStapes vHoleerspohvdhesisuote asrtheivitventiescribedibe theSse of
Patent No. RE34,243, which is incorporated by reference herein in its
O-ghgs &y onaetipeviite ATy thig fesbifmranerang the&fashiformhlyOthiskalve
flexible membrane to effect a seal. Other valve assemblies also used,
o R A AL KR R SRR PSRBT P Sgoned
el Al MARPIIBARELING SHAIIBLSHAHCRIE M NGASRED B smated high
preventing automated k#ggr?speed aessemgly. Tlﬁgéfrﬁe’?())gl?e, arﬁl{gffegﬁ\% y 8

spelasigendlyaMersse abbffasticiyasablevioveamanuaatidedafapexapple
via high speed automated production, and limited the costs of

mapiEprifaetuie Byradicinb gosperdretinpdetspartcltonind it adsbeafolsigbf
speed automated production, was not provided in the past. SUMMARY

m ﬁafE\IfEbYMWEW Eqiponent parts and allowing the use of high speed automated

production, was not provided in the past.

SUMMARY OF THE INVENTION

According to an exemplary embodiment of the present invention, a dispensing
and delivery system conveys a flowable substance from a closed source, such as a collapsible
reservoir, while preventing any backflow of oxygen or other contaminants from the ambient
atmosphere through the valve assembly and into the source of the flowable substance after a
portion of the substance has been dispensed.

The collapsible reservoir can be, for example, a bellows type reservoir, a
collapsible tube, an internal bag or other type of suitable reservoir designed to dispense
practically all of its contents. According to an exemplary embodiment of the present
invention, the dispensing delivery system has a normally closed controllable outlet orifice for

dispensing a controlled amount of the flowable substance out of the valve assembly. The



According to an exemplary embodiment of the present invention, a
dispensing and delivery system conveys a flowable substance from a
closed source, such as a collapsible reservoir, while preventing any
BRI Exygen or other contaminants from the ambient RGAGEHye43113
through the valve assembly and into the source of the flowable substance

~ reséf'(k% f C%{ati?eia le}g@t %HR%?VIQ gs%e?nﬁtﬁn scci)i be'cﬁrﬁ%%htcnts do n-gp Sceive any

collapsible reservoir can be, for example, a OoWS type reservoir, a
corfRRRSIOI tIR: AGWRERS RAsBae: & GiPaisbape of suitable reservoir

designed to dispense practically all of its contents. According to an

exemplarPepebsdiinertief ihegte séntamecdn tifiacthicbd igpéyispgdslivesyhe

system has a normally closed controllable outlet orifice for dispensing a
resepieiTetnAisuRt el tHame bR Ensstapiedloyto padehvansd Beselily.

The reservoir is in scaled contact with the valve assembly so that its
oo L HEARE E AR T AR METSAE TR SHLEtARe6ts
nesHSPRASE nd/or selsRERERRAIGNALRE Mlowakle SubRlaNAR I Sigllaaled by

applying pressure to the reservoir directly or through a pump so that'its
AcCanie isdawetapangd dhteughiner vial yeeast emblvioh Nersanpanismbayope a

pharmaceutical, such as eye care solutions and/or gels or nasal solutions
dispameid pgeimindrchamustidel képe frepiof domadiipensts! dornbdispensing.

According to an exemplary embodiment of the present invention, a_
Prepfilitihies Heim bBF SFaepei SEUCAIHbUMS LAPB S DBV RIS Whitd Rerspifig il
lﬁ@&lispensed flowable substance preservative-free. The reservoir is '

apppro'ﬁected by a housing so that pressure is not accidentally applied.

The valvemssm@Bégaﬁmpﬁﬁim,e%aeme[p@%ﬁaﬁxﬁ%ﬂd SHYGRIEGen
open to the dispenser or reservoir of the flowable substance. The valve

to thesameblyrcamebeformediofiamblxialbgtextendirg winerssonblppanbtoféheed of
reservoir and formed of a rigid plastic component. The interior of the core

an gl sveending dang epra pren ieeiatg teanefanlelaiisstaldodantispomponent.

reservoir, At least one port extending.from the passageway can be
oA e ST A ASGPING Y6 SRS THLE S Mo CERAHERE e
restRRINNEN 162 BEIRNRE SRS EANRG Aesigned with A subaiantia ords an

tapered or substantially conical shape. An axially extending flexible

opemiagbranevtighyhelasassthedmnesabeamedcoayersdhaaute @ndof the
port through the inner core. The flexible membrane moves outwardly from

desigeethiiéh asubstoniéniyHerfid abtebsiabkrtincenisgrdsserized and passes
through the port and flows toward the outlet end of the flexible membrane.

The flexibfe e G D SR T TP Sk At ekt
codiI§ 809 ﬁa%ﬁﬁtotﬂﬁ%s.owr%t%ﬁ%ﬁﬁ ¢ -rethefﬁgeﬁ'g%%@%@n rane Is ot
l[1 gin. T ehIC f

uniformly thick along'its len Is thickness allows the valve to seal at
outthadiieker apdhfissbopdieraatieivmavRnibinam aphianewas e 4nifarugh

thicicness, the elasticity of the membrane can be varied so that the portion
theghthent@enistanerdlisestito end of the flexible membrane, The flexible membrane is

structured such that it is, for example, thicker at the end closest to the valve opening, e.g. the
flexible membrane is not uniformly thick along its length. This thickness allows the valve to
seal at the thicker end first. Alternatively, even if the membrane was of uniform thickness,

the elasticity of the membrane can be varied so that the portion of the membrane closest to



the valve opening is less elastic, resulting in the portion of the membrane
closest to the valve opening closing first. in exemplary
embodiments, the flexible membrane and, as described above, the inner
¥apaPeresed3a substantially tapered or substantially conical sirapajsaiewisag 13
for the rapid assembly and natural resting of the flexible membrane over
the inner core. A valve cover located laterally outwardly from the
thefrakip lepprEh s leatclts BethmgbrhonaBienefitbe BtETRbotB s adve
flowable, substance travels between the radially outwardly extended
OPHESE M BFane and the outer surface of the inner core and flows to the
controllabig, gl el b AUIEL AUlteg. RHaVER AL ANERUAGR whove,

amounts of the tflowable substance to be dispensed. An‘over cap covers
thd IR@¥REIQRObtheuraive sy ehie:PHR iRt nR MANDRGISRAPYY MUting: for the
storage. A collar can join the valve assembly to the reservoir and afford a
ragéajeninalyand @ntent stve nfithg Bexbllomeofteantamsirthntsnietoothe
reservoir. The collar and the neck area of the reservoir are designed with
~ locking fedtuid¥etrritepismirctiriceepiry s ith & e b el messrmmyBlet
SUbEQ‘r%ﬂaﬂﬁQHXt eEev.%rﬁ% (;Iy unscrewir%%an isagsemb of Eﬂ% collar,and

thetﬁon 018 e Op'r SSUrize owz* e substance travel en the .
e opening or an contamination of the system. e various

radRHWES ALROUEREMNTICR OB A AHRIES ARSHRIGRENL IR IIOR: ARLOINIGHd

out with particularity in the claims annexed to and forming a part of this
flodliselassitenttaiaalbeite: oifilersthndingafiifie: prosist fovesntiolicismounts of

operation, advantages and specific objects attained by its use, reference
theshowdlperhyents thbeabisrsiipdniingy e asmingecer ibedateioptf&envatusrcipyer to

which preferred embodiments of the invention are illustrated and

pr?}é%%%‘ﬁf’e%ﬁ?éﬁlb‘é@&ﬂﬂﬁf% I@‘@‘T—l_lal‘l—clﬁl W;&WN@@SWWY t‘iitllbﬁ 1is
res%ﬂzé%':ﬁlhfa%ﬁ%dé%@eé{' V‘én%‘é%éﬁksﬁspe%&%%% ASINPN RIS M EGHRHIN to
an exemplary embodiment of the present invention. Fig. 2AIs an

reR}RIRdedeieNkofnd gispesing smekdelivesy aysteasuchids dhakshawrein

Fig 1 according to an exemplary embodiment of the present invention.
thatiger2B iscaneeniptodde vidlar dfuandispenbin§undbdsiveetly systaniisuch as
that shown in Fig 1 according to an exemplary embodiment of the present

- iR AR R TrReRly et the stlapeRsy B pReREA g o HKTY Ssopaaeron of the

system.

The various features of novelty which characterize the present invention are
pointed out with particularity in the claims annexed to and forming a part of this disclosure.
For a better understanding of the present invention, its operation, advantages and specific
objects attained by its use, reference should be had to the accompanying drawings and
descriptive matter in which preferred embodiments of the invention are illustrated and

described.



Fig. 3 is an exploded view of the soft cover and its controllable outlet

orifice according to an exemplary embodiment of the present invention
wherein the controllable outlet orifice is a cross slit. Fig. 4A is an
SrdaRadsadally extending partial view of the continuously se&iing e svesy13
valve assembly with a flat topped soft cover according to an exemplary
embodiment of the present invention. Fig. 4B is an enlarged axially

extending partiaﬁ ! Bﬂ%@%’%ﬁ%ﬂwy& Q\W'%/ valve assembly
with a rounded R0ff, cougY BeeRIding:Lg, @ﬁaeaﬁsgplm@/aﬂaﬂmm%@&@&the

present invention wherein the contlnuously sealing one way valve

acesgRblyrs:ientprRkeshpabitian of the presbi@irdentsoan enlarged axially
extending partial view of the continuously sealing one way valve assembly.
with a rounded soft cover according to an exempla%l;embodiment of the

present invEhTON WSS IFE BH R SRR YR ARG SH Ay Y ich as that
s in the d . fion. WO . ey
S B B a A T4 P mior e presemt imntion,

extending partial view of the continuously sealing one way valve assembly
where the Bpetiing in thelsbit dower aalginsia podtietivefthesttexiobd as that
membrane and inner core of the valve assembly according to an

shawa ik sesatstiriivert e mdapr esbatineeiiche present imygnBopsverich

._enlarged patrtial axially e tengn iew of the continuously sealing one way
ingA152 SRR 51 SREGI S EIHE SRS C according to an exemplary
embodiment of the present invention. Fig. 6A is an axially

extending pitiak viewk sibtise contdnteusl Gralingdone smayivalyearsenthly
with one port and an outlet port according to an exemplary embodiment of
activedimgisemteirpyepitiorembodiment of the present invention wherein the controllable

outlet orifice is a cross slit.

Fig. 4A is an enlarged axially extending partial view of the continuously
sealing one way valve assembly with a flat topped soft cover according to an exemplary

embodiment of the present invention.

Fig. 4B is an enlarged axially extending partial view of the continuously
sealing one way valve assembly with a rounded soft cover according to an exemplary
embodiment of the present invention wherein the continuously sealing one way valve

assembly is in the rest position.

Fig. 4C is an enlarged axially extending partial view of the continuously
sealing one way valve assembly with a rounded soft cover according to an exemplary
embodiment of the present invention wherein the continuously sealing one way valve

assembly is in the dispensing position.



Fig, 613 is an enlarged axially extending partial view of the continuously

sealing one way valve assembly with one port and an outlet port

according to an exemplary embodiment of the present invention.

DEOAMERDBESCRIPTION OF THE INVENTION As sDOWB20d6/043113

Figs. 1, 2A and 2B, dispensing and delivery system 1 according to

exemplary embodiments of the present invention is comprised of a

bellows re§enBirioprsenlpeze P doehyect twithig panol siay 6f thheohtusingyo

and holds reservoir 2 of flowable substance, preferably a sterile or pure
SR ABfe S BaRREC A bR RS SE ARSRIS (bR PRSP RinRR PO R the

4A-D) for conveyin ance from the reservoir 2 to an

ﬂe?i%ﬂe €] Q)rane arn mné;'.cgryg)%iﬂg\% Plgsssgllbl { accarding to an exempla
outlet When pressure is applied 1o the Tesar/Gii 2 or to an ae (PR3P 24

enfRANRGIES I8 hesERERIA 0% AN Over cap 15 covers the valve assembly 3
to prevent contamination from entering the valve assembly 3 during
storage. The housing 6 has surfaces 6a for holding the assembly. A collar
8 connects'ihe Vedasetnugid withs eeisadingrvieaffd ilimyiseaidy sealing
connection so that ambient contaminants cannot pass into the reservoir 2.

O“ﬁgf‘éfr?lﬁg‘éeé@s&fﬂ"ﬂéi PRSP 12 BiRS a0 28 Hhacbuitied T a8 aroaplarembodiment of

thé“w&%‘ﬁ%%%}%@@ to allow for multiple doses to pe dispensed from the
reservoir and collapses when pressure is applied to the reservoir. Other
suitable resgneirs maxibey useddsuchas dieqllsnsisdibe AR iismal
bag in a reservoir that permit multi-dose dispensation of the flowable

waUpdtansenibhyewtlvecgssemd hn Sultipod larcBrgiref er ab hx prelentsnhirdanent
other contamination from entering the reservoir following the dispensing

of S BEdtIfgnvention. Referring yet again to Figs. 1, 2A and 2B, the bellows
reservoir ar.source 2 is Jaterally enclosed, for example, py an axiall
extending lguéiéﬂlgs %nt%n%%?/(g%%ﬁﬁ %{é%ﬁlé{élﬁtgﬁglgpﬁ?ﬁi%’tr)\ fcﬁf’é@gﬁ%{g}b |

segﬂﬁgf&%e@é@i{}aﬁeﬁ@s‘eﬁ@@@ﬁﬂ‘3&%&’6@%@&%@8&@9&%@&%@%&#&&5&9

gain access to an actuator 2a of the reservoir as the flowable substance is

eniirelisedk ofihelheshausiagiorhas surfaces 6a for holding the housing when
the flowable substance is being dispensed. Referring now to Figs.

2A and 2B, thBAVEESPRHRRIPHAONARIE EBRINVENRKINencircles the
flexible membrane 13..The valve assembly 3 is comprised of an inner core
10, an axia%ﬂ??/ségmnnla?ﬁbg%ﬁh\gﬁbaanscgg%’egvlcsgéffgpdgr S12%d fE¥iBle accordmg
1o RPN b3 d VAL Sr AQMEE s LR A SRR S 1 Hdse A8 A SRft S QUE R Gith
a controllable outlet orifice 7a (all of which are described in greater detail
sobeloidnacanmddtiarhavitihglte Trshsipiians atifigds 4Acdi\Ybiladhebitexible
membrane 13 is hollow so as to accommodate the inner core 10, it is
subfiefsis e abat WiteHeassum bletailryubrtesieaalvdssiledinishoeiiner

0 h that ins when t I bly is at t. .
SR W S A e AR
arOHiraly.extending flande 14a %g&o&g f&ﬁvﬂ% a%fuﬂmecé %Qc%es ;@gtﬁ’é

the flexible'membrane effecting the seal for the valve assembly at the
reQPRINNY HABVENEpESRERIFs2hT Ny ORQBINEOS REGKRIR8RIIRSEIVAISm

seals against flange 14a, for example, by way of a screw thread which
ermaangshyithith esealibly 8. datiegrnativedy  Tbe imaddiidhasthefealiaragandldies the

opening or neck area of
assembly. A collar 8 connects the valve assembly 3 to the reservoir 2 affording a sealed

connection so that ambient contaminants cannot pass into the reservoir 2.



the reservoir 2 are designed with locking features that permit the override

of the collar 8 during assembly but subsequently prevent the unscrewing
and disassembly of the collar 8 and the opening of the system. This
prevesirasardy unintended contamination by the consumer an®@¥g052006/043113
eliminates the possibility of refilling the system. Referring now

especially to Fig. 2B, jn an ,em?o%ment suital%le for pumping flowaple
5 PG SR

substance & BHRS S SR et 5sPghRTE ARE R LT RUeAY
LRSS MR %2008 '80993)%@%%}&8&@&@% ﬁx‘ér}g%{@ﬁrca%%ﬁﬁﬂgs yeen

e pump assembly 16 and valve assembly 3a. The pump assembly 16 is
pr&onRecteaiia thenbastieiRymere Wi Hargadser| fies aRSNID Yl Regkarea of
bottle 6 seals against pump assembly 16, for example, by way of a screw
cothrsédewthichr adteswitbeghie preseprasseanidyniiGnedligefldinges2goofof the
reservoir 2 between the bottle 6 and the pump assembly 16. Alternatively,
foyratleatbtrone tHocEles St he Bdeniiy briEerbhrex iRt eselsir 2
coare %ﬁ&n rd wit@ Iocktilpe featugre 1tlhat Eetti]mﬁt,the override 81]; the pump
aSSENBRY 16 ARG Essemily But sUBSeqUStly prevent the Unscrewing
and disassgmply, o7 s RHRFRISEBRIEG AN IBEIBRE AaG-REBESYRIEMs

This prevents any unintended contamination by the consumer and also
laetiiynaigsstherpessibility ofsieiiiay hesydiemdusing 6 to plaeeptiiiaccidental
assembly 16 is thus connected to a valve assembly 3a having an actuator
applicasintinhercsure oharrsaxially &xdenhtirrytblididgradsioiotizehusipnetpelnits a
a flexible membrane 13, a valve cover 14 with a flange 14a, and a soft
USEO\ e \ﬂﬁfﬁsﬁ%éﬂﬁﬁﬂ&fﬁfe%BflQ’F6?ﬁ‘?6%°‘f&%fb?tﬂ%?’ﬂg%é‘r‘ﬁ:?%‘%éfdmﬁed out.
C Cti ith the descriptions of Figs..4A-D). ionally, t ctuator.17
T L B T o SRR, LB AT S
disnses. to transfer force via a check valve of the pump assembly 16 to
draw flowable substance from the reservoir 2, thus providing the force
necessary Refdispense fidiighAsuld Bnbe vEoe examigie; banventionat 14
umps may be utilized in this manner, WO . ] .
whigh 905895 Eeribispombrenssiy sThe valve pyspRRhidFe oy ired fvgitoper
e B 0D e S e B PO e

T
stop reservoir amage, rupture or

cd&k’i‘fﬁeﬁﬁfﬁ applicationeh f%@q‘%&- fh%ifﬁ%%‘f@&l?&bl_e outlet 5ﬁf€é HRELA gw to
Fig. 3, the controllable outlet orifice 7a is a cross-slit enabling substantially

whikip les sldisfied singeafethietHinyabieis vhstamion witheter dssriit @BUSEstheA -
controllable outlet orifice 7a to self close on itself after pressure is

Dyeiwhie dhe flexible membrane 13 is hollow so as to accommodate the inner core 10, it is
understood that when assembled with the device, it is filled with the inner core 10 such that
no gap remains when the valve assembly is at rest.

The end of the valve cover 14 adjacent the reservoir 2 has a radially outwardly
extending flange 14a bearing against the flange at the end of the flexible membrane effecting
the seal for the valve assembly at the opening from the reservoir 2. The opening or neck area

of reservoir 2 seals against flange 14a, for example, by way of a screw thread which mates

with the collar 8. Alternatively, or in addition, the collar 8 and the opening or neck area of



The controllable outlet orifice 7a can be formed as desired to provide a
spray or a stream of the flowable substance. Alternatively, by selectively
dimensioning the controllable outlet orifice 7a, a drop-like amount of the
R AMESESStance can be dispensed, for example if an eye aare/seludiansiis
is being dispensed. If a greater amount of the flowabie substance is to be
thE(;Iirsg)enseg, thg controllable outlet orifice 7a can be formed for dispensing
F Ervolr

2 Targar quaR(ify 81 Th & BIRGEBR ‘Sibsta e Pror kbmapraide oy de ks al
asQiution andior gel ring now to. Figs., 4A-D, the valve

assgembly prefera%%?/eﬁgys%%ﬁgég%ﬁsemfgf %%ggl(ia‘ﬁ?/s%exhgqﬁd? néhf‘)ﬁﬂ]&ar § and
thpassagevraly: bsparsrlZpafiaxhle membiane dR.aivalve SOMRT bWl 2.

flange 14a, and a soft cover 7 with a controllable outlet orifice 7a. An over
alyagliminpsep the pobobiittiod wiiNie s ey 3 when it is not in use,

protecting it from contact with ambient contaminants. In the valve

assembly 3 SrRRARY &sREHRFGOReRBoik A0 pEafimsgamEnifoemngs

voir 2 so that fl rom.the reservojr enters into an axially _
B D e L S Vil e Hhseaig e rvor 2
an@XeRdSHOTRAIL PRFamf dhe.ansialispath g d %ﬁﬁ%%gggméﬁ 16 end
e e

approximately half the length of the passageway 11, inner core has a
Vapaineskpoltsd 2extendingstrahBver selpof-tial passagRaY discfonmntBss.

surface of the passageway to the outer surface of the inner core 10. The
Thi QBFUBFO IS 5% FSAREBCSIE for SR rEsEsHgiisptamtityhatEriakamgle, by way
Of.tgrmir\;\g seai@vwvggg%of thet %Let end of the valve assembly. Furthermore,

‘exe |F%Seﬁfsg UpSH LSS TN a3 Hing b dhé =EaibR/ito

in exemplary em
bedWeksh RE SeRLINSIHE ts 12, should be
noted that additionai't#ipkepo}‘télsf:?ll?f‘zébl fgr%‘é eljlédl(%q%gaﬁ %ﬁ?%g{jért neaclir(liﬁg)rné]fgreecigér 8
anggiithereniesyrincex emplaryeambodimenis theiinsexaane déhanshihesfexible
membrane 13 are constructed such that they fit tightly together, for
PERIHI518VRE A B Vs s sorbis i shminsiers ertibly ot suhsaiutight seattothe
uR& formed between, the flexible membrane 13 and the inner core 10. In
Tary emboditmEnts (e BRI PR SBRIPEE fesitstem. This

urther exemplary e
pr%ﬂ@ﬁ@ﬁx%m I:B%Gﬁ%ﬁ%r@y%ﬁé @&é’&ﬁ!&ﬁ%&’%@% eciprrrx]{lr%.%ps%gés ossilb'h of
described above as sealing against one another is an asymmetric’ mo dif
reftbeegs whickh.creates a surface substantially free of defects or seam lines
at the areas of contact where sealing occurs. Accordingly, in an exemplary
embodimerti SRR issenidietantbssbammedadteapaits, doeekarhplethes an
ELcitr&r{;t%rr d? rgnllr(l)nancd fl >6ible membrane 13 and the other parts, are used to
provide an optinial sear At BpePatvn b tied\parracsaexhbports 12, a flgxible
milesihle membiane 13 sushAsanelasiomere member. s fited (ot
over the outer surface of the inner core ‘and extends from ﬁ%e opening fpotHe
ortfiecreséivoisr2da-tbeioppasiieonstal dhainnss 6re kR As0ap:bengted in
Figs. 4A-D, the thickness of the membrane is preferably variable along its
Ogtiearibhgthanahe regionbofcthatriet enthdfitherinmenicareihage falon the
example, an axially extending continuous uninterrupted end considerably

2R e%ﬁ%‘?feﬂqt@ PERTEN ST oP e Rk B VA RirisraweriEsserry ik thérbaind

' in the axial direction by axially extending cuts. The thicker

e B T W B TR ST b

fivelow stheurlverclosesat toenendiclassshio the OPeRING./a first,therefore
preventing any backflow. This is effected by the heavy wall thickness
which provides for greater tension. As a result, the flexible membrane 13
exhibits nonuniform tension. In a further example, in yet other
embodiments, the thickness of the membrane may be variable along its

axial length and the region surrounding the outlet end of the inner



core has, for example, an axially extending continuous uninterrupted

annular band considerably thicker than the remainder of the flexible
membrane 13. Furthermore, in certain embodiments, the band is not
PALEERF the axial direction by axially extending cuts. Altetnativelyodloes1 1z
elasticity or durometer of the end of the flexible membrane closest to the

valve openinguphLReNariRd- A £XaMRle Lty feduced such that

the end closest to the valve opening seals Hretwhen press Fe is‘?‘é?rge?\fé’ﬂf‘
enthiashattder arphediinentg ﬁ@&ﬂ@b@sﬁlﬁﬁ@&@%&%a@mimﬁgﬁoc[rﬁrga%?ggpmre or

substantially tapered or substantially conical at the ends closest to the
ingdyietteliabielioutiet drffice Fatbuchdahaithe inner core 10 nest into the

flexible membrane 13 one another when being assembled by high speed

automated PrEEREBI G dismefite controliapleipytandrififiade it orthe-slit

QE’I%H'! eryoir 2, the flexible membrane 13 has an outwardly
elnexteng i%]bg%lkgir% gg %m g?lsrs}é% ] Jainst 3%12%[88‘”0& n [fﬁgﬁ?ﬁtﬁ%?ec%elﬁ‘@éié&téﬁﬂﬁ%g the

cofREMBE e theiteI8RYAULL close on &Ehﬁé@éb/%@%%&di'@

ﬁ%x‘éé‘s"é& cover 14
encircles the flexible membrane 13 and, as shown in the rest position in

Fig. 2a, is Spacentraltiaty wivuaifitly Teonmtherowtes sutage.ah hefexible
membrane. The end of the valve cover 14 adjacent the reservoir 2 has a
O ARTENSR Bl ARk iR laf e Ry B dringlenairis tile fhangez atdhe
he flexibl mbrane, effecting the seal for the valve assembly at
B e

the opening from

roexample i Ofandnngr Javesok %@ix?éflﬁg?éﬂ%ﬂ? fF %%Qa éﬁg&%ﬁ%%? tggim g%abic
0 .

from its flange 14a to and over the outlet en e valve assembly

subd@stemen bendatenad fotmsoatsofittovatd avetthe RHiRteRLOtINE YRING . o
cover 14 which is particularly advantageous when the valve assembly is

largep astig Sh Errsiiog acaybstacs. SolwiompBLe hva suftebveidopraantssifor
example, a&@/éikelihood 0 hargg to the delicate outer surfaces of the eye
[

or surroun n%rffé%uné).wlxﬁ &t Vet YA ATORIS IBPIE Gehisterifeam
cofendjsaensing dnexfiowatin subsiangs  Te.qullet gilfice is dlosed in he

O L i
rest position of the continuously sealing’one way valve assembiy and? V"¢

copgelt iwithe tisgensingnpasitiidbover 7 witiReIeRHPYRIRHRIN IS LIgS. 4A-Re;
and to Fig. 5, various embodiments of the valve assembly 3 are depicted

3R dviPsFh TR thsetrsake Oiviive Boftobirers?, asdeseribetbhalomact

with ambient contaminants.

In the valve assembly 3, an axially extending inner core 10 bears against the
opening of the reservoir 2 so that flow from the reservoir enters into an axially extending
blind passageway 11 in the inner core. The passageway 11 extends for a major portion of the
axial length of the inner core. At approximately half the length of the passageway 11, the
inner core has a pair of ports 12 extending transversely of the passageway axis from the
surface of the passageway to the outer surface of the inner core 10, The inner core 10 is
formed of, for example, a rigid plastic material and terminates inwardly of the outlet end of

the valve assembly. Furthermore, in exemplary embodiments, upon assembly and filling of



Referring now especially to Fig. 4A, a valve assembly having a flat topped
soft cover 7 is provided. The soft cover 7 has a flattened top, which allows
for less flowable substance to adhere to the controllable outlet orifice 7a
Beeasdirdlattened top results in a shorter controllable ouRETHFHOEsPA3113
The soft cover 7 has a controllable outlet orifice 7a which can be formed

th e%%sgﬁﬁilgggotgr e 9}@93%@11% Rf%@ﬁﬁségm qu &H@tﬂi@g@@ ! eS Lﬂ) 5158{1‘1%1% noted

Furthermore, the controllable outlet orifiCe 7a can be a cross-slit as shown
thalufi@ioBa Abetnativghheycerieatively dinensienigthe controllable outlet
orifice 7a, a drop-like amount of the flowable substance can be dispensed,
for exampl&ifhanmeye icarerspluticmbe dithextssibiuitioer typpicHllyndetivdesibin
droplet form, is being dispensed. If a greater amount of the flowable

mesiiBatard@ R R BRI surs it they dbHebiaier Betdeormewlrdedneyery
clofs%r{&%%ris’ésd'ﬁf%ﬁ%ﬁhrwf%r'%{ ?&%‘A%‘QJ&%?E&.‘%?J'QX%%E’J? esn”@StﬁQ‘i& e —
example y“f"navmg a larger diameter opening for procf’uct SUcH'a eye of
13 '&ﬂ&@léﬁl&&' QRS FNHOELEIS- e:_xemplar}R%fx%Udﬂgeﬂtg\mmﬁﬁ@ I%(r&?e's:.&& the
4B-C, a valve assembly having a rounded soft cover 7 is provided. The
flesiofit eoaarnbas and chenides top: useishfen cispensingianabliessihsiahee as
into the outer surfaces of the eye and surrounding tissue or other sensitive
sedhiong peainsonB aribpsds theasgummepsdctipoldilesrsivasp v gesrediaragyafiocthe
e or other sensitive tissues is avoided or reduced if incidental contact

eye C > .
SubstAt g i G T AR ISE S BP AR otens I somathrBere PRl BB R er 7
h rollab tlet arifice 7a which can be formed as desired t
e Rl TR R e
ex&ApE MBI QIS OFfICRA D LaRB @l 05 8na thASIRI YU IRE ighed 10 provide
Alternatively, by selectively dimensioning the controllable outlet orifice 7a,
an ahopl ke ahopandtohth&ftovebislessubisitance can be dispensed, for
example if an eye care solution or other solution typically delivered in

droplet forth TR BE My aRpn e du ik asreslfsioaeréuntBPendsiidied bightly over
substance is to be dispensed, the coptrollable outlet grifice 7a can b
e T S S STy By e O S SRRt o
opFSGMBI haNIRE B AT 0 Ad B BLGHLRRGR NG AMPROHIGIT RAEL: 3B:BYe O
nasal solutions and/or gels. Referring now especially to Fig. 4D, a
maralvenassprathblyaniitdla flahg ttvaxidl \ehigh hasarcgiolasgeat vensiendss the
_ controllable outlet orifice 7a is provided. The enlarged version of
ingss s sl oo expstideifiee vially attadipsreetinm dateteranisd ené opasidrabi
flexible ré]éembran 13 and_is suitable for dispensing viscous flowable

thighErdPen da% EmRR s ot e s amTE At ok iehis, Bobihdys ARCBaasd
thJ%anJé%%beM@@E{s&@&aﬂ'%ﬁg%ﬁ%%@m&fg%&ﬂg&"a IE QUL has

orifice 7a allows flowable subStance to be dispensed without having to
dispanedtneuah HNa-PRABINGS bdaR) ely {IRLNERING Bt the srskafithadlgxibie
elastomer 13 and the controllable outlet orifice 7a, since these are now
Taffusttherefore pRefetripgmydactdltig. Bhthe géiptorbyebehetweenlinhiekcose
10 and the flexible membrane 13 by the pressurized fluid flowing out of
wigh i qidesfPresiics katippestrrrsihdredistbirmprabunet 8 mbd aRsoft
cover 7 can also be seen and may for example be a substantially uniform

UoEiREtIar Bore thought the material of soft cover 7 or may be suitably

dimensionegd,agdgSerRgHn e BIRGHBGPARAY AR S ckness of REIRHBGne

now to Figs. 6A-B, in another émbodiment, flowable substance fiows

mdfteughicbsinghe porkbPlingdineidansectdangrexpandadhafitesiles the inner
membrane 13, swirling around the exterior of inner core 10, and exiting via
an outlet port 12a as shown in Figs. 6A and 6B. This results in the need
for less cracking pressure to dispensg lowable substance and is
particularly advantageous for use with, though not limited to, flowable WO
2007/056233PCT/U S2006/043113



substances having higher viscosities such as viscoelastic solutions and/or

viscoelastic gels. It should be noted that additional ports 12 may be

located through the inner core 10. In exemplary operation, when

e HWEBRESubstance is to be dispensed, the over cap 15 i®¢8HBRASG/043113

and pressure is applied to the actuator 2a of the reservoir 2 so that an
cofmou t of the flowablgnsul;éta e passes out.o{ the [esery ir i@to the

s, for examlili, AN aX1 extending Uous yninterru annylar anﬁ
passageway in the inner core”10. e supstanc ows throug the

co@é?&%?a%%r andemangs the.dlexinleephrangdaradialy puarty andertain
flows toward the outlet end of the flexible membrane where it exits from
enibelftexib|ehaiembrane sgdiatby inwarahyaidiccthierconirsdlabietendisg arnifice
7a in the cover and is dispensed. When the flowable substance is
Alaativelspbnslestisingos dizompries ofl breend offthedishaklp lmambransy alqeestitfithes
radially inward to the cctzntrollabcle outlet orifice 7a which then o

vl SRR AR LB SPITCe 6 TOWRSTL SrEh BV s S BN %ﬁ&ﬁ%ﬁgﬁ"" to the
vaﬂ%"g?&lﬁéh@ﬁ%%%rﬁgﬁgg{];@gfggg,p essure on the source is withdrawn
a

the controllable outlet orifice 7a closes blocking any backflow into the
valve assemblyirthér B85 &EaRE T PIRGRIBYEE heaMalvRassMblts3 When
it is not in use, protecting it from contact with ambient contaminants.
substamipiheremnbd odnistttad depict dtithdégds Gosenth B8 fonexdzabiplatict
flowable substance flows through a sing';qle port 12 in inner core 10 and

orifies dAducthibandamaskfonidiaratiae Sntmdbli BisReane SkeNonrohimnden
core 10,.and exiting via,an outlet port 12a as shown in Figs. 6A and 6B.
be']ﬂ‘%igsrs'grsnﬁfscg}w ?H%gr% %% gf[ g’g@e{’;ﬁ’{g‘é}‘ﬁé"&% SR dispense flowable

substance g i, PafficirtyRIVARIAZEPIS IHRE Wit MUID Ahbrane 13
limited to, flowable substances having higher viscosities such as

haviscoafasiity atehiding fangircuifgoeinsticadrisse on the iByrieledsiagdhethe
pressure on the actuator 2a of the reservoir, the dispensing operation is

opvifs e dbamganeifiexible membrane 13 returns inwardly into contact
with the ou%?&r)surface of(}he inper core 10. The inward movement of the

flexible meffHPAL SAFRIRERE SEL A Bsuslied sl iR pie e 13 and,

astmg&zEﬁ§ %@?é!t%ﬁ&%% H .%Lcﬁ@é%éd’%la 1 og%{dlgvpom the outer surface of
2007/056233PCT/US20067043113 surface of the innér core, returning any

thHl @vablersilistancaib g thes postschackiinpdhe tesepvaisWhRIED Y dially
contaminants cannot enter the reservoir. Dispensing individual portions of

outverfidyabsedmglibegrcbt e hrrbescentinuibd flange thidheeasrvbihidlatihbst
completely emptied. As a result of the structure and operation of the valve

m%&mﬁ%&&f&mﬁ&&%ﬁ&%@mﬁ@ A ‘E’iéﬁ&)?&?‘}‘ dInESETAE At of

the presentﬂpvention ro 4de unh;pr pressyure.on the valve components.
. e valve cove 1S O or a\%g) €, Of an mner ?‘P/ei‘ﬁ an ?18 omeric
via the pressurization of the flowable substance. still'another

m&XEH Bl R RAGIN§ Bk, IRy mXaIRILS SRIAEPHERSHCR Asrihat depicted
in Fig 2B, an actuator 17 serves to transfer force to the pump assembly 16

aseeerlyiCisHiapressechaldnis fiortusia edipress dhe tesenleiezy tfitds prorddivegr
the force necessary to open the valve assembly and in certain

levitRiuinnenises advadagpoverorhoniibtasantbps isva foddispeingen eye
flowable substance. o

care solution. Such a soft cover 7 prevents, for example, any likelihood of harm to the

delicate outer surfaces of the eye or surrounding tissue. The soft cover 7 has a controllable

outlet orifice 7a for dispensing the flowable substance. The outlet orifice is closed in the rest

11



Elastomers suitable to form the soft cover 7, the flexible membrane 13
and the valve cover 14 in exemplary embodiments of the present
invention include thermoplastic elastomers such as Dynaflex
Warifaeased by GLS Corp., C-Flex manufactured by CPT In@rars2006/043113
Santoprene manufactured by Advanced Elastomer Systems, Inc. The
elastomers, and the materials comprising any of the other components of
PYRECAEITE FRBPHIVYY PR I088 MK proGraRsi O AR Hidbe disorpiine
pggggg’anti-microbial ingredients such as silver ions contained within a
ceramic carrier, such as those supplied by AgION, or sustained-release
ionic silver RaEMRRLRE S SHEh BSsthase sHPRYes: by, WestiakeBlantits of te
Technologies which are known to be used in the making of anti-microbial
vabta stissntiy ftherdepias dbhenamiinniarohi shssitabledof thespadneingyvith
or coating plastics may be used. Furthermore, the soft cover 7 or the
detesibsEbRie¥brane 13 or both could, for example, be positively charged to
repel residllgylowable substapce, ¢coated in for example, Teflon

type-plastics A8 TS SRELAN A tndSAt: BamRtL jingg i tanped
soRQRRIPAHONQINE FROYERSB RS f%a{seﬁ’ﬂkﬁ%ﬁl?!? SHRSRANGSs for less adlBte

other embodiments, including those described above, the durometer o
sulie:edasiadiers wan: kenvialiesd BuitlesiofctortheMssosibriakdhe tQWakits in o

substance. For example, assemblies containing substances with
shegesartitiliee oighee prifscdsiti€sewalt kb vl iz bas eftentioialidaverl cundfice ter

elastomers, in order to reduce the cracking force needed to dispense

whisth s sopedselenisd feardlsersorer ssin ststmapide dostaie swbsisnsel
llized hatder, i.e,.higher durometer elastomers tg. maintain a strong seal.
G e B B oGP e

AR@aLeie b Q%{i%&%ﬁ[&lﬁfgkﬁg&%@l%@ BIRIL 835099 $9Rlp-tike

As described above, the parts of the dispending and delivery device,

aripchidifhiiewdiicesatssanhiyn inagidpenseanistastureth (0 0l egedoleydnges or
such that they form airtight seals and are close fitting ensuring optimal

othgrsluficy tipiialticiebreme indirelst form, is toiggiisnenstdgitial prsttnemount of
otorhinolarygolo roducts, as.described below, may. be dispensed
R R AP S TS R oo e 81 ESHRE A R e

where 1t'iS Important to maintaim t

] . | ¢ eris] i ing
dlﬁispe n%%%gﬂgeterm%ﬁ%s{%etﬁ\eé@gﬂr% Eﬁﬁggﬁéigﬁ%%ﬁglgﬁv%z}g egr%%%l
diassemiphyning for prAadBeniiones: heafanahlecsuhsiangrimay be a

preservative-free pharmaceutical, such as the ophthalmological products

or otorhinoRe{pyite gy 1 rspkséalyob thigse4Brivp kevabel eweratlofiavitigh mneded

intended to be g;aintained free of contaminants from the ambient

SRSEphEE BHeF B Presihvativesat fiFy et iwithiAcnkspeatingdippable

sublig- 0P alRgisaRRIRdrale o1 R inGlaaRIagy raduets b e g
examples below are amenable to storage an (%spensmg FOM reservoirs

arbfiNGdNR ORI RHAUSILB SRS GHRRRNERY, M%V%@ﬁﬁ@;@@y ARhOelYeRYve tissues
system of the present invention. The following examples provide

is enobizdimmeatscdé Horibihgtdategan escofsredhigalipraduatondfich @Byvable
amenable to storage and dispensing from reservoirs using the

subsARFfu oLy Sb ey Ohfs draptvallvel st mifica it ubiihesndpdiamedfathe

d regt—;;nt inv%ntion. Preservati\%%- reﬁ storage and delivery of these
e Y Sl S8 BB SRBL ML SIHHBY pHBUieo, T iSeampiLe
Jntizel eqed,ni riegar Ive-free systems as
e e e S
5,279,447, 5,305,786, and 5,353,961 all of which are hereby incorporated

by reference in their entirety. "



Examples Example 1 In an exemplary embodiment, preservative
free ophthalmic products are amenable to storage and dispensing from
reservoirs using the continuously sealing one way valve assembly and
dederysysiem of the present invention. For example eye drepsanhe/043113
preferably those eye drops involved in chronic care, for example, dry eye,
laucoma, allergies and NSA1Ds, and also those eye drops intended for

seleetivele drmensioning b ierpintiabloeuisr etifisern adomnikpanrisbfihedpvable

d dispensing from, reservoirs using the continuously sealing one wa
wripsrhdbtiydiiapisp e stnbape il g
deBYQRIHE d@gﬁﬁ}ﬂ? d i H§Sg1§9d':eiﬁi\/§r§%& %&h‘l@of%ﬁo%ﬁlg 68PSance is
used to relieve dry eye, those eye drops used relieve dry eye due to
to boRlippiedishe telewilinie ustistorifaigle ghibett predaogesharvaike: pepiads
are amenable to storage and dispensing from reservoirs using the
quastiiirieiesfp seklirighoiaacy 4 vatvw kdsehmbiyearidrgeliliemgtsy speningffone
resent invention. Examples of dry eye products can include dry

PTOSRETS a0 BT Yo Bh pREL P BB GRS to cellulose derivatives,
hyalurona ifferin lecilar weights including high 'aollrgecallj r wei
(HMW) alc?r{]%{%gﬁ?sljé Fg’og? n%:%l%abin\ﬁlé%%{rilsweh‘ﬁag’ c?\?vgerwoﬂgégrar%me%h%ovgrh}

wilyahsopameampenans dedbvbirolyethriengielycal 400 Q4% anyiene
glycol 0.3%, glycerin, dextran, polysorbate 80 and mineral oils. Examples

vegfigylad contral ptdel osist ivrifisel agleahbotn acpraduadste dmpirsiregreintodal flexible
0.25%/0.50%, brimonidine tartrate 0.1%, brmatoprost 0.03% and

mEmRrApT St AvEs i dresrsngdreRrp FRAbiS sHbtmeca ety sProauEts
comprising glopatadine HCL.0.1%.and predisalgne acetate 1%. Examples

R B b N AR SRS PR e 29

vedich ElRfRRAGHR: LBt orifice 78 YRGB RIGIS R L ROMl '2115‘;5%%8 i

the eye, a formulation of hyaluronan and demulcents, along with suitable
haehgipiantse ibusigfietvangedisponsactfyans speanitshd sbotiBgrRiKbously

sealing one way valve assembly and delivery system of the present
elapigatstioh 2Eknpnasodabl rreiRoe et ftakings Sish dsmavlliohs are

provided bﬁ:%w., Hyaluronan and/or its derivatives, which can be
formulated i it SBARTHI g&ﬁst $P SR P ethdrreatersihandithe flexible

mEABEROTEUOUR UG P8 RN STRROTINP iR M RRC LM AP0
about 3.0 percent (w/v) and with a molecular weight ranging fom abou
coaROLABR ekalirbsticcaaontofi00ROPBHalieNs: Mdts:hathes forxansleur 1o
about 25,000,000 daltons in its cross-linked form, are utilized in the
supsstipilfomrifotmtionslar bore thqupbfdhalvivianisé disafboortel 0 60 raigobt @btably
million or about 10 to about 25 million dalton hyaluronan (high molecular

diRALYAS frsribrsthssesriing BHaERPBUring ocular surgical
procedures, Since patients ar dergoing surgery, often sedated in some
manner, a Fg " molecurar \ﬁ%ié&%}}g%%%%e%%% S 8%%%5 {ijace
flEHSaehGRBRANERTRIMINNG ARREIQERINN BRIY.SERTANOAR.HLI EXR MEIgHOR from
the high molecular weight HA and which provides enhanced benefits. For
swéniiny pleyrth eheeguirementio cepaatedlydtigateiihe eyRhotQ O aswn in
surgery is substantially reduced because the higher molecular weight HA
Figetataang fRoldbissgselondes mestifng lardrelsiasiprgssor to dfsrosddlmuiténts
nd water.. Additiopally, the cross-linking present in high molecular weight
SUPTRSITGNE '3 RBTHEN BN ERRIFABRI DRy TSttt b B SENSH (hdlowable
formulation. In addition, this type of formulation may be advantageous
when used to coat the corneal surface during laser ablation as used in
refractive eye surgery. Since blurring and foreign body sensation are not a
problem in this type of refractive laser surgery, the use of higher molecular
weight HA will prove to be .



advantageous. Additionally, the cross-linking present in high molecular
weight HA allows a lower concentration of hyalumnan to be used in the
formulation. In a preferred embodiment, about 1.4 to about 2.0 or
TSP about 2.0 million dalton hyaluronan provides sulrstantiabos/ 043113
benefits in formulations for thy eye and other non-surgical uses. For
sutSiRRIe B E@TE%‘%E?@BE&%QS%%E'% #&%&%@ié‘%‘&& 085 %89%5%%&5%19” 1
well as irritatiori are minimized and the effective residence time of each
shRRPHEALILA dsinEraR R RIST aRYIE DRSS RRRGHOESARRIYRLQuct to the
eye. Furthermore, using hyaluronan at the aforementioned molecular
weights pia\icespinnp npeed an o/ ipnotbafedtatiéd ivdryaat diemiedisisaad, the
superior hydration of the corneal surface while maintaining the vital
OVeE IRt AV SO TS b s safet ernlis o e TRUS R dact difcieyes rdr Vi se duitgn
of the formulation is maintained, before, during and after the constant
PbHeaes

B RIAPSTIR S RSt SHETTRER b SPHRESER Y 1n the
i ' f l <A further
o ionie o R S 2008 e e

13 glycasidana/ay any ke rdemUicanicomponeRtEAMs ax AR ARGEG exits
mucoadhesive, providing increased residence time and enhanced coating.

frotn thti fifuithenentbodiméntl, ivisadadaptite fonmilatienstivayifies Fsdul e
deliver drugs in combination with a preservative-free delivery pump or
coyBikitditRenEular tissues for the purpose of enhanced bioavailability

and incre d residence time. For example, the residence time of
.. Kﬁﬁ%{ﬁe Ho gﬁe smbstance 18 emg cﬁé ensaa;? n% ex%st ou{?et end of the
antibiotics on the ocular tissues can be ificreased from minutes to hours.

fleEXRMRIES- Sl IHUE eliveriRBie IR s AR BE U8 RBYFIAHCRME: then

anti-allergy, steroids, antibiotics, NSAIDs, inflammatory, anti-inflammatory,
opantilinvgag dndditieicdtoghwhithfahe dalivesathtopicaliyiiehecukastissue.

Such a viscoadaptive formulation may be used for the treatment of dry
subsipaceson ditienecd gadprersnip a8 BavaRierid o ionsrsetaapoutlet orifice

fati i [, heating, iat icd ,dry |
T N C Y ERE et
val&RIESSPEINMENan RIQYidE several sURESI D RENS TSNS MAIng R nants.

example, superior coating, enhanced mucoadhesive surface tension to

ocular surfacastiangsiomsidensidiedsHPanos Nale sBgorderhpis PRMAble
moisturizing, clear visibility of the surgical field for surgeons, superior and

subsianecdlawnibtoiesboaiirgicoboth é2do mee suefaeend gripap da sy flefibistivembrane
surgery to allow selective ablation of corneal irregularities and

13 rbipgomnd e Histon 65enAR aRted Qe PRGOSt BeRi ARa os shown

in FiRL A0 '?’ia.e ibodiments,of the invention provide superigr coating of the
C rneal surrace O%Stf‘le eye andntehe conjunctlva \%/I% a‘llonger VIVO

sub@sidence tipaa dke-8tdenstdRpd tirdha R ebeamiinatan of hxalksanan
having a particular size range and/or its derivatives with other demulcent
sulgxangao hevit(s highetudingsldet svob livieddbsglyegtiions and/or viscoelastic gels.
By releasing the pressure on the actuator 2a of the reservoir, the dispensing

operation is terminated and the flexible membrane 13 returns inwardly into contact with the

outer surface of the inner core 10, The inward movement of the flexible membrane starts at

its outlet end because of its increased thickness and affords gradual contact with the outer

14



Furthermore, superior patient comfort is provided due to the
elastoviscosity of the hyaluronan and/or its derivative components which
is achieved by the novel sizes and concentrations of the hyaluronan used
i thad®rhisatiments. Additionally, superior moisturizing-adusiaihesi13
hyaluronan and or its derivative components because the novel sizes and
suffRCEIIAtonS of.the valuienan used.ip, e embodiments allowtne
yaluronan to actas am ecular sponge, soaking up and'r ea%#ﬁij1
reSEBIGROLS PO WALEIRS HRRP @ﬁt@%@ lﬂ%?vgiy rtlbﬁﬂghgf@g 08vidual portions of
embodiments allow for greater clarity of patient vision because lower
thefingebit ationsefdicbhyaltifonaorcdthpenanbare wses: Ampdditienagticd. As
surprising benefit is the promotion of a clear field of view for surgeons
a WE e Eoitipesie nsarBonss thel vrlre asergbly. s aaliscosuditivecshdidg to
__corneal shie!fdé,e e drgp) on the surface of the eye and smoother
o SSCPLETS DR RLEOTH P TFEACE HRIFRAI ANBP o HEHOBRlfgary on the vlve

co§lHUJ&ﬁ§\ﬁg,1ﬁg Q@&%{y&{%g-&?ﬁzﬁ?gli ey S tggem which is capable of

containing and delivering mu 0sSes 0 tﬁ%c%ye drops, while keeping
the formulatignfraenbian SR BNAIRRAN MR RAIRAS AP RER uch as that
developed, eliminating the costly need for and waste associated with
degirigfeniSie Uhindesimgor 17 serveSteceuitodacdaptivie eyenplrepsmbkeltwben it is
particularly well adapted for the treatment of dry eye conditions due to, for

degsesitth|d PHARIBER CHBFEYIHE AisrEoRditbrsosuigenthe Srmsurse femy trorsn

. travel, heati iatrogenic dry eye, dry eye.s romes, trauma, disease
B e e e A e Por 72

to aaRlieISYR fraRaecrrding to the present invention may include
combinations of cellulose derivatives, dextrans, gelatin, polyols, polyvinyl

alcohols anthpavitongtable to fortaatelose: casivatieseltgRmbHnaNS BA the
limited to, for example, carboxymethylcellulose sodium,

ValigdroRy dfripesd e cdrepiopyimettspldhutosen anthadibytoplhsivse.
Cellulose erill\égti\%%s may comprise from about 0.05 to about 2.5 percent,

MG RETHEDF e AHATFERLIRAIERC b OLS ol b7 dRay S erah P s ne-
or@@)yoﬁxlé% %ﬂﬂﬂ%&%@%&éﬁ‘é@ﬂﬁa%%’@@gs?e‘i’ngﬁ%b %%?adsticgners and the

formulations accordingto the present invention. Typically concentrations

maAtaotitbdspR eeNb OBX baR MYy BR- WS M @ RO AIEE RO BN 4,
demulcent agent and delivery system of the present invention is used.
impregnated, otherwise placed within them anti-microbial ingredients such as silver ions
contained within a ceramic carrier, such as those supplied by AgION, or sustained-release
ionic silver compounds, such as those supplied by Westlake Plastic Technologies which are
known to be used in the making of anti-microbial plastics. Furthermore, other anti-microbial
suitable for compounding with or coating plastics may be used. Furthermore, the soft cover 7
or the flexible membrane 13 or both could, for example, be positively charged to repel
residual flowable substance, coated in for example, Teflon type-plastics, have increased

surface tension or be anti-wetting, or any combination of the above so as to repel flowable

substance,
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Gelatin also may be included. When included, gelatin may comprise about
0.01 percent, by weight. Polyols may include glycerin,

Polyethylene Glycol 300, Polyethylene Glycol 400 Polysorbate 80, and
prepYienésgiycol. Typically, concentrations of polyols comprige frommabroer13
0.05 to about 1 percent by weight of the composition Further, glycerin

may also e A SECIOM AR itk IR R o, sho duenthofl or

alcohol (P plca yin ‘Concent ra oS ranging from ab

thée DEHGRI BRARQUIERNS ATYED ddXRIGRUY AP c&%&ﬁ%ﬂ@%mwnwom

0.1 to 2 percent, also may be included. Weight percentages

extefisiasstmiblhovermay¢anbundey wRHatmpanditonsigewilklsiappreciated
by a person skilled in the art provided with the present disclosure.
utiireeatimienbudidieemsishospprmess oinotider toutidringhageakinmiycbaceded to

incorporated in the formulation to maintain a pH_varying from about 6.0 to

SRR S SFRIEF B DM e SEM TG BRG0P StatP i iR
ha%%mpg [TaE c\llt??ra aintajn ¢ O%rprglﬁl n}éme{glg from alPth{%\%O ﬂ%wol%'lt 380

smo ter may e used to provi e an %queous megliu

sub@tmg@éerwm%dmﬁmﬁmmmpawﬁlm avBe:-formuiateduitoF m&k&h@rs to
preservatives depending on the packaging of the final product in order to

maingimtaisirsbersity. Some packaging options include, for example: single
unit-dose reservoirs without preservatives, multi-dose reservoirs with
preservati\f‘essdﬁﬁaﬂ?ﬁ‘éj ﬁh%%éﬁ"e%%% B iRReRcRE Tt dflversfvisskispluding

without rvatives and syrin oules. Inc

thevahS |Smen < TR ymﬁ”i%%an eUse ?r ampﬁ%%&ﬁ?ﬁp R %ﬁ’é’lﬁ‘&’ﬁ%ﬁeals
an@Q%LEIJsAﬂHWMé&ﬁQ%E%aQ é&'ﬂi‘%%@%ﬁn of the delvchertam

embodiments; useful in ocular surgery, as described above, hyaluronan is

provided witphehanatesiitar mweight sao@inghiiamgahgytotuah eutdsrmilion

daltons, or preferably from about 10 to about 25 million daltons or more
befsyefaraby fierpnatsbryharo itdsdpoentas tmitlidrtadmiensiree of contaminants from

the ambient atmosphere. The flowable characteristics of the material being dispensed
determines the type and dimension of the valve assembly assembly.

As mentioned, the flowable substance may be a preservative-free
pharmaceutical, such as the ophthalmological products or rotorhinélarygology products of the
examples below, all of which are intended to be maintained free of contaminants from the
ambient atmosphere and of preservatives during storage within the reservoir 2. The
ophthalmological products or otorhinolarygology products of the examples below are
amenable to storage and dispensing from reservoirs using the continuously sealing one way
valve assembly and delivery system of the present invention.

 The following examplés provide embodiments describing categories of
medical products which are amenable to storage and dispensing from reservoirs using the

continuously sealing one way valve assembly and delivery system of the present invention.
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In certain embodiments hyaluronan is present in a concentration of about
0.05 to about 0.5 %. WO 2007/056233I'CT/US2006/043113 In
certain embodiments biofermented hyaluronan is provided, eliminating the
NERA%Y/é3an animal source for the molecule. This reducesPEBFRM 6043113
viral or other biological contamination of the hyaluronan. In certain

PRIRAINEBSHRBULIGE BEy S O RQW R AS.IORANS A, Bs%%%ghed by

conjunction with hyaluronan. For example, polyols, PVA an may
prusthgsfdepanitcbeorldadheyease lags pisreusBRestenaiame.leasdikalysto

cause discomfort or blurred vision and in addition provide longer
dassgifenshindlthrRaient iNes GOETER4BhBA0R 6310, 38T1E8A; SIRTHHM SrResIBIglsd

would be used for contact lens comfort drops, day time and night time

>-dnopsl o RirTRiEd BF RrotarnreRE S Ayieracad el saifstyeterinary

applications for animals which depend an their visual acuity during their
active periods and for night tim AP the symptoms of dry eye as
well as for use during laser refractive surgery. In certain
Exmpdtiiments, cellulose derivatives would be used as dopants in
conjunction with hyaluronan. For example, cellulose derivatives, which are

more viscotlS\FSTIP A& ﬁ%‘gadfﬁlﬂgdpﬁm?ﬂfﬁ%émp%?ﬁiéﬁl
arAN R0 SIAIE NG IR B8 MRl B D S B AR TR RS oy

the animal does not primarily rely on its acuity.

V@i bagimeNisCRMRes IeRS: Brax:Re-termmated in an é&ﬂ%@é"cc‘yg%ﬂg?and
and/or solution as described in the following table: Table I:
preferably those eye drops involved in chronic care, for example, dry eye, glaucoma, allergies
and NSAIDs, and also those eye drops intended for acute care, for example during ocular
surgery, are amenable to storage and dispensing from reservoirs u;ing the continuously
sealing one way valve assembly and delivery system of the present invention. As a further
example, those eye drops used to relieve eye fatigue, those eye drops used to relieve dry eye,
those eye drops used relieve dry eye due to computer use, television use, or fatigue due to
prolonged awake periods are amenable to storage and dispensing from reservoirs using the
continuously sealing one way valve assembly and delivery system of the present invention.
Examples of dry eye products can include dry eye products comprised of but
not limited to cellulose derivatives, hyaluronan of differing molecular weights including high
molecular weight (HMW) alone by itself or in combination with a low molecular weight
hyaluronan component (LMW), polyethelene glycol 400 0.4%, propylene glycol 0.3%,
glycerin, dextran, polysorbate 80 and mineral oils. Examples of glaucoma products include

glaucoma products comprising timolol 0.25%/0.50%, brimonidine tartrate 0.1%, bimatoprost

0.03% and travaprost 0.004%. Examples of allergy products include allergy products
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Ingredient Quantity Hvaluronan 13 mg/mL 2.0 mg/mL 8.5 mg/mL 0.27
nig/mL Glycerin NacCl

WO 2007/056233 PCT/US2006/043113

comprising olopatadine HCL 0.1% and predisalone acetate 1%. Examples of NSAID
products include NSAID products comprising ketorolac 0.5% and diclofenac 0.1%.

Further, in preferred embodiments for use on the eye, a formulation of
hyaluronan and demulcents, along with suitable excipients, is stored and dispensed from
reservoirs using the continuously sealing one way valve assembly and delivery system of the
present invention. Examples and methods of making such formulations are provided below.

Hyaluronan and/or its derivatives, which can be formulated in its sodium,
potassium, calcium or other salt forms with concentrations which in certain embodiments
may vary from about 0.05 to about 3.0 percent (w/v) and with a molecular weight ranging
from about 300,000 daltons to about 7,000,000 daltons in its native form and up to about
25,000,000 daltons in its cross-linked for‘m, are utilized in the present formulations.

Preferably, use of about 10 to about 15 million or about 10 to about 25 million
dalton hyaluronan (high molecular weight HA) provides substantial benefits during ocular
surgical procedures. Since patients are undergoing surgery, often sedated in some manner, a
high molecular weight hyaluronan may be used without the disadvantage of blurring and
foreign body sensations or eye irritation from the high molecular weight HA and which
provides enhanced benefits. For example, the requirement to repeatedly irrigate the eye
during ocular surgery is substantially reduced because the higher molecular weight HA acts
as a molecular sponge, storing and releasing more of the demulcents and water. Additionally,
the cross-linking present in high molecular weight HA allows a lower concentration of
hyaluronan to be used in the‘ formulation. In addition, this type of formulation may be
advantageous when used to coat the corneal surface during laser ablation as used in refractive
eye surgery. Since blurring and foreign body sensation are not a problem in this type of

refractive laser surgery, the use of higher molecular weight HA will prove to be
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Dibasic Phosphate Monobasic Phosphate 0.04 mg/m1_, Example 1.1

In one example, the composition of Table | is used to lubricate the eye of

a patient undergoing ocular laser refractive surgery and other ocular
pgeriessBiamples of ocular surgery include corneal transptantatizng/043113
cataract, intraocular lens implantation,

advantageous. Additionally, the cross-linking present in high molecular weight HA allows a
lower concentration of hyaluronan to be used in the formulation.

In a preferred embodiment, about 1.4 to about 2.0 or about 1.5 to about 2.0
million dalton hyaluronan provides substantial benefits in formulations for dry eye and other
non-surgical uses. For example, side effects such as blurry vision and foreign body sensation
as well as irritation are minimized and the effective residence time of each application is
increased. This results in less need to reapply product to the eye. Furthermore, using
hyaluronan at the aforementioned molecular weights provides improved and prolonged
delivery of demulcents and superior hydration of the corneal surface while maintaining the
vita] elastoviscous properties of the eye drop. Thus the elasticity and viscosity of the
formulation is maintained, before, during and after the constant blinking proces‘s which aids
the coating and recoating of the ocular sﬁrfaces of the eye and the inner surface of the eyelid.

In further embodiments, hyaluronan and/or its derivatives in combination with
glycerin and/or any other demulcent components acts as an enhanced mucoadhesive,
providing increased residence time and enhanced coating.

In still further embodiments, viscoadaptive formulations may be used to
deliver drugs in combination with a preservative-free delivery pump or device to the ocular
tissues for the purpose of enhanced bioavailability and increased residence time. For
example, the residence time of antibiotics on the ocular tissues can be increased from minutes
to hours. Examples of drugs deliverable in this manner include anti-glaucoma, anti-allergy,
steroids, antibiotics, NSAIDs, inflammatory, anti-inflammatory, antifungal and other drugs
which are delivered topically to ocular tissue.

Such a viscoadaptive formulation may be used for the treatment of dry eye
conditions due to noxious environmental conditions, surgery, computer fatigue, air travel,

heating, iatrogenic dry eye, dry eye syndromes, trauma, medications and disease.
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WO 2007/056233PCT/11S2006/043113 glaucoma and retinal surgery.
During the surgery the surgical staff do not have to irrigate and re-irrigate
the eye as often as they would have had they used any available

K B3MUS@dmposition. Example 1.2 In another exanisid/¢Rz006/043113
composition of Table 1 is applied to the eye of a patient who presents with

dry eye syndime QhQUIet SAAANANST.Af &Y 6 SASRT.21 Tilc MO BRal OF
ue to dise

severe irritation se, noxious environmental conditions,

mtdsufficiencuapealsaidearsior warkntelpied GRiteNG Blee heas B @ Onaed

use with computers which retards or diminishes the natural blinking
supfaesdsigadigdacp doe] wigrecat patiatymessrandperitationstirngatient's
dry eye symptoms are relieved and the patient need not reapply the eye

vigilpraef dheengicthEgldfonTHrBeans: BerFHIepddBer afaria pRetigdihste

composjtion, Example 1.3 | In yet another example, the composition
PR B S THE Ly P AT CReAr G R BR) Se e 0
i RIRRINE, sRviRmEnialccORAGL Igns WRar.oL alsayelaiad 35%%905- The

patient's dry éye symptoms are relieved and the patient need not reapply
the eye dropyasxeiigr, amthewmemuld Mave bapiheywuradRiyavataple the
substitute composition. Thus formulations combining hyaluronan
canchdenfsiceftis apdiod preseivative frith slonggoravidbdetidersedinthduheise
formulations are provided for patients undergoing ocular surgery or

leagifie ATy dih RINFERR RIREA00 S Hd FErarad e Su isHkd s dee and/or its
rovided with reservatjve-free viscoadaptive eye drop.having improved
dgmvatwe Wvl\ﬁ'l d:@g‘ﬁ d%mulic?rfﬁ %c%rlré%?fhealtii N mcﬁ%ml% t%y {ﬁg{mgte.c%a ﬁ%eer&

VISCOSIlY an very o muicen e eye ermore,

these embadimentsare.plaerganeiaibnitseid oy el dess RO 4598k osity of
applications. Example 2 In an exemplary embodiment,

theresduvaiivefdée nidehivolearygalegoat pitodustschieahgiablevid stesagé
and dispensing from reservoirs using the continuously
concentrations ‘of the hyaluronan used in the embodiments.

Additionally, superior moisturizing due to the hyaluronan and or its derivative
components because the novel sizes and concentrations of the hyaluronan used in ‘the
embodiments allow the hyaluronan to act as a moiecular sponge, soaking up and releasing
demulcents and water as the patient blinks. Furthermore, the embodiments allow for greater
clarity of patient vision because lower concentrations of the hyaluronan component are used.
An additional surprising benefit is the promotion of a clear field of view for surgeons when
the compositions are used during surgery as a viscoadaptive fluid corneal shield (eye drop) on
the surface of the eye and smoother coverage of the corneal surface during laser refractive
surgery.

Still further, a preservative-free delivery system which is capable of

containing and delivering multiple doses of the eye drops, while keeping the formulation free
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sealing one way valve assembly and delivery system of the present
invention. For example, nasal medicines, and preferably nasal sprays,
external car creams, ear drops, steroid ear drops, antibiotic ear drops,
nH3eWrd5e23and nose drops comprising phenylephrine 0.2598GHES2006/043113
pseudoephedrine 30mg, are amenable to storage and dispensing from
RSB AI00 eLCORINUONRI, LG, ONG WRYNANE ARSSTENA0G an
de ivery system o he JE)res nt invention. ur e%, in prererre
wambadissgrisyan waednibemagatand sinus cavities, a formulation of
hyaluronan and demulcents, along with suitable excipients, is stored and
dispensed fRonh résemntaity tisjrgiitie errtinueustysealing angtamsovake
assembly and delivery system of the present invention. Examples, and
rerarrad Tk riraR ity Stens i S ererapls praide enbispapmental conditions,

Hégluronan and/or its derivatiyes which can be formulated in its sodium,

DoAYl R AR BT e SE1 PO RN AR 8 An RS RRREtipP ™,
d;gg@nm@%mggg mayyary from about 0.05 to about 3.0 percent and
u

with a molecular weight ranging from about 300,000 daltons to about

7,000,000 dilteRsgiiriisdaativedarisa iisHie 30aripie 08,00 gialtans in
its cross-linked form are utilized in the present formulations.

Ieferablyy indisboadbptivieforinedatiose idwlvding, 1810218 pailiibn @rydsio
25 million dalion hyaluronan (high molecular weight HA) in combination

RRAT YIRS P e diaP isiint demulcent, described below, provides
substantial fits during or after.nasal or trans-nasal sinus surgical
Aprocedures?ggﬁgieaérj%ﬁg‘ée%g%%ldﬁda‘é%%rﬁtg S é%&?’érew‘éﬁ“aﬁ FIA
depayalan maRe Biscall B IRALNR e Al IHSIAVINGSS) ol
the patient, eliminating the difficulty associated with’administering nasal
matigkealiping adelloloandbachiesianafluisiapostfopaiiont o6 taghtional percent,
methods. Additionally, the cross-linking present in high molecular weight
 maableS B Sne feerisistration of hyaiuronan to be used in the
formulation. I‘E a preﬁ{erred embodiment, 1.0 to 2.0 or 1.51t0 2.0

million daltoR AR BrafaL e BetattaP oGt in Mo mergan
A%APe8 R0 LGRSl ANY ROSRWAIGRLMESS . Rk SXRTRIE, 1S o1

negative effect of repeated applications of saline solutions to maintain a
oTiBime). lepetof comiarhansmeisEenare RiNiZedibesaursihaaffesdive
residence time is increased. Less applications needed to maintain
dedmeiorsy sieoistithe, hgsdnaioandind Jnsteiction is a significant physical and
clinical benefit of the invention. Such viscoadaptive formulations
may be use{TBFHEerEatRe Moy N0%s, rudssiaturmsmirapgse about
Oc'@#sgrgeply,bf%eel mple, colds, influenza, allergies, dust, smoke, air

po Iﬁtlon, aif con Itioning, winter heating, high altitudes, travel, oxygen
therapy, dfyﬁ@lj@l&ﬁ%ﬁ%@&e@{r@ﬁh%ﬂlaﬂ%%G@U&%‘éﬂjﬁiye'tﬂ%ﬁ@@lycol
dry nose and dry nose caused by surgery and anaesthesia. In
4orihey enbhio ditnerdtsdpyahirghenl aligiiraity, detteatimesmibeponaiRakiapiith
glycerin and/or any other demulcent components acts as an enhanced

Tranicoaghsie, Prstidaeginche asieht eSitie priapisiiantucthhastad toatingso
be provided from about 0.05% to about 0.5%
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In still further embodiments, viscoadaptive formulations may be used to
deliver drugs, via a preservative-free delivery pump or device, to the nasal
tissues by providing enhanced bioavailability and increased residence
RSO/ etEgnitude of up to 10 times or more. For example PH&US2006/043113
residence time of antibiotics on the nasal tissue would be increased from
minutes to pours X%}BL @k s geliverable in.this manner include,
anti-allergy, slk(’ergfgéa, anti ?cﬁ)tic f%%ﬁ?l gs?i%??ﬁﬁ%‘rtﬁaati%%%%ﬁlé rom a0ut 0.1 o
BIADIARINALORS GHEES AN NGB ANYGS RACLARBHArHES MM ATS o 2
delivered directly to nasal or sinus tissue. In certain embodiments
paciscaadapiite masalkfluid according to the present invention may include
combinations of cellulose derivatives, dextrans, gelatin, polyols, polyvinyl
alcohol and"soghéiBpiecntages refeprpdrip gheierranrancupfesesitaimasntisions as
vide sever Esur risin bﬁ efits, including for example, superior
B R AR Bod HICBAGHE bR O rassso bitesesss,
longer residg g e SHRRHIMAISULEN SARLARRILaNon. g
even coating of the nasal and sinus surfaces during a datter sﬁ/rgery and
irpoaseivalivery eadticdasedimtidti- 58 Jispansios ebshespredih 8.0.
Additionally, a viscoadaptive high molecular weight HA formulation may
Spréiyghgkieridlyop uthgedlinteite patigntaelinirating themiffitudsytassociated
with administering nasal moisturizin%fluids to the patient via traditional
oSl LRl ST et doabart a8 A me e n iiramaydiayaed to provide
aggr{}aeggssmi&%%ing inaccessible cavi_ties and tisgue surfaces dur_ing.
surgery Further, a preservative-free delivery system which is

capable of ﬁpwéém%ﬁmn%wgﬁﬁ}%m%%g%?&ﬂ&ﬂ%@d%ﬁ%r without

moisturizing fluid, while keeping the formulation free from contamination
pesdiatispalipgaihgbdenpatvsiopethetiminatogthewastly nepehiosBAGL.
waste associated with single use unit dosing. In certain
SeRgsakersSrionsipeldnh iveeramalpfieinglacndrdisy meeiveiprogbot
invention ma indclude combinations of cellulose derjvatives, dextrans,
Pgetatin, polyols, Byl AicSHoIE"aIt Botitdiiertdose esgfiffigserhich do
n&emwwaem@yaﬁhmtp%mémm%%gg gﬁ(ﬁ'ﬂ%glﬁes.
carboxymethylcellulose sodium, hydroxycthylcellulose,

hydroxypropyteiaihyeelulese:s andhneihyactiwoses CalWase deibrtives.e
may comprise from about 0.0.5 to about 2.5 percent, by weight of the final

frrwrraleatibf million to Brextraf il exdedtorderivatives may also be included.
For example, Dextran 70 may be used in formulations according to the

present invgh‘t'ﬁfﬁmr‘ifﬂ?é’&ﬁ?e(‘?&nE%Tl}é‘fiéiﬂgaéﬁ%@m 6??%@?@6?’1? Rtran
n§RRYRE: B WA ARQEL-DANTE dEHICROk A ARLESIMS Hatton

system o e present invention is u
daltons, or preferably from about 10 to about 25 million daltons or more preferably from

about 10 to about 15 million daltons.

In certain embodiments hyaluronan is present in a concentration of about 0.05

to about 0.5 %.
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Gelatin also may be included. When included, gelatin may comprise about
0.01 percent, by weight. Polyols may include glycerin,

Polyethylene Glycol 300, Polyethylene Glycol 400 Polysorbate 80, and
preREHEGhgcol. Typically, concentrations of polyols compriseciraseelsaus1s
0.05 to about 1 percent by weight of the composition. Further, glycerin

may be pravided from about 0.05% to about 0.5% by weight. . .

Poyviny! atChET (PUR A e iea HAL e B ot
ndQ1 AR A REFEERL AR BOUIIRBR LY PoniyRIGRILY 1R CRRGIVHATIQNSHANYINg

from about 01 to about 2 percent, also may be included. Weight
biplegieritagesnieidorad thedloeofiaay vary under certain conditions as will

be appreciated by a person skilled in the art provided with the present

disclosure.In certain pmbedimpnie divotensntalssHoophatedopatherbpfieiilg in
o2 ents may be ig‘corporated in the foamulation to maintain a pH varying

Aol S B G aB T Ut SO THERE I ay A56d 0 8 tubbbited. o dopants
béaﬂmf_QJQIJ?:Q&%S&QS&ds%'é%{ig}axegsehig &g rporatediin ¢

cause cotr%nt}%i N bl isi
composmons to maintain osmola |ty rangi g(?rom a 1(SZ)U ?6 a‘IB ?Jdt&%lﬁn
2l QSR p WS IORRY RAKREESHQIBR VIR 3RAAHEQUR MEH IRy

In certain embodiments compositions may be formulated with or without
eprediervativelydependling wrdlie packading afitetfinaly tagdtisidamardghieme
maintain sterility. Some packaging options include, for example: single
P WSS ORI P servatises sl vdsssarsonlishsonitir

reservatives and multidase reserv ir?ﬂ%/v ich do not allow air intake)
o R R S R Bk et oo e e

reROPRAFIme %ﬁaﬁlw@&w@g@& ysadhas %@&ﬁ&ylﬂeﬂ%}%@&&a@%” from
about 1.0 million to about 2.0 million cialtons, or about 1.4 mi |ong[o about
2.0 million dedtems embodiments, cellulose derivatives would be used as dopants in
conjunction with hyaluronan. For example, cellulose derivatives, which are more viscous,
would be used in bed tirhe, intra-operative, post surgical and moderate to severe KCS as well
as in veterinary applications where the animal does not primarily rely on its visual acuity.

In certain embodiments compositions may be formulated in an aqueous

mixture and/or solution as described in the following table:

Table 1:
Ingredient Quantity
Hyaluronan 1.5 mg/mL
Glycerin 2.0 mg/mL
NaCl 8.5 mg/mL
Dibasic Phosphate 0.27 mg/mL
| Monobasic Phosphate 1 0.04 mg/mL
Example 1.1

In one example, the composition of Table 1 is used to lubricate the eye of a
patient undergoing ocular laser refractive surgery and other ocular surgeries. Examples of

ocular surgery include corneal transplantation, cataract, intraocular lens implantation,
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WO 2007/056233PCT/US2006/043113 In certain embodiments,
useful in nasal or sinus surgery, as described above, hyaluronan is

provided with a molecular weight ranging from about 10 to about 25

M daftsids, more preferably from about 10 to about 15 miltiorusziéenssi13
In certain embodiments hyaluronan is present in a concentration of about

gt&%&%ﬁx‘%ﬁﬁﬁ-&"g&% Sk QrRe GREgdiD Q&IlgicM%?JHJd@Eoﬁlf{aQ)&ﬁ);fgxg é’%?ét

surgical applications, hyaluronan IS present In"a concentration o

an@rd DYl Qboden 5 ek annlb ek embadiienkdise i Jemtads usefor
treatment of dry nose, hyaluronan is present in a concentration of about

co@pbSitiorabout 0.3% or of about 0.05 to about 0.5 %. Weight
percentages referred to above may vary under certain conditions as will
be appreciated by a person skilegmPthéart provided with the present

dsclosure, oo 1SS exbodiments composiion maybe, o,

dutg
formulated with OF W preservatives depending ofr'the pac ng of

patf: WAl REOGMEL i QU IQ MANRIN SIRL!ILY nROBAS HAFAES ARI R nila,

delivery options include, for example: single unit-dosereservoirs without
mdaese prakves, ifftifiod dse thasisnwe) isowidBs RiesenmiMeis anttiond|tisesaciency

reservoirs (which do not allow air intake) without preservatives and :
of agitired ésssroampbuldeed conditiops serhain peplbratihvensthiofennsrtedich

hyaluronan_is provided, eliminating the need to use an animal source for

P R GIBRAIEEeT e PRI LTHaE RRoG P APAT B R CTEERERP- cryness and

irrt qpc}f?‘mllﬂea é&pelr%fst Iareylg a lsu%) QSR are relie&lgd%%g%é?.%@e%?gégaen%ttsreaﬁﬁly the
emulcents, also known ds opants, are provide conjunction w

cyMAIHEQRABA EOMEXABUNERO WIS 7 Vi and, BMHMay baiksethapAarants

because they arc less viscous and therefore less likely to cause
discomfort and in addition provitiealopger.¥esidence time on the nasal
tissue. In certain embodiments, cellulose derivatives would be

used as dopaRtIARBAHRTIOAWRIIRPAItPE AT e dscenpiind I tinArsel @
paggr{ti\éfai\t\clz%sl’g ¥\rlg]r|1(1:gr3ar %%erggg oveilsr gr%(sa: environmental, contact lens wear or allergy
related reasons. The patient’s dry eye symptoms are relieved and the patient need not reapply
the eye drop as often as they would have had they used any available substitute composition.
Thus formulations combining hyaluronan and demulcents and/or preservative-
free storage and delivery of the these formulations are\ provided for patients undergoing
ocular surgery or suffering from dry eye irritation and related dryness conditions are provided
with a preservative-free viscoadaptive eye drop having improved viscosity and delivery of
- lubricating demulcents to the eye. Furthermore, these embodiments are also generally useful
for ear, nose and throat applications.
Example 2

In an exemplary embodiment, preservative-free otorhinolarygological

products are amenable to storage and dispensing from reservoirs using the continuously
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W() 2007/036233PCPUS2006/043113 would be used in bed time,
intro-operative, post-surgical and moderate to severe dry nose conditions.

In certain embodiments compositions may be formulated in an aqueous
MIREAE/81eér solution as described in the following table: T&IGIEUS2006/043113
Ingredient Quantity Hyaluronan 1.5 mg/mL Glycerin

sealing one way valve assembly and delivery system of the present invention. For example,
nasal medicines, and preferably nasal sprays, external ear creams, ear drops, steroid ear
drops, antibiotic ear drops, nose drops, and nose drops comprising phenylephrine 0.25% and
pseudoephedrine 30mg, are amenable to storage and dispensing from reservoirs using the
continuously sealing one way valve assembly and delivery system of the present invention.

Further, in preferred embodiments for use in the nasal and sinus cavities, a
formulation of hyaluronan and demulcents, along with suitable excipients, is stored and
dispensed from reservoirs using the continuously sealing one way valve assembly and
delivery system of the present invention. Examples, and methods of making such
formulations are provid‘ed below:

' Hyaluronan and/or its derivatives which can be formulated in its sodium,
potassium, calcium, zinc or other salt forms with concentrations which in certain
embodiments may vary from about 0.05 to about 3.0 percent and with a molecular weight
ranging from about 300,000 daltons to about 7,000,000 daltons in its native form and up to
about 25,000,000 daltons in its cross-linked form are utilized in the present formulations.

Preferably, a viscoadaptive formulation including 10 to 15 million or 10 to 25
million dalton hyaluronan (high molecular weight HA) in combination with a low molecular .
weight demulcent, described below, provides substantial benefits during or after nasal or
trans-nasal sinus surgical procedures. For example, a visco adaptive high mélecular weight
HA formulation may be physically pumped into the nasal or sinus cavity(ies) of the patient,
eliminating the difficulty associated with administering nasal moisturizing and/or anti-
adhesion fluids to the patient via traditional methods. Additionally, the cross-linking present
in high molecular weight HA allows a lower concentration of hyaluronan to be used in the

formulation.
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2.0 mg/mL NaC1 8.5 mg/rnL Dibasic Phosphate 0.27 mg/mL Monobasic
Phosphate 0.04 mg/m11, In certain embodiments hyaluronan

and/or its derivatives may be delivered separately or in combination with
StRePYditdtéents as a viscoadaptive fluid in a pumping devids; Ttisziong43113 -
the one-way valve and delivery system of the present invention., for direct

applicationfg (NARQSIEIEIMORITIAS £65% 8456 SAMYEUENI pyajuronen

application without direct contact wi e affected area. Fur

proiaelisibaisniqandeelelixeradaibas tberme Canfigusaon Qr A iR Yei-
utilizing the one-way valve and delivery system of the present invention.

sugiiitlfurthelothsangdeofha mesipingfdevitepditrd sypiesiombyfjielie sowringo
of the affected area and ease of use without the need to directly contact

A R S Pl EPBTERG ARe FISOU S ST HRIZ A NSRS Bt to

eGSRl Dyalionan andioglisaetualies oilhel separately or
combination With other 3enr|>mcen?s In‘a pumping device sﬁ%gilﬁbsé‘ﬁ'}?’for

hy REERDARE) SR IEANSNAsRkIngH Sﬁ'&@&ﬁ’ and clinical benefit of the invention.

Such viscoadaptive formulations may be used for the treatment of dry nose,
sneezing and/or irritation caused by, for example, colds, influenza, allergies, dust, smoke, air
pollution, air conditioning, winter heating, high altitudes, travel, oxygen therapy, dryness
caused by certain medications, iatrogenically induced dry nose and dry nose cauéed by
sufgery and anaesthesia.

In further embodiments, hyaluronan and/or its derivatives in combination with
glycerin and/or any other demulcent components acts as an enhanced mucoadhesive,
providing increased residence time and enhanced coating.

In still further embodiments, viscoadaptive formulations may be used to
deliver drugs, via a preservative-free delivery pump or device, to the nasal tissues by
providing enhanced bioavailability and increased residence time, in a magnitude of up to 10
times or more. For example, the residence time of antibiotics on the nasal tissue would be
increased from minutes to hours. Examples of drugs deliverable in this manner include anti-
allergy, steroids, antibiotics, NSAIDs, inflammatory drugs, anti-inflammatory drugs,
antifungal drugs and other drugs which are delivered directly to nasal or sinus tissue.

In certain embodiments a viscoadaptive nasal fluid according to the present
invention may include combinations of cellulose derivatives, dextrans, ge§atin, polyols,

polyvinyl alcohol and povidone.
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Embodiments of the present invention provide several surprising benefits,
including, for example superior coating, superior patient comfort, superior
moisturizing, superior hydration and preservative-free multi-dose,
MQFF8ehEhensing of the product. For example, emibssirsent ¢fi 13
the invention provide superior coating of the nasal and sinus tissue

surfaces Wity 0RGRE i MYSHESIARNGE: IS U @J&%ﬁ@%ﬁ%&%&@ﬁm

novel combination of hyaluronan and/or its derivatives hav e

ingladiici e Sireplangpsiclesetine drdheya Witk thendasiaeM nasal and sinus

component(s), including but not limited to glycerin. Furthermore,
susfaprsriongratiestdeoertion. isprovidedstueing, thsiel agpbivistosityefdia coating
h%aluronan and/or its derivative components which is achieved by the

oL iR e8I A0S sl BRGSO TR BRAhRT SiSRdtiKerfige multi-dose,

m @[fsoed&@%%sﬂ of the @O%glictgonally, superior moisturizing due to the
yaluronan and orl?tspderlvative components is provided because the

novel SiZe%@ﬁl@&ﬁﬂ?%@é&ﬂﬁaﬂ%@%ﬂ%%@%%&@ﬁm HEnulation may be

embodiments allow the hyaluronan to act as a molecular sponge, soaking
phypicatigl pelgading denpateentsiatchivgtelcastnasgedsby e ¥88Uministering
Still further, a preservative-free delivery system which is capable of
negymeaiffitiaa dddtitetin gatrtipridd s tttbadasad fadslinghilerkeeping
the formulation free from contamination and/or spoilage has been
°°8%%?5r§§&‘,aé#;?ﬁﬂ§mj THEAEB tRPHERYS feresrial tlaste Brscc dastr witfpoes
dﬂﬂ@éﬁrgéﬁ?,u”it dosing. Such viscoadaptive nasal fluids are thus
particularly well adapted for the treatment of dry nose conditions due to,

for exampleuraids, jrEue - AlepeiRer HiSte SRS, i3 HpAlH OBy @Rlining
conditioning, winter heating, high altitudes, travel, oxygen therapy,

and Waivssngangiédlbycserefithemesitatitms iaing fatich gericabisping teadraiylation
nose and dry nose caused by surgery and anesthesia. Example 2.1

- free from contaniination and/or spoilage has béen developed, eliminating the costly need for

and waste associated with single use unit dosing.

In certain embodiments a viscoadaptive nasal fluid according to the present
invention may include combinations of cellulose derivatives, dextrans, gelatin, polyols,

' polyvinyl alcohols and poviddne.

Cellulose derivatives include, but are not limited to, for example,
carboxymethylcellulose sodium, hydroxyethylcellulose, hydroxypropylmethylcellulose, and
methylcellulose. Cellulose derivatives may comprise from about 0.0.5 to about 2.5 percent,
by weight of the final forzﬁulation.

Dextran or dextran derivatives may also be included. For example, Dextran
70 may be used in formulations according to the present invention, Typically concentrations

of about 0.1 percent dextran may be used when another polymeric demulcent agent and

delivery system of the present invention is used.
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The composition of Table 1 is applied to the nasal or sinus passages of a
patient undergoing nasal or sinus surgery. During the surgery the surgeon
may have considerably less difficulty in applying the moisturizing fluid to
Na3aPar8iius cavities. Additionally, the viscoadaptive solutiarrhaseds 043113
superior residence time on nasal tissue, which will allow for longer
coating, moisturizj icat] rotecti f delicate nasal tissu
and to Surg e Aerea o e e shou
0.pPséaRerMeaghesions of tissue surfaces especially in the presence of
residual blood following surgery. Example 2.2 The composition of
Table 1 is &piphiediizy thelekrghassagbslphisy pateiywndeogpingmitdliecmycol
inner surgery of the ear. During the surgery, the surgeon may have
4000l yeranity fe aa amr RS eiBleRsp VT eAy neoRstizivrn S af ey thecompities
ﬁggg solljlgfgls S ogthtelear. Also, the viscogdaptive solution has a superior
residence tne DR tisSTEH RIS Y ras farmoTiioh Ay pratcgdm may be
prlHRIAHON A3, DRSEYS MW anigd adbgsions of tissue during the

postoperative period. In this mannér the viscoadaptive solution can ‘
facilitate theohealinglraesy Ay, @W@M@ﬂﬁ%&%&&@ﬁ%@?% Hugicako

adhesion of tissues, for example in the presence of residual blood
abgaifaisipenirodtrsuidpesy/ (HSRtpls 2B in concenfFitromphsitiosmodtbatid 1o
is applied to the nasal or sinus passages of a patient following nasal or

DO IPEIsFTE AlSCrHY B4R Ery nose symptoms are relieved and the

patient nee‘gn re the nasal fluid as often compared to saline, or
other nasal s%%%lti ??é% ﬁ% exhIbit di ea”rgleor‘{f3 physical %}%%gﬁﬁ@gwﬂ%g}gggs as

wHEBOPRERHIELERMPMEG1td in the arl Bﬁ»ﬁﬁ%%ﬁ_%ftﬂ@ ;Qgs-gﬁpc!l?séldilfaep plied

to the nasal or sinus passages of a patient suffering from dry nose due to

airborne, elviccnimentaliceraiphmphlicadiankeobalieigy salategseasons.

The patient's dry nose symptoms are relieved and the patient need not
inferRSFAFdHe halammAtoadonantas &y Woing favebad HHcy alsad Sfymore
prea%é‘;jleﬂa%p la%oSuL% %%tl‘%l g%opt 8.0. Sodium chloride or other salts may be incorporated in
certain compositions to maintain osmolality ranging from about 270 to about 350
mOsmol/kg. Water may be used to provide an aqueous medium.

In certain embodiments compositions may be formulated with or without
preservatives depending on the packaging of the final product in order to maintain sterility.
Some packaging options include, for example: single unit-dose reservoirs without
preservatives, multi-dose reservoirs with preservatives and multidose reservoirs (which do
not allow air intake) without preservatives and syringes or ampoules.

In certain embodiments, the hyaluronan used has a molecular weight ranging

from about 1.0 million to about 2.0 million daltons, or about 1.4 million to about 2.0 million

daltons.
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composition. Thus formulations combining hyaluronan and
demulcents and/or preservative-free storage and delivery of the these
formulations are provided such that patients suffering from dry nasal
doPaAMGAS2ie provided with a preservative-free viscoadaptiveatassbfieid3113
and WO 2007/056233PCT/U52006/043113 device for administering the

same, h?“’iQ%&'{Qﬁ’J%’n‘{EQ&i'mo ”hﬂs‘? ru's%%ﬂ%x@s%l%yr%{%%hp rotecl %gigr%d above,
Lubricating properties, Furthennore, thése embodinm are also

hydEREEAIY Mol d VB D RESIMALLR RN RLASHWE| 8 RIS million
applications where a moisturizing fluid is needed. Although the

da8ysiemois slesighieditat slsamiithovaisousspidiienvaliivasree formulations it
may also be used with formulations which are not preservative free. WO
2007/0562B3P@TYeg200604 3y 2 Branghé erghes:in a concentration of about 0.05

to about 0.5 %. In still other embodiments, useful for surgical or post surgical applications,
hyaluronan is present in a concentration of about 0.15% to about 0.5 %. In yet another
embodiment, useful for daily use for treatment of dry nose, hyaluronan is present in a
concentration of about 0.15 to about 0.3% or of about 0.05 to about 0.5 %.

Weight percentages referred‘to above may vary under certain conditions as

‘will be appreciated by a person skilled in the art provided with the present disclosure.

In certain embodiments compositions may be formulated with or without
preservatives depending on the packaging of the final product in order to maintain sterility.
Some storage and/or delivery options include, for example: single unit-dose reservoirs
without preservatives, multi-dose reservoirs with preservatives and multidose reservoirs
(which do not allow air intake) without preservatives and syringes or ampoules.

In certain embodiments biofermented hyaluronan is provided, eliminating the
need to use an animal source for the molecule. This reduces the risk of viral or other
biological contamination of the hyaluronan.

In certain embodim-cnts demulcents, also known as dopants, are provided in
conjunction with hyaluronan. For example, polyols, PVA and PVP may be used as dopants
because they are less viscous and therefore less likely to cause discomfort and in addition
provide longer residence time on the nasal tissue,

In certain embodiments, cellulose derivatives would be used as dopants in

conjunction with hyaluronan. For example, cellulose derivatives, which are more viscous,
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1. A continuously sealing one way valve assembly and delivery system for
dispensing a flowable substance, comprising: a source for storage of the
fiowable substance, the source having an opening; a valve assembly
cHUBd e opening of the source, said valve assembly ineltdiveyodi)oan 13
inner core having an inlet opening for receiving the flowable substance
wilie Bt RASPRGE M ANGALIRARAPR.RCLL SRSNING IS N PRSSROGYEN..
(ii) a hollow flexible membrane having a first end and a second end;
cotiesti@nd being thicker than the second end, wherein the hollow flexible
membrane is fitted over an outer surface of the inner core and when the
flo able substariee Euplaiedntmaenpsissumihecdlowahie:dibatageeexits
through the at least one port opening and expands said membrane
MEHRRARdIG ek icanRs Seaibed ixde @ﬁ??&flﬁﬁﬁﬁ’@%core; a cover enclosing the
flexible membrane and having an Ltt{ke?t orifice for dispensing the flowable
‘substance from the valve assemb;@‘a én pressure is applied to the

Inépyamlﬁ substance and Wilt;‘lﬁu,‘;“wiéyll thepresstre-on-the

HyiWahlg substance 1s refeased, the first eppiofthe .hui‘mw ftexibte
GlImeimprane moves back into tightly |m%mmfrvmﬁrhe—cur€rm

N4pe inner core before the remainder @fsthg/hallow flexible membrane

Dieied¥bymbkténto tightly fitting contaco withgharouter surface of said inner

Mepgbasigithosphate wherein the sourde)ig4filednivith a preservative free eye

care or nasal care product comprising: hyaluronan or derivatives of

- hyaluronan. ) . . o .
y In certain embodiments hyaluronan and/or its derivatives may be delivered

separately or in combination with other demulcents as a viscoadaptive fluid in a pumping
device, utilizing the one-way valve and delivery system of the present invention., for direct
application to thé nostril(s) to optimize ease of use and hygienic appliéation without direct
contact with the affected area. Further, this product also can be delivered in a tube-type
configuration or a reservoir utilizing the one-way valve and delivery syst;m of the present
invention. Still further, the use of a pumping device offers superior hygienic covering of the
affected area and ease of use without the need to directly contact the affected area.
Therefore, embodiments of the invention also relate to the use of hyaluronan and/or its
derivatives either separately or in combination with other demulcents in a pumping device
specifically for intra-nasal and trans-nasal indications.

| Embodiments of the present invention provide several surprising benefits,
including, for example superior coating, superior patient comfort, superior moisturizing,
~ superior hydration and preservative-free multi-dose, multi-use dispensing of the product.
For example, embodiments of the invention provide superior coating of the

nasal and sinus tissue surfaces with a longer in vivo residence time due at least in part to the
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WO 201)7/056233PCT/US2006/043113 2. A continuously sealing
one way valve assembly and delivery system as set forth in claim 1,
wherein the hollow flexible membrane has an axially extending
SFHIpEEE continuous band at the first end of the hollow flRKiES2006/043113
membrane and encircling the core, 3. A continuously sealing one

way valve asse bla/lualgnd delicYBp{ system. as 1set.for hin I(%!aim 1. wherein

H%Vgi Membrane has ac?%aéﬁgﬂy ou Waerrtﬂ)?tgf end fﬁé gﬁ%e %utl%seizs?er%%ea’

Jepddherentadiacant Ba&m%a@%@@%m@yﬁs@,f fReuIRRERG kR 1ANE NS AVEH.

also has a radially outwardly extending flange pressing the flange on the
membrane fotthéhuidréighpetntpaion doatadiaf dded andhy erdenditigscosity of
flange at the passageway opening into the inner core. 4. A

thedyyahuensalgnééalingionetivagornoecassanblis apticdedibe hesyetelnizes st
forth in claim_ 3. wherein a collar and connector member on the source

CQuEOrELE %W%%&&E%Wfsdtﬁb%ﬁ}%@’mm- 5. A continuously sealing
one way Va&’ﬁﬁ%ﬁﬁ ,bJX %[i'% %%Iféégrriﬁﬁgﬁ?erEﬁ&%\%g\? Iglrl] in aglc?(l:)rxnitg' derivative
e réade hich

wherein the connector mberisat screw w mates to the

c&8Pakents is profdA SEALIRLALSHSERIRGQNG NaYabE FSEEMYAINRAL used in
delivery system as set forth in claim 4 wherein a collar and connector

thmemtbdmentthdlsotircBysbrurenthestalye mskenilyptogheshingerand effesing

a positive lock preventing opening of the source. 7. A continuously
demulirRptond Wats vare s yHISIESERY delivery system as set forth in claim

1, wherein utlet orifice in the cover is arranged s that it can dispense
2 scloctod QUL B U TWA R SHOELAAE S W S sy

cSRAHNG RS MRENAMEARTE TRl anddRlYenGSYSIEn Eée;?ﬁbf{ﬁ@@o%ﬁl%%
1, wherein the outlet orifice in the cover is formed of a soft material.

free from contamination and/or spoilage has been developed, eliminating the costly need for

and waste associated with single use unit dosing.

Such viscoadaptive nasal fluids are thus particularly W@ll adapted for the
treatment of dry nose conditions due to, for example, colds, influenza, allergies, dust, smoke,
air pollution, air conditioning, winter heating, high altitudes, travel, oxygen therapy, dryness
caused by certain medications and iatrogenically induced dry nose and dry nose caused by
surgery and anesthesia.

Example 2.1

The composition of Table; 1 is applied to the nasal or sinus passages of a
patient undergoing nasal or sinus surgery. During the surgery the surgeon may have
coﬁsiderably less difficulty in applying the moisturizing fluid to nasal and sinus cavities.

Additionally, the viscoadaptive solution has a superior residence time on nasal tissue, which

will allow for longer coating, moisturizing, lubricating and protection of delicate nasal tissue
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9. A continuously sealing one way valve assembly and delivery system as
set forth in claim 1, wherein the outlet orifice in the cover is formed of a
flexible material. WO 2007/056233PCT/US2006/043113 10. A

Y BMIGEESsealing one way valve assembly and delivery systefiSageetsi13
forth in claim 1, wherein the cover is formed of an inner axially extending

anﬁ%@J@mm@w@@@M&M@&%@W&J&Ms\w \g{f&b”% fioud ?lﬁ‘s“%ls of

shell. 11. A continuously sealing one way valve Bssem

tissleluetycsysieids sehéqhtidncelaimdiandielsia mmga&géﬁrranged to
fit over and form a seal with said valve assembly sufficient to prevent

external contamination from entéxamgpthé.alve assembly during storage.
12. A continuously sealing one way valve assembly and delivery system

as set fortt 1§ CPRIRSIHARNE Fei et [ arpliged e sa ResHRE P O P thRdient

throu h the inn rcore dtot e inner surface of the flexible
un?naégr?] a?\:\{e%e ot YR SHES Patis y SOSITAY B A4S HRERLERBKF

cofdMbaiBly R SYSlem ﬁﬁﬁﬁl&f&é@é&ﬂ&%h&"ﬂﬁ@%@%a%%‘ g grﬁ Sur rTlgs? S

a collapsible reservoir reducible in volume in proportion as t owa

theserpstabhoetiis dispanpad:froimitheraodl apsitite resRAWHime on tissubde Alow for
continuously sealing one way valve assembly and delivery system as set
SrRHA RN g P rfpRiein waiertot apdityl erreservbinisedndietaelfoivsiea
d an internal ba 15. A continuously sealing one way

oo R e sy oo
heﬁ?ﬂg B%Q&W&&J@%@AX@&S&? SSe v%cs)gzrgclgal adhesion of tissues, for

example in the presence of residual blood remaining post-surgery.
Example 2.3
The composition of Table 1 is applied to the nasal or sinus passages of a
patient following nasal or sinus surgery. The patient’s dry nose symptoms are relieved and
the patient need not reapply the nasal fluid as often compared to saline or other nasal
solutions that exhibit different physical properties with less residence time.
Example 2.4
The composition of Table 1 is applied to the nasal or sinus passages of a
patient suffering from dry nose due to airborne, environmental, certain medications or allergy
related reasons. The patient’s dry nose symptoms are relieved and the patient need not
reapply the nasal fluid as often as they would have had they used any available substitute
composition.
Thus formulations combining hyaluronan and demulcents and/or preservative-
free storage and delivery of the these formulations are provided such that patients suffering

from dry nasal conditions are provided with a preservative-free viscoadaptive nasal fluid, and
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16. A continuously sealing one way valve assembly and delivery system

as set forth in claim 15, wherein the housing has a slot extending in the
axial direction for applying dispensing pressure to an actuator of the
dNapLitsReFdservoir. 17. A continuously sealing one R¢AyUaN 043113
assembly and delivery system as set forth in claim 1, wherein the cover

dehas @ggms%ﬂg&%ism,vmm%mé&rﬂ@%ﬁ&%&? %Q&sﬁgwab'e{,ﬁ%mng

substance from the cover when dispensing pressure s app i6d 1o
andQubieatiVY GropetAds] 096R SRR T L2/ EIre also gedBally usetul for ear,
continuously sealing one way valve assembly and delivery system, as set
nofgrthdptle kahihiaat wheeBiss thgioal thepdeifiossinbaee covaktisitnpetvio istadhe
flowable substance and does not retain the flowable substance inwardly of
the outlet dHiftush the systeey indesiarpslitnehy slivigionawesyvotreree
' bly..and delivery sys as set.forth.in claim 1 wherein the inner
e Mo M R LA 5 Beeiraten
flowable substance is dispensed from the outlet orifice when the actuator
IS depressed. 20. A one-way valve assembly and delivery system
of claim 1, wherein the source is filled with a preservative free eye care
product comprising: hyaluronan or derivatives of hyaluronan and one or
more demulcents. 21. A one-way valve assembly and delivery
system of claim 20, wherein the hyaluronan or derivatives of hyaluronan
range in size from about 300,000 daltons to about 7,000,000 daltons.
22. A one-way valve assembly and delivery system of claim 20, wherein
the hyaluronan or derivatives of hyaluronan range in size from about 1.4
million daltons to about 2.0 million daltons.
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23. A one-way valve assembly and delivery system of claim 20, wherein

the hyaluronan or derivatives of hyaluronan range in size from about 2 MCSLLP

million daltons to about 15 million daltons. 24. A one-way valve

a4z emiiyoaid delivery system of claim 20, wherein the hyal FoR&R20$6/043113

derivatives of hyaluronan range in size from about 10 million daltons to
In3ROML R Million daltons. 25. A one-way valve asse_mbl_y and

delivery system of claim 20, wherein the hyaluronan or derivatives of

hyaluronan rangetinusiss bamabritap vallion daltenstiahey 23:ailign
daltons. WO 2007/056233PCT/1JS2006/043113 26. A one-way

dispgluenassemighe anicsidediy epynpsisten of claim 20, wherein the hyaluronan
or derivatives of hyaluronan are present at about 0.05-0.5%. 27. A
one-way VARRIEE %@rﬁgﬁﬁéfH%E@&%P%Wctbwg@eW@mm fiRsning;
h aIuronan on derlvatl s of h nan are present at ab t 0.05-3%.
2362 A one- Way VaNe & as ié?t SHVER sﬁﬁér%ff&é GOV STRRY
the hyalurenanel, derlvatlves of hyalumnan are obtained from
biofermentation. 29. A one-way valve assembly and delivery

system of claim 2{) awieeeiot 1evileiin e Soue Sl dlagnyitt Aowable
preservative free eye care product comprising: hyaluronan or derivatives

of hyaluronan, orebeipreIEepRiskEsmsyand a protiuct Beteptadhfr tomche
or more of the following: timolol 0.25%/0.50%, brlmonldlne tartrate 0.1%,
bimatoprost 0.038%° &8 &vaprost 0.004%.

(ii) a hollow flexible membrane having a first end and a second end,
the first end being thicker than the second end, wherein the hollow
flexible membrane is fitted over an outer surface of the inner core and
when the flowable substance is placed under pressure the flowable
substance exits through the at least one port opening and expands said
membrane outwardly from said outer surface of said inner core;

a cover enclosing the flexible membrane and having an outlet orifice for
dispensing the flowable substance from the valve assembly when pressure is applied to the
flowable substance and

wherein when the pressure on the flowable substance is released, the first end
of the hollow flexible membrane moves back into tightly fitting contact with the outer surface
of the inner core before the remainder of the hollow flexible membrane moves back into
tightly fitting contact with the outer surface of said inner core, and

wherein the source is filled with a preservative free eye care or nasal care

product comprising: hyaluronan or derivatives of hyaluronan.
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30. A one-way valve assembly and delivery system of claim 20, wherein

the wherein the source is filled with a preservative free eye care product MCSLLP
comprising: hyaluronan or derivatives of hyaluronan, one or more

HMFACEdE33ANnd a product selected from one or more of the felloWigo6/043113
olopatadine HCL 0.1% and prednisolone acetate 1%. 31.A

- one-way vajve assem ?’f%éag‘% gelivery gst m of clai e{/e m 29, dv\ﬁ?v%rlgd%ég% as set

wherein the source IS d with a preserva |ve care pr

fOR@MHYISIAG, Ryaivromanldatvalivasebhval H£9 Q@&l I QAE
demulcents and a product selected from one or more of the following:

uketoropts Ochtinand dicfofethadidt £A6.of the hol B AedbR-Waybrad¥@nd encircling

assembly and delivery system of claim 20, wherein the demulcent L.
the&pagted from one ore more of the following: cellulose derivatives,

dextrans, i , polyvinyl alcohols and pgvidone.

one-way v%fv%ggs%rg%T vand H’@I%@ry@%f%ﬁ Wm%afd\ﬁﬂé’@ihsﬂﬁ@m as set
fo%@qfxqga ﬁqfi”%é%m Sl %%S\E\fé“@/ﬁagrz? ?a&l%? oSN gr&’iroéjxltle té: e lan nsmgthe

hyaluronan or derivatives of hyaluronan and one or more

seWhil 2R0THOEE23RPMLT18 1he PRSIBARY, 1Bthe inner co3é, AIAREVRY é@cl\ﬁ%s a

assembly and delivery system of claim 33, wherein the hyaluronan or
radisHyatives dif hyshdiiop dangrgesinsibe fleoge ahdut hehbnitiomdditoh s dia
about 2.0 million daltons. 35. A one-way valve assembly and
coREaRt A dinlne i B sx e i nse HyhrneTRET BTV EG/Ete dfe inner
hgaluronan range in size from about 1 million daltons to about 2 million
“daltons.

4. A continuously sealing one way valve assembly and delivery system as set
forth in claim 3, wherein a collar and connector member on the source secure the valve
assembly to the source,

5. A continuously sealing one way valve assembly and delivery system as set
forth in claim 4 wherein the connector member is a threaded screw which mates to the collar.

6. A continuously sealing one way valve assembly and delivery system as set
forth in claim 4 wherein a collar and connector member on the source secure the valve
assembly to the source and effect a positive lock preventing opening of the source.

7. A continuously sealing one way valve assembly and delivery system as set
forth in claim 1, wherein the outlet orifice in fhe cover is arranged so that it can dispense a
selected quantity of the flowable substance.

8. A continuously sealing one way valve assembly and delivery system as set
forth in claim 1, wherein the outlet orifice in the cover is formed of a soft material.

9. A continuously sealing one way valve assembly and delivery system as set

forth in claim 1, wherein the outlet orifice in the cover is formed of a flexible material.
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36. A one-way valve assembly and delivery system of claim 33, wherein

the hyaluronan or derivatives of hyaluronan range in size from about 10
million daltons to about 15 million daltons, 37. A one-way valve
ASIEMBRPBAY delivery system of claim 33, wherein the hyalUPORASNG/043113
derivatives of hyaluronan range in size from about 10 million daltons to

about 25 meIOR E@J{ﬂﬂ&xslﬁ seaiinggnmg%é%%s}é@x%ﬁﬁ 3 SCF crlggbé a@gs em as

delivery system of claim 33, wherein the hyaluronan erivativeso

schyattiranaiuareviiesrnhat et :RRdbPI inner axiaBPeARNBpYRY VRIVE
assembly and delivery system of claim 33, wherein the hyaluronan or

mgabgaliteedlpEhglateddran arslpregendiag dboiutl GiiGsB9b. 40. A
one-way valve assembly and delivery system of claim 33, wherein the
hyaluronantbr QSRR B SFAI I PER AParal s asembht Aol iverspssos as

A one-way valve assembly and deliver stem af claim 33, wherein
e R T S S e S e

asNafeNeMAatians prevent eﬁ%rﬁl%@ﬁ%aﬁ@&‘@oﬂ?&ﬁ%@tﬁ@ aﬂ%"'c}/s%%bly

system of claim 33, wherein the wherein the source isTilled with a
dpihesarvative free eye care product comprising: hyaluronan or derivatives

of hyaluronam one or more demulcents and a product selected from one

or more of tRe fotisinguilimsming. o570 B09% abximidnidii ddbytmtey Schfbs

[ .039 rost 0.004%. WO
Seg%%;o : gégb?#ﬁgl%%gyg%a@s extenc(i) from the passageway through the inner

core and to the inner surface of the flexible membrane.

13. A continuously sealing one way valve assembly and delivery system as
set forth in claim 1, wherein the source comprises a collapsible reservoir reducible in volume
in proportion as the flowable substance is dispensed frbm the collapsible reservoir.

14. A continuously sealing one way valve assembly and delivery system as
set forth in claim 13, wherein said collapsible reservoir is one of a bellows, a tube and an
internal bag.

15. A continuously Sealing one way valve assembly and delivery system as
set forth in claim 1, wherein an axially extending housing laterally encloses the source.

16. A continuously sealing one way valve assembly and delivery system as
set forth in claim 15, wherein the housing has a slot extending in the axial direction for
applying dispensing pressure to an actuator of the collapsible reservoir.

17. A continuously sealing one way valve assembly and delivery system as
set forth in claim 1, wherein the cover has a closed outlet orifice which opexs for dispensing

the flowable substance from the cover when dispensing pressure is applied to the source.
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43. A one-way valve assembly and delivery system of claim 33, wherein
the wherein the source is tilled with a preservative free eye care product
comprising: hyaluronan or derivatives of hyaluronan, one or more
HEhCEMEAnd a product selected from one or more of the RSHEHARAY /043113
olopatadine HCL 0.1% and prednisolone acetate 1A. 44. A
one-way VaeassamblsANd AaIRELYSIERE QLRI 3 WGLRIRNEN, as
wherein the source is filled with a preservative free eye care product
seCamMp fistngmhyaltienanier aesvaifiesofb yaksonanp QR Brees Elowable
demulcents and a product selected from one or more of the following:
substrons| and 0 B9meindtelicibédiramble g stance inwpBd A ofitkewstieierifioe.
assembly and delivery system of claim 33, wherein the demulcent is

selected frofn Bri@BIHISRY SPARSIIOUAN S BEIRISED Wehd daleey GEstrmAs,

seggolgﬁ h 88596‘1' %ﬁl%?c%\ll kqgllr?'rlgro (Q)%!%SIS Bé)r'x%{g’é%éﬁ%eﬁu@{‘ gsé?eoal\gﬁi) 2{111%'1’.0 ant actuator

continuously sealing one way valve asse an ery system

su@R 96t fRHRIP Glsithls WRRIRIRINELOBINRUENSEAINGEPNE MY Halve
assembly and delivery system can dispense multiple doses of

dgpresedvative-free product. 47. A continuously sealing one way
valve assembly and delivery system for dispensing a flowable substance,

~ comprising?ta SotiteaRrvaisrgerehtiredisiatiesseipstahdeinte weneaethe
havingeflndo tnin , a valve {assembﬁ/ coupled to the o '?#r‘]éiﬂn}\?ﬁ()f the
S 8B, Shidl Vafv SESEIS TR ERTCHNG {1 8R e tote R ghomnlet
ORI JPE RGBSR EIQMABIE fuRstanse into a passageway and at

least one port opening from the passageway, (ii) a hollow flexible

membranehavingélisstvend asehdiseseasiong, sehr st eashbsingthickee
than the second end, wherein the hollow flexible membrane is fitted over
hyptvesmgeros defiicsi ofsthiehiratiepermrgzagdn size from about 300,000 daltons to about

7,000,000 daltons.

22. A one-way valve assembly and delivery system of claim 20, wherein the
hyaluronan or derivatives of hyaluronan range in size from about 1.4 million daltons to about
2.0 million daltons.

23. A one-way valve assembly and delivery system of claim 20, wherein the
hyaluronan or derivatives of hyaluronan range in size from about 2 million daltons to about
15 million daltons.

24, A one-way valve a;ssembly and delivery system of claim 20, wherein the
hyaluronan or derivatives of hyaluronan range in size from about 10 million daltons to about
15 million daltons.

25. A one-way valve assembly and delivery system of claim 20, wherein the
hyaluronan or derivatives of hyaluronan range in size from about 10 million daltons to about

25 million daltons.
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WO 2007/056233PCT/US2006/043113 when the flowable substance is

placed under pressure the flowable substance exits through the at least MCSLLP
one port opening and expands said membrane outwardly from said outer

UPrAE/ B3 inner core; a cover enclosing the flexiBI&r/us2006/043113
membrane and having an outlet orifice for dispensing the flowable

substance g0 the ValVe,AISERRINVRG ARG WSS ARRISH 13 Hferein the

flowable substance and wheérein when thé pressure on the

hylnwaitecs dbstanes is releasedh thepfusihenchpddhediadlew. flexible
membrane moves back into tightly fitting contact with the outer surface of

the inner céfe hefsravakiaaleprrinoéhyofthdehivtiovwylexibiédaaniior arterein the
moves back into tightly fitting contact with the outer surface of said inner

hygprnag g derrvativgipk sl oBaa s S5 HHIR ARARHID pri%éervative free eye

care or na%[ (igl(r)% Jgroduci com QB}”%}I hggfuronan or d?ri atives o

f
way valve ass 1very system of claim 2 erein the
hyaluronan and one or more demulCents. T YA AR GG

~ hysealing epeaYalvesssembi RS ERINERY S ERIRL Rt dispensing a
flowable substance, comprising: a source for storage of the flowable

substance 2theAsaureeshealirgaemope nidgie Avwahg sassemipiccrpleedn the
the opening of the source, said valve assembly including
wherein the source is filled with a preservative free eye care product comprising: hyaluronan
or derivatives of hyaluronan, one or more demulcents and a product selected from one or
more of the following: timolol 0.25%/0.50%, brimonidine tartrate 0.1%, bimatoprost 0.03%
and travaprost 0.004%.

30. A one-way valve assembly and delivery system of claim 20, wherein the
wherein the source is filled with a preservative free eye care product comprising: hyaluronan
or derivatives of hyaluronan, one or more demulcents and a product selected from one or
more of the following: oloéatadine HCL 0.1% and prednisolone acetate 1%.

31. A one-way valve assembly and delivery system of claim 20, wherein the
wherein the source is filled with a preservative free eye care product comprising: hyaluronan
or derivatives of hyaluronan, one or more demulcents and a product selected from one or
more of the following: ketorolac 0.5% and diclofenac 0.1%.

32. A one-way valve assembly and delivery system of claim 20, wherein the
demulcent is selected from one ore more of the following: cellulose derivatives, dextrans,
gelatin, polyols, polyvinyl alcohols and povidone.

33. A one-way valve assembly and delivery system of claim 1, wherein the
source is filled with a preservative free nasal care product comprising: hyaluronan or

derivatives of hyaluronan and one or more demulcents.

38



(i) an inner core having an inlet opening for receiving the flowable

substance into a passageway and at least one port opening from the MCSLLP
passageway, (ii) a hollow flexible membrane having a first end and a
SER3MI/d3%he first end being thicker than the second end, VHePEA 3113

hollow flexible membrane is fitted over an outer surface of the inner core

and when4he flowahle, suastaneeis.plpsed Lpdpidfessiuente avweihlte
WO 2007/056233PCT/US2006/0431 substance exits through the at least

hy MReRakeRannganthexpands aajd membiianebutniatahylfirondSaic autbrut
surface of said inner core; a cover enclosing the flexible
2.0méliiisrdeltorend having an outlet orifice for dispensing the flowable

substance _from the valve assembly when pressure is applied to the .
flowable sth<tHea angelve aSSG%H’e%%W&SW ﬁ){%teﬁ?@ §E%J&§R’tﬁ erein the

ndiSuuable sbstance jayeleased. the. et enebof e UM KRS o about 2
membrane moves back into |g|t1€f?ﬁlttlng contact with the outer surface of
milfl ipnenLsore before the remainder of the hollow flexible membrane
moves back into tightly fitting contact with the outer surface of said inner
core, and 36, whereiaythawoussealy filtddidlitbragysese nfathmm figevbysiodre
or nasal care product comprising: hyaluronan or derivatives of hyaluronan
hyzimesmeofatiom tarhinebmaanonge defge gy she Komifigdgitons to about

15 million daltons,

37. A one-way valve assembly and delivery system of claim 33, wherein the
hyaluronan or derivatives of hyaluronan range in size from about 10 million daltoné to about
25 million daltons.

38. A one-way valve assembly and delivery system of claim 33, wherein the
hyaluronan or derivatives of hyaluronan are present at about 0.05-0.5%.

| 39. A one-way valve assembly and delivery system of claim 33, wherein the
hyaluronan or dérivatives of hyaluronan are present at about 0.15-3%.

40. A one-way valve assembly and delivery system of claim 33, wherein the
hyaluronan or derivatives of hyaluronan are present at about 0.15-0.5%.

41. A one-way valve assembly and delivery system of claim 33, wherein the
hyaluronan or derivatives of hyaluronan are obtained from biofermentation.

42. A one-way valve assembly and delivery system of claim 33, wherein the
wherein the source is filled with a preservative free eye care product comprising: hyaluronan
or derivatives of hyaluronan, one or more demulcents and a product selected from one or
more of the following: timolol 0.25%/0.50%, brimonidine tartrate 0.1%, bimatoprost 0.03%

and travaprost 0.004%.
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a source for storage of the flovvable substance, the source having an

opening; a valve assembly coupled to the opening of the source, said

valve assembly including (i) an inner core having an inlet opening for

MEOeIAGStass flowable substance into a passageway and at leastoneopostiis

opening from the passageway, (ii) a hollow flexible membrane having a

firstend a second end, the first en ing thicker than.the second

end, Wherg?h SRottEw Hexib émr@eymaggacggnfg%{iﬁ}és glvoeggi%’% fer SRt
wheldhennRr e smndnhgn e flawahie sybsianGs ds.PRcesi MRBS aluronan

pressure the flowabie substance exits through the at least one por

or 6pBRiNg Tl pands Gridrmem deantcoubuadd yriam: said eurssurase of
said inner core; WO 2007/056233PCT/US2006/043113 a cover

mogned deeriglivrefie viohetalérn bIGh € Ardhrbpiedpiapl angthetiotifitié.for
dispensing, the flowable substance from the valve assembly when

pressure i& appBH YN TRAEBR R apd detivernmgptem of clajp deimhimisrhe

he pressure on flowable substance is released, the first end ftlinte
T R i COR At e

or @esRETBOR alihadNpe! SamRLeiaraiibasamaindanaling betrw figxiple

membrane moves back into tightly fitting contact with the outer surface of
mogsaid innérlosieg:&atbrolac 0.5%hetdinldfiesoures is filled with a preservative

free eye care or nasal care product comprising: hyaluronan or derivatives

of hyaluroﬁén‘f\ one-way valve assembly and delivery system of claim 33, wherein the
--demulcent is selected from one or more of the followiﬁg: céllulose derivatives, dextrans,
gelatin, polyols, polyviny! alcohols, polysorbate 80 and povidone.

46. A continuously sealing one way valve assembly and delivery system as
set forth in claim 1, wherein the continuously sealing one way valve assembly and delivery
system can dispense multiple doses of preservative-free product.

47. A continuously sealing one way valve assembly and delivery system for
dispensing a flowable substance, comprising:

a source for.storage of the flowable substance, the source having an opening;

a valve assembly coupled to the opening of the source, said valve assembly

including

(i) an inner core having an inlet opening for receiving the flowable
substance into a passageway and at least one port opening from the
passageway,

(ii) a hollow flexible membrane having a first end and a second end,

the first end being thicker than the second end, wherein the hollow

flexible membrane is fitted over an outer surface of the inner core and
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50.A continuously sealing one way valve assembly and delivery system
for dispensing a flowable substance, comprising: a source for storage of
the flowable substance, the source having an opening; a valve assembly
M pIEU%RS e opening of the source, said valve assembly inefA§04§)0dd 13
inner core having an inlet opening for receiving the flowable substance
into a passageway and a4 \east.one. port, opsing fram (he passageway,
(ii) a hollow flexible membrane having a firdt end and & secon end, the
first end being thicker thanthenseeand.enthwhersibrtbs-Ralomdlexibles said
membrane is fitted over an outer surface of the inner core and when the
flowable substangerplacetwnde tpressidresthestdwablagd bstancesexits
through the at least one port opening and expands said membrane
outwardly frepyssaierlosing theiffecblomsaibring apdbreing an outle) exifjes for
.enclosing the flexible membrane and having an outlet orifice for
dlﬂ%%‘ifé‘?%ﬁ%g%%aﬁ&ﬁ&?ﬂ'@‘ﬁﬁ Bfgfﬁﬁ&“‘e"ﬁg FPEEPR VPSR ST (f/ARRjicd to the
f rgﬁﬁ%{%sﬁn%%ﬂ dto the flowable subst_ance and _ wherein when
the pressure on the flowable substance is released, the first end of the
hollow flexipigrBnefm¥aine preves hask e Hahihe{itiogisetagiivith #38 end
outer surface of the inner core before the remainder of the hollow flexible
ofrihe intitewm dlexibleas dpaiakninto tigpibe Kittitngighthyfuting ttothetovite tisunisc ewface
said inner core, wherein at least one of said inner core, hollow

offfasipnerreimbriere ey v cbhpheberficainkmerdmcmates apdnito

tightly fitting contact with the outer surface of said inner core, and

MCSLLP

wherein the source is filled with a preservative free eye care or nasal care
product comprising: hyaluronan or derivatives of hyaluronan and one or more demulcents.
- 48. A continuously sealing one way valve assembly and delivery system for
dispensing a flowable substance, comprising: |
a source for storage of the flowable substance, the source having an opening;
avalve assembly coupled to the opening of the source, said valve assembly
including
(1) an inner core having an inlet opening for receiving the flowable
substaﬁce into a passageway and at least one port opening from the
passageway,
(ii) a hollow flexible membrane having a first end and a second end,
the first end being thicker than the second end, wherein the hollow
flexible membrane is fitted over an outer surface of the inner core and

when the flowable substance is placed under pressure the flowable
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MCSLLP wherein the source is filled with a preservative free eye
care or nasal care product comprising: hyaluronan or derivatives of
. MCSLLP
hyaluronan. 51. A one-way valve assembly and delivery system of
VAP HW¢Aerein said antimicrobial material is selected fronromassfesilvwesiis
ions contained within a ceramic carrier and sustained-release ionic silver

compounds. itk A SORIRNAUEYSRalng one BN Asembly

and delivery system for dispensi owable substante, comprising: a

source for storaggafihg.lawakle, S ANCEuth e SRYEG? NAVIRGAlbre;
opening; a valve assembly coupled to the opening of the source, said

valve assembheiratiiging th¢)fRritinerocorenkavihipaingdnletope ntitgddor

receiving the flowable substance into a passageway and at least one port
di@ﬁéﬂﬂﬁ?ﬁ&ﬁ%ﬁ’fé‘?ﬁa@ﬁ%\ﬁa’% theiy &l Horfeemhaxien e pabrais erndiothig e
a firs, £n and a s%cond end, the first end being thicker than the second

Bri ,eveﬁesr%?ﬁetﬁ% hollow flexible membrane is fitted over an outer surface

of the inney, care.and ywhep e foyuab k@%@%@&&%@'&@&%ﬂﬁé first end

pressure the flowable substance exits through the at least one port

of BREINGANE BXDRABE S5 ch BTSRRI OUEMEY Gl fornsRIdQUteE Suttass @ke

said inner core; a cover enclosing the flexible membrane and
ofiavimeprarr e irotificerfomdis pétisihgltine floviableesiinstance dy back igo
valve assembly when pressure is applied to the flowable substance and
tightly fitting contact with the outer surface of said inner core, and
wherein the source is filled with a preservative free eye care or nasal care
product comprising: hyaluronan or derivatives of hyaluronan and one or more demulcents.
49. A delivery systein comprising:
a source for storage of the flowable substance, the source having an opening;
a valve assembly coupled to the opening of the source, said valve assembly
including
(i) an inner core having an inlet opening for receiving the flowable
substance into a passageway and at least one port opening from the
passageway,
(ii) a hollow flexible membrane having a first end and a second end,
the first end being thicker than the second end, wherein the hollow
flexible membrane is fitted ovér an outer surface of the inner core and
when the flowable substance is placed under pressure the flowable

substance exits through the at least one port opening and expands said

membrane outwardly from said outer surface of said inner core;
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MCSLLP wherein when the pressure on the flowable substance is
released, the first end of the hollow flexible membrane moves back into
tightly fitting contact with the outer surface of the inner core before the
reamdersaeiithe hollow flexible membrane moves back into tightiysittisigd3113
contact with the outer surface of said inner core, and wherein at
least one of said hollow flta%(i e membrane and cover comgt%ses.

chelosing T Hable membitns nd ek an obust ariles fit

hydrophobfécfﬁlg enalan
diREEWAIRAS ALRARBLEAIS AU, AOMRLISING, RyalyR0an o detivatyss
of hyaluronan. 53. A one-way valve assembly and delivery system
flodariruiatanedaikin said hydrophobic material is selected from one of
positively charged material, low friction material, high surface tension
material, oraegipehimghmemssiak on the flowablasubrteneays velkrecdsterfihend
and deIiV(;trﬁ; system of claim 52, wherein said wherein said low friction

ol pdlsmombrane nagy e bk imips Ay SRS SARENSH B HeIRALTysurface
oKt rocfo%ﬁjgd@o%e% O mgndh eI é&i%&%‘?&%féa&é%ﬁ{f% XSSO ko
e 1s.

nasal care product urther comprises one or more muicen
tightly fitting contact with the outer surface of said inner core, and

MCSLLP

wherein the source is filled with a preservative free eye care or nasal care

product comprising: hyaluronan or derivatives of hyaluronan.
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50. A continuously sealing one way valve assembly and delivery system for
dispensing a flowable substance, comprising:

a source for storage of the flowable substance, the source having an opening;

a valve assembly coupled to the opening of the source, said valve assembly

including

(i) an inner core having an inlet opening for receiving the flowable
substance into a passageway and at least one port opening from the
passageway,

(ii) a hollow flexible membrane having a first end and a second end, the
first end being thicker than the second end, wherein the hollow flexible
membrane is fitted over an outer surface of the inner core and when the
flowable substance is placed under pressure the flowable substance exits
through the at least one port opening and expands said membrane
outwardly from said outer surface of said inner core;

a cover enclosing the flexible membrane and having an outlet orifice for
dispensing the flowable substance from the valve assembly when pressure is applied to the
flowable substance and

wherein when the pressure on the flowable substance is released, the first end of
the hollow flexible membrane moves back into tightly fitting contact with the outer surface of
the inner core before the remainder of the hollow flexible membrane moves back into tightly
fitting contact with the outer surface of said inner core,

Wheréin at least one of said inner core, hollow flexible membrane and cover

comprises an antimicrobial material and
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wherein the source is filled with a preservative free eye care or nasal care product
comprising: hyaluronan or derivatives of hyaluronan.

51. A one-way valve assembly and delivery system of claim 50, wherein said
antimicrobial material is selected from one of silver ions contained within a ceramic carrier and
sustained-release ionic silver compounds.

52. A continuously sealing one way valve assembly and delivefy system for
dispensing a flowable substance, comprising:

a source for storage of the flowable substance, the source having an opening;

a valve assembly coupled to the opening of the source, said valve assembly

including

(i) an inner core having an inlet opening for receiving the flowable
substance into a passageway and at least one port opening from the
passageway,

(ii) a hollow flexible membrane having a first end and a second end, the
first end being thicker than the second end, wherein the hollow flexible
membrane is fitted over an outer surface of the inner core and when the
flowable substance is placed under pressure the flowable substance exits
through the at least one port opening and expands said membrane
outwardly from said outer surface of said inner core;

a cover enclosing the flexible membrane and having an outlet orifice for
dispensing the flowable substance from the valve assembly when pressure is applied to the

flowable substance and
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wherein when the pressure on the flowable substance is released, the first end of
the hollow flexible membrane moves back into tightly fitting contact with the outer surface of
the inner core before the remainder of the hollow flexible membrane moves back into tightly
fitting contact with the outer surface of said inner core, and

wherein at least one of said hollow flexible membrane and cover comprises a
hydrophobic material and wherein the source is filled with a preservative free eye care or nasal
care product comprising: hyaluronan or derivatives of hyaluronan.

53. A one-way valve assembly and delivery system of claim 52, wherein said
hydrophobic material is selected from one of positively charged material, low friction material,
high surface tension material, or anti-wetting material.

54. A one-way valve assembly and delivery system of claim 52, wherein said
wherein said low friction material is Teflon.

55. A one-way valve assembly and delivery system of claims 50 or 52,
wherein said preservative free eye care or nasal care product further comprises one or more

demulcents.
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