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DELI VERY SYSTEM FOR DI SPENSI NG METERED VOLUMES OF PURE OR STERI LE FLOWMABLE
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61/ 458, 065, filed on 17 Novenmber 2010, and 61/341,889, filed on 06 April
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ref erence. TECHNI CAL FI ELD: The present invention is directed to a delivery
system for dispensing a fl owabl e substance, and in particular to a handhel d
delivery systemfor the netered dispensing of pure or sterile flowable
subst ancesDELIMERY SYISTEM IFOR 01SEENSINGIMETEREDYORUMES OFcRPURE ORpl e dose

preparations, including S8TERIPE IOWABLELSUBSTANEE®Er and a continuously
seal ing one way val ve assenbly. BACKGROUND THE | NVENTI ON: Conventi onal |y,

in order to maintain a fl owabl e substance free of contani nants,

preser ' > substance. However, the use
of pr%séﬁiggﬁEgﬁgilpgggggagﬁr‘ixﬁéh{aﬁ%y ny users and can often limt
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parti (th'é aistipsuvae df Whtchf AraWrbtisy ﬁ!ﬂ?ﬁk@ﬂfcﬁaﬂe& rférémwraf‘e@éﬁdecal such as, for
exanpl e, an eye care solutlon an’intranasal drug or noisturizer, a

cosnetic treatnment or a skin treatnent product. Nonetheless, this type of
produciedisNicAst Fipn formul ated with preservatives. O course the flowable
substance may al so be, for exanple, a foodstuff, beverage, nutraceutical or
cosneddetaresant grveatien is diracterd todelivesy eysj@nécadis;yensmgm Maweklewi t h

Pr eserygliHes an'aﬁn pﬁpQﬁ%?% g?\amﬁgldac%‘ﬂvéw s?sééﬁ or lfﬁ]ep?‘?%te rafch preservatives

can have avdrie ects or exanple, the well
known dispeseing af | pue treatenjie I(Iowabha mjﬁstamde thatiis 8ditablenfor dispeasingeen used in a

wi de f euti cal ' [ .and 1940s, and
s cutretena Sk TR segTer e TR R e o B RERr RSB BRB T (o exhi b1t
"very cbagmbef amdatcohtinuatistyysemlicg tone wayodiivad assenddly.i nf | ammat ory nedi ators. "

Fechtner, Robert D., Asbell, Penny A and Kahook, Malik Y., Ccular Surface
Di sease in the Presence of d auconma, Supplenent to d aucorma Today and

AdvanBAC KGROUNDIHE IMNMEONMar ch 2011 at 6. In fact, "preservatives are

the n er one-cause, of. wor.seni n se se nd OSD as well as. of

o pa R PP B R to I & Hoeble SUBstanRE BRE & ROPERTGAEn  doser i bi ng

EAK Ggsplr%steevmgi ha@émséh pAGSE to/ ki flodvable QJHstdhiJemwov%@p,athatuSerw, Dr. Herbert
u not e

n denonstrated that this chemcal, while
moder R{EIVANES E‘%’ld% tabe d%trémﬁ{“@ﬁﬁ/m?&(PEGFF@WFH@"L‘%‘ERG!W ﬁl? conj unctiva as
vel | asfettveRasabf e flovablRilibstae. Gwitltithe did #R6lgHrepebidd @éfhegg the
Preservatlve Par adox, Opt hal nol ogy Managenent, August 2006, 47-52, at 47.

" \When 3@ PYRN el todn Barmiulgas fhey #eabspibed; tb@t@heoner%rqn%rﬁwff RRfisnt&d,

serioyp uEér%SM@c&ﬁTﬁG%bF&%sb%ﬁﬁcéseB%ht@t@ paHQrulaTmNﬁ’éMh%'fﬁmm on to
descri be how | ong term use of eyé drops wth has been shown to cause,

i nt er sHbstanceigtapharmacauiirakgeeh aﬁaff’hwafﬂﬂiﬁa@‘éewcéﬁﬁ sqigliqna@ncel | s,
I nf | anyRiaen 0§ of HIRGGZE?, & REshBidFatnidit of'h skifi tRfatment product.

Nonetheless, this type of product is most often formulated with preservatives. Of
course the flowable substance may also be, for example, a foodstuff, beverage,
nutraceutical or cosmeceutical product, all of which are generally formulated with
preservatives. As is becoming more and more well known, such preservatives can
have a variety of long standing harmful effects. For example, the well known
preservative benzylkonium chloride, or BAK, which has been used in a wide variety

of pharmaceutical preparations since the 1930s and 1940s, and is currently used in
-1-



What is yet to be studied is the cunulative effect on m ddl e age and
el derly persons of using multiple preparations, each containing various and

sundry prweenuaisises, over years and even decades. |t nmepyTaseyi1eles be t hat
the cunul ative negative effects of the preservatives, on bal ance, outwei ghs
any beneficial effect of the pharnmaceuticals and other flowable substances

bei ng n‘d:ﬁ%i'o@eﬂ@ab&gﬁ§ HtapAitRs| h@?né?é’urt% @Qﬁlﬁ&' \%Ty 'sl'gfrﬁfﬁ:% nﬂto&ﬁﬁl} 2hBgher

delivery of a flowable substance is the abi

elrvery stemto
del i véroducien eétnéammﬁiemmwa@w [ Bm’niner. &?b@ftzﬁ/}césbejl |l?@nnyrﬁe&m€
dest i najHogk Méﬁwufo&ﬁé}ssﬂﬁa %Qﬁ thé’(dr@@em.se%f GRiticdonss, for exarm' e,

when applying an éye care so ut| irect Into the eye W't hout
i nt rocﬁmplﬁg\emyo Siaicamanbedayrand Ad\t&r@eﬂmularfqiaml &Wummfahamhabe been

gsteldetsowﬁ?{& %r evgat{\’%g\géé;{hew&oﬁefo t hgofg}gg%rﬁﬁ’%&yt%gaq %l%gm?\aégl 2sserrbl y

subst @ndeOSBiasmeliras ofipenpetaatiregsptiEmtsi pai, syindroree.anil &t 5.t Similaalyvie type

conj uRBETNG PR a5 Thredselo e sPhali PLomute Beellalrb 0P (0 i

I S curHebe eGboldmuted ‘é[l}tthusawelhbleassanbrhsirata ttmttfuabhernmismﬂ)lbl es require
squeezin servoir Q owabl.e substance in o spense the

F owadnakealpbibariarcidg) dn niamElSiEg e roheR anereliena e LBy s oung - -
or dt hﬁhaﬂ@llrmmdué merpB&n&el |G@??flﬂérbréh}l.sl MB| Swivihglthe Pyeservatide sabl ed I

i ndi vi dual,s re an effective tooerate val ve
asserrﬂ%faﬁ?l’ﬂ %&g %ﬂytMQP@F%@%APS@&@%V&??QS%‘?@mﬁ%? Qfésrl ng or

di Spe%ht%l@mﬁas srreséﬁv%hvé are ﬁé@.&ﬁmy%bbh(éﬁ fsersud hﬁmtdma?gdoﬁé%@@ﬁ is highly
desirabl e urther, such a delivery system should be capabl e of being

manuf depertedd &t oFrshatdislel goesian '(°|quPQ%BP‘HdPQ%@’@déSFSOf@WeéEﬂRﬁ)W B8Rt parts and
(i) %A@%@Se%m&mtooéad&bgmt&pﬁ@dﬁﬁsm@érﬂﬂn@e% fh!é/o&am eeh itself is

al so requi red regul ators is needed in the art is a
del i v@yh@%@@m mlammtm@amamme fecthe cemned s’ﬁe%ﬂnéz and mai nt enance of

g;ﬁ:e:\fi\?ﬁn%t' |§é getftf)%% Jtuc?lé‘@lig ﬁe%ﬁﬂlﬁ%@ﬁe‘cf‘gﬁnﬂbﬂl @%‘3 dIgEMPhersbhi@t at the

event contam natl on_ I nt or di spensi ng syst em
t hat Musmolwﬂtnnlh@rmMesam b@daanr@b!aews@ndtswedp'rwrétselaatlveSSUMVARY OF

THE | ngl\%ags\'aﬁy%g@ﬁrﬁe;%est h?mgﬁl\)er\yv¥ll BE t@t?@@@ﬁ%ﬂ&tl% n@g%tlnﬂewabl e

subst ance’ 1 ne ing, tTor exanpte, ’a one way di spen , are
pr esereffedts @ﬂtﬂwpreyeWatmescan hajaricez eutsvejghsygny b}‘:‘ndﬁr:lghefiecéfof theti ve one way

di / thin the fl

pac . eheftiaceliitSe 306 ey Bl i ¥ects Rd LR REBr et £ "y 1 P cent
invention, a purel or sterile flowable substance can, for exanple, be
preserva&}é/re fr. nd.t eliver ?t em ent an b (EIK | ow of

cont afft §°Pﬂ$%raﬁﬂ%"§@\? ﬁ%p%\‘s"'t c*lq R (] @m ﬁlé%s eﬁ? g uch a

deli V%ibihttysdﬁé; @énvems@eém\wlaem&ra @Iédt@d\abdoensomzlamatﬂelsubstanw to ;tsiose and
reservative-free n_exe i ments resen
anent‘ntﬁﬂde ‘iiFeSt'B@p? wﬂﬁ%‘f&’éw\g@g& qaqﬁ%q ?b'?e Y Fa%ag’\mk’/‘& assenbl y
encl osgéntppfyiky & eyé eard mtﬁﬁﬁdﬂécﬂridt@m&é@ witasitonesduzingeady ane for

effecting the passage of the fl owabl e substance to a controllable outlet,
whi | ecﬁf‘%\%?ﬁ 9%y any backflow to the source of the flowabl e substance after
di spensi ng individual portions or doses of the flowable substance. In
exenpl ary enbodi nents of the present inventi on t he tlfgs and ot her portions

of t hdn e passrilexibje membranephayabren usaskiontrel thedlow plesuchaiowakle dal , or
bot h. ¢\ BstaX&™R £UNivd assembly outlet while preventing any backflow to the source of

the flowable substance. However, such valves (such as, for example, the valve type
described in U.S. Pat. No. RE 34,243) involve the use of O-rings in conjunction with a
uniformly thick flexible membrane to effect a seal. This is cumbersome to
manufacture and assemble. Other valve assemblies require squeezing a reservoir of
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It is noted that the term"pure" as used herein is understood to include
any aseptic substance. -3- enbodinents of the present invention, the valve
assenbl y wenoiifrsseexanpl e, work in conjunction with a pweh/usestiomeet er ed
di spensi ng punp to dispense individual portions or doses of the flowable
substance. I n exenplary enbodi nents of the present invention, the seal ed

del i v STonsbkSSBRARE iPORIPHS olsBEnddHeARueble BibLARRS! Slch LpiRbafgnant s, such

as, for exar%l e, mcrobes, including, for exanple, bacteria, yeasts, nolds,
f ungi ,castke ditfipyitfor tFesesty ypHOm -Opr theEvenraly N@s Vielkas for pbysicallyngi t udi nal

Cross c?l%ﬁérﬂg%'aadrd@a%%oqﬁdﬁﬁt%ﬁ?gp! ary enbodi nent of the present invention,

noti ng basi'c subsystens,; Is a longitudinal cross sectional view of
Fig. 1 showing further details; Fig. 3 is an enlarged partial axially

! . : . ; NP
how gt BaREEbaAI edbRl A 38 & Pl laNeRaseB A8 et ony ¢ e
l'i ne /Achuatéd metdringrdetivenysyateyn ltbrsjeémingg:_)rmisnemmg idre@estediu}:)r essi b![ e

. e rese .lnventi on,
2hown Aied TG i s RSEReR gl SadiRBle, Tt SUBT SN o ol ong
t Ee | isuyetelEh ﬁro(ugcfs besapable pf béieg Sﬂ%r&?fi_aaomdi ?mnamiddllgebyb(-i)arteiduciﬁggh? 4%:_ thr Zugh
t r IS nsi U n I,nger ressi e ac alor o 1 g.
shgmg)é‘\%fg{%kpqtcﬁ@pﬁﬂgﬁq s?qr@ @E?'ﬁ’ﬂ'@%ﬂﬁg%%‘? rb_sp%ec, §Ut8””|ag‘?f§gi t udi nal gcr 0SS
sect i preductioewisibioitseldistdisd Rgairad by assgiegulatdrh an exenpl ary encl osi ng

housing; Fig. 7a is a locally viewed enlarged partial |ongitudinal
sectional detailed view through an exenplary nipple feature according to an

exenplTiug, WaslheBddd iafthé Bft iP befefitéryl SY¥RM bAP method for the metered
dispensing and maintenance of preservative-free flowable substances in a multi-dose
format, that at the same time can prevent contamination in the delivery or dispensing
system, that can solve the above-described problems of the prior art.

SUMMARY OF THE INVENTION

Systems for the delivery or dispensing of a flowable substance, including, for
example, a one way dispensing valve, are presented. Such systems can utilize any
type of highly effective one way dispensing valve and/or a contaminant limiting
material within the flow path to the dispensing orifice. In exemplary embodiments of
the present invention, a pure’ or sterile flowable substance can, for example, be
preservative-free and the delivery system can prevent any backflow of contaminants
into the source of the flowable substance. Thus, such a delivery system can deliver
such a flowable substance in a multi-dose and preservative-free format. In
exemplary embodiments of the present invention, the delivery system can include, for
example, a valve assembly enclosed by a pressure displaceable flexible elastomeric
membrane for effecting the passage of the flowable substance to a controllable
outlet, while preventing any backflow to the source of the flowable substance after
dispensing individual portions or doses of the flowable substance. In exemplary
embodiments of the present invention, the tip and other portions of the delivery
system can be made to be bacteriostatic, bactericidal, or both. In exemplary

' Itis noted that the term “pure” as used herein is understood to include any aseptic substance.
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Fig. 7b is a locally viewed partial external isonmetric detailed view of the
ni pple feature detail of Fig. 7a; Fig. 7c is a locally viewed parti al

ext ernal weauetmnswmodet ail ed view the tip of a conti nuoustcy/seahiongspne way
di spensi ng val ve assenbly w thout any nipple feature; Fig. 8ais an axially
extending view of a continuously sealing one way di spensing val ve assenbly

havi NG rRbbdimbRRAA thd ?l‘&énﬁﬁ(/@ntﬁ:tn f&%alxﬁ&sﬁeﬁswcm f8ReLarRHIB! @bk igTbodi ment

of the present invention I's a longitudinal cross-sectional view of
a contJoRiUnGEer WHl Al Rush M@n\mqtetﬁdscﬂjmsr@ RMR &o dispenss mdwsduahg a truncat ed

i nner FH}] ?ﬁﬁné e present

i nventqbg{]&s?rgosgé of@%grdwodr% %ﬁbl na cl%xgﬁléggﬁ% Wn?g@g srggre{ {rr{éc vi ew of the
val ve presant inveatiomree Sealagtd@hmrysysstaymammrevhm theingressofsany passibleng one way
di spe e y f spacer ribs
extengﬁ h{g}g?lﬁg\/\rgrg uac érheé(% vtnﬁF %/gﬁ'gr()%g?alﬁ glygmahwggg&ﬁ trbgtg{eegétorr\eri c layer
accor gieasgtst mokis, ﬁmgrmltcary enbodi nent of the present invention; Fig. 9 is an
exenpl ary view of the continuously sealing one way di spensing val ve

assenbly of Fig. 8b shown with the valve in dispensing position; Fig. 10 is
an ex BRIERrDESCRIPTION OF THEDRAMWINGS seal i ng one way di spensing val ve

asse rrerlc nmepbrane t hat becqnes . p ressively

i ckaide SPnghidng Bréss EciaRa e B ot PREPHED BEEeDt ot fe ¢ hough

vari oysesenemveation, poling basitisgusyiterdgs in a one way di spensing val ve
assenbly according to various alternative exenplary enbodi nents of the
present invention; Fig. 11d is a longitudinal partial cross sectional view

t hr ougig.a2 i@raelow%mdm RASES! Se@ ¥Rl RvASEEIGDY ¥hawreIfdithér ddlaid exenpl ary
enmbodi ment of the present invention show ng another alternative port(s)

configurations; Fig. 1lle is a longitudinal partial cross sectional

per sped.i v a\ﬁ'é?ﬂ‘érb@& Qaetlal ﬁxﬁn)ee)ﬂ%ﬁd@dl Eﬁgg%b%ﬁ()é?b%ﬁl %ﬁ@?@hb’ (dtaghown in

Fig. 1l1la accord to an exenplary e I ment the pres I nvention
showi Rgrtiearaf &igs 25& ng,pdditional details;

Fig. 4 is a cross-sectional view along the line A-A through an exemplary dispensing
pump and finger depressible actuator according to an exemplary embodiment of the
present invention, shown in its static or home state;

Fig. § is a cross-sectional view along the line B-B (essentially the same location as
line A-Ain Fig. 4) through the exemplary dispensing pump and finger depressible
actuator of Fig. 4 shown with the pump in its actuated state;

Fig. 6 is a longitudinal cross sectional view showing the overall assembly with an
exemplary enclosing housing;

Fig. 7ais a locally viewed enlarged partial longitudinal sectional detailed view
through an exemplary nipple feature according to an exemplary embodiment of the
present invention;

Fig. 7b is a locally viewed partial external isometric detailed view of the nipple feature
detail of Fig. 7a;



Figs. 12a - 12b are exenplary views of the continuously sealing one way

di spensi ng val ve assenbly of Figs. 9 and 10 shown with alternative types of
vent openwogeittredeaci | itate novenent of the el astoneri cpoendse@n®nossi gs.
13a-13b are exenplary views of the continuously sealing one way di spensing
val ve assenbly of Fig. 12a with alternative nipple and outlet orifice
feature details (valve assenbly shown in dispensing orientation); Figs.
13c-13d are exenplary views of variant outlet orifices used to achieve

spr ay Fi@sTc Brflogalypdewed partigi sxtrenal ispmatiigdetajied viewdhe direfl ary vi ew of a
vari a I LD ; -ﬁg&g' SR @ﬁﬁ@gf I .he val ve
tip; i8ﬁﬁf§§“%%ﬂﬁﬁggﬁgﬁggzﬁﬁgﬁgﬁ/o I%ﬁg exeA%9§P§ sy té@?gggggg'y of Figs.
1-3; Fig. 14b depicts an exterior view of the exenplary system of Figs.

1-3; H:Qg. Lct - : b i - into fully

asse m@? 'gdsqslégaé‘;i%@énl@l %é%&rlﬁg'gwpé%%a'ﬁn%aé@%} gée%lﬁg?% & n&ﬁggpgﬁﬁﬁg exenpl ary

enbodivaivetassemblychaviresamextended innen cbreoah restcdccdriingtocah exerhplgsy 1- 3; Fi g.

16a depjct Lt ernate exenpl ary enbodi ment of the exenplary val ve

asse "§P°c?i'B$@t°3&h? RreﬁFBt.'ni%ntP%’thout a clear space; Fig. 16b depicts the

al ternate exenplary enbodi nent of Fig. 16a without a rigid cover; and Fig.
16a where the val ve

16¢c depict,s. the alternate exenplary enbodi nent of Fig.

core T\ng'c%%@rae'ang@‘ﬁn ic%ﬁsése@rtrlggglo\%%wI%Ea&BQg}qousttsqagng]8p%ava[yhat the U S.

pat entdigpensipgivakatasesmbiy Ifavirigia dluRBatet ihToreddtredl o¥ordingteant ed in col or
' Copi es of this patent or patent

ggglt i %QEHR a}glﬁﬁﬁblg’gr'&?qag?f&f%weggéﬁgg QR ngs will be provided by the U S
Patent O fice upon request and paynent of the necessary fee.
Fig. 8c is a longitudinal cross-sectional isometric view of the valve cover and inner
elastomeric layer of the continuously sealing one way dispensing valve assembly of
Figs. 8a and 8b showing detail of spacer ribs extending inwards from the valve cover
through the inner elastomeric layer according to an exemplary embodiment of the

present invention;

Fig. 9 is an exemplary view of the continuously sealing one way dispensing valve
assembly of Fig. 8b shown with the valve in dispensing position;

Fig. 10 is an exemplary view of the continuously sealing one way dispensing valve
assembly shown with an elastomeric membrane that becomes progressively thicker
distally;

Figs. 11a-11c are axial cross sectional views though various exemplary port
configurations in a one way dispensing valve assembly according to various alternative
exemplary embodiments of the present invention;

Fig. 11d is a longitudinal partial cross sectional view through a one way dispensing
valve assembly according to an exemplary embodiment of the present invention
showing another alternative port(s) configurations;



DETAI LED DESCRI PTI ON OF THE | NVENTI ON I n exenpl ary enbodi nents of the
present invention, a delivery systemis provided for dispensing

speci fi cavbyoneteseed vol unes of pure or sterile flowabl ecsusssancms: whil e
preventing any backfl ow of contam nants into the source of the flowable
substance, thereby elimnating the need for the use of preservatives. In
cont [ 334, 11 Bld 1BhgiRldindl BaHief Eross UEBricHE? BEIABVIEAN LN hbuBH Sl GBBwAIUS al | ow
the di spensing of "nultiple doses fromone device, w tholt contanination and
wi t hoispensingvalie assembly asshownin Fign1 taaecasdingte aplexemptisy i very system a
cont i UMUK |4 A nss?ﬁ I v bly can be provided at

t he distal "ﬁ%ﬁfthé;ngglgm@%n@ys ewd}ﬂ?%ﬁj&h&%ugﬁgﬁ ve a pure or sterile
fl owabl e substance can be pushed, for exanple, by the manual conpression of
a net &1ige 1291 lAb aeempianyiviewsofdhaicepinuausty saafing onaiweay, dispensindet ur ni ng
to a ias. RCAR , ; A pul | a next
net ere R@o 3%@5 f fﬁ'} s"f I O\A/awéﬁ%ﬁ? @Qralté,%;li@%yﬂgggogtvghééﬂ{%&éh a one-way
check facilitate hevementafitherelastomnaricrmgembeaneyoi r. Once pul | ed through the check
val ve into the dispensing punp, the netered volunme of the pure or sterile

f | owaly; | i ol @F‘Qﬁ ve can,
for e?égn%ﬁg?s%%{]%@oévx?éﬁd %(/lé[vﬁ%otgt!'lgcgﬁﬁ%néé f tllQQ&g%W@%g@g reservoir
and upeltveassemblyiafdigi iPaewmith alierpative mippletand, ouletiolifide fehture datails (vaked y

seal i i ' : enbly, (ii) the dispensing punp, (iii)
t he c%g?:%ﬂ@g\l%@éwgrll@B%P\%bgﬁﬂ\gﬁ\%@ﬂg@sr educing reservoir can, for exanple,
all be in sealed contact with each other, collectively conprising a seal ed
f1 ui d Fighiser1id aresxeatrtaryivigwsoft wasiadkoutie plifiegssusad toachigverspray wisty st em
for d%hﬁYﬁBBHﬂk&His@ﬁé@@QSi ng netered volunes of a flowable pure or sterile
subst ance according t0 €xenplary enbodi nents of the present invention is
shown in Figs. 1-3, which are next described. Fig. 1 depicts a

| ongi Fili 1981's 3P Sx8MparY VisMaef & varianbvalya tioweigse dhe elastamertomembrana showi ng

t he obgggéslthgﬁ%ﬁrfpéyawgrﬁ .indicating a sealed fluid conveyi ng pat hway
containing a pare or stefile flowabl e substance 100, according to an
exenpl ary enbodi rent of the present invention. Wile the present invention
i s i nFihdda it an sxaipdad Vter‘f‘éOfa'BPIeiX??‘P{%Y Festamaasseatly ekfigget-3pure or sterile
contents, it is also noted that various exenplary enbodi nents can al so be

used Fig.di4dRiEPidcs BReRIPdr ViRWGRRe ekeMBRTPYYRe@of Fgs. ILeril e flowabl e
solutions as well (the use of the exenplary systemw || sinply prevent any

(addi tional ), cont am nation fromthe_ outside envifo nt). Wth reference to
Fig. ,'9‘?'%8 d&@ﬁ%@?ﬁ"?}?ﬁ@%%ﬁﬁ"ﬂ%ﬁ@%F‘é%@f%‘@iﬁ’s@ﬂyﬁﬁgerﬁwﬁﬂpl e, netered
vol umesbaysembfieg;e or sterile flowabl e substance 100 from a hand- hel d
delivery systemconprising a one way di spensing val ve assenbly 200. As
shown ¢ k9. nd i.n Figs. 2-3 as | | t he ex | ary delivery system
can, T g{rg'§§gﬁﬂ?’e@a‘?%pdaiar?c%Eﬁﬁ@aztaieé(ﬁﬂqgr}ﬁ&%rqﬁ“%@d’?r&%@i%eogl ve 400, vol une
r educinvgnti@sfeomahat depicted ircFigsi ng; housi ng 600 and overcap 700. Wth

reference to Fig. 2, the one way dispensing valve assenbly 200 is shown at
the distal end of the delivery system through which flowabl e substance 100

can bpigqiushe@pleys ah arterddf@tetplaiyeermBodiflentoMRE @%emprarpvarenet er ed vol une
confined vgtgi n dis ?:r_\si&gvﬁurrp 00 whi ch, when returning to a deconpressed
st at e33SEMOlY Fp'EEFQr’rEI - WGP WHioMhAStear $PAC next net ered vol ume of flowabl e
substance 100 t hrough check val ve 400 from vol une reduci ng reservoir 500.

It is_noted that non-manual mechani zed or notorized di spensing punps can,
for ekignlPh depicipthscaligenale expmplasy pmbadiment e g Hawithauy a "@68 into

di spepsididaimp 300, such next netered volume of the flowabl e substance 100
is, for exanple, ready for further dispensing. Check valve 400 can be, for
exanpl e, provided at the distal end of the volune reducing reservoir 500,

as sh [ ' Héé?ﬁ ' I 200,

di speﬁg?r}geSER%%%S,@R%@%%%T@%%W%’ vo@ﬁﬁ@gﬂéglﬁﬁgﬁﬁg@%oi r 500 can,
for egergps eovered bpa single eldstemernmeemer. wi t h each ot her, conprising a seal ed
fluid conveying flowpath 101 to isolate and protect the pure or sterile
substance contained within fromingrgss of external contam nants - such as,
for exanple, mcrobes, including, for exanple, bacteria, yeasts, nolds,
fungi, etc. The conponents conprising the sealed flowath 101 can, for
exanple, be nade with materials which create a barrier to external

contam nation, such as, for exanple, bacteriostatic and/or bactericidal
materi als and coatings, as described below. Additionally, for exanple, the
delivery systemnmaterials and assenbly nmethods can al so be specified to
provi de a barrier against noisture vapor or oxygen penetration. To assure
secure assenbl ed seals preventing any undesirable ingress or inadvertent
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Continuing with reference to Fig. 2, volune reducing reservoir 500 can be,
for exanple, a seal ed conponent which reduces proportionally in size to the
anmount ofwbl0omakbsmosubst ance 100 that is wthdrawn or pecirag26moest

t hereby preventing ingress of external contam nants. Vol une reducing
reservoir 500 can, for exanple, be a collapsible bellows, concertina, tube,
bag, pouch or other type of form designed to dispense practically all of
its contents without creating an internal vacuum Reservoir 500 can be, for
exanplltis neteskibattherU. Shpateatar apnlisatiorafile sqotains atdeass eoerdjas g ev@Cpte@Ivent
uncont; { d f
acci dé’ﬁ]te QFP@PEE ri;bgsﬁleoi‘r3 oﬁeﬁh?ﬂ'& 5%.'@5’5'%%’&?5@5?"" P?‘Bﬁ&ﬂ%@t ed t hat
enc| ogublicdtion svithecob@rawingsawilh bemeowdedTby thevd:® Patent Eféee npen 63Riesb al | ow
anbi e i he space exterior to volume reducing reservoir
500 rgbgﬁ{aﬁﬁ%Hch)tbngtnﬁg&es\la ?eaetl on of product fromthe delivery system Such

vents 602 orgggenlngs allow air to enter between the inner surface of

encl o AELAIREDDRGCRIBTIONI OFMEHEUNVENTIONace of vol une reduci ng reservoir
500, i [ i oy n omable
substgﬁgge@h%%'ﬂgoésn‘%r?\s{sgéﬂﬂg\lptr%%ﬁirﬂgg &?%f ﬁ'k’érx)} &Sfec}n ?’% geéns can be
used tduspaobmg\saed;lfmlIvyeﬂeteted)volmheseﬁpmemrrst&mé fdowablewstibstence$ avhileexanpl e, a

bl to h tub I I
orboaPTRRTIRy pAY hairhed dntathBafisih fie sia v AStaRe St @ngEnmr o be a
1;] or hrremqle?y:bhmlndgng\»tﬁefnee;ddmmeamﬂﬁpra?éroativ,esoﬂn taorﬁt(bi’érsdttwp??]:p@ityrre: hav: ng

| npl st ure n vapor rrier er Xtrude W an | nter na
LDI%E PFY'H?%&“F@@éeWB r}‘lgﬁl‘? very gyst @ﬁgg‘l‘%ﬂ'ﬁ’ e‘f%ﬁ'}s'%‘ﬁf RuliPler or  exanpl e,

be aproses frehedng cfavmdmﬁtabumunta}arrntan@mbaavﬁdh@w;hleeemheé@aﬂtﬁeme to be
di spensed, and thus, can hold, for exanple, 5nml, 10ml, 15nil, etc. vol unes
of flowable substance 100 in various exenplary enbodi nents. Fig. 3 is an

enl ar gegush @V‘é)@‘mélbﬁl dél@@ﬁy éyéte‘?ﬁ %'c)onﬂﬁuéds‘?gﬁs@élm& idhe WaPHigpbiingr eat er

detail. In the exenp nmbodi ment present invention shown in Fig.

3, thdala WS%{PW.C@@ b&mpv'asd atthe @é@! @fdd Pt @@l@@{qﬁv systems Hievgh seeh fi ce 204,
whi chyakew spe oagteﬂre ﬁov&m@s&wahw@aﬁ(@a Edéﬁe%e'?ér'% tﬁéfrﬁmd@r 200.
Thus, one way di spensing val ve assenb 00 can, for 'exa convey

fl omaﬁP@P@E@Daﬂi@énq_@Oe YQJHmeotonfieed withioi m@lSp%@%mQQUWPBWIth}Mhénpr eventing
any b SIS 2} qw@%L b &qgﬂ at may be
cont a?ﬁg{jnllw tofﬁ(% floﬁ Q{]H‘ rsflog;r?dsv Cgll' re uézpﬂg \?/g@a;(ré@o OJC; after a
speci Nextdneterad \wiurpe Oftrm/@qwablgob@t mﬂtenlwubhtasc@émugln gpeeseady Conti nui ng

xamp} e 2V re AP RS O ATRSARBH s ERERC B 1 o

vol unminte mm:smsmsmlmmtheMemdtvdume@gthec;twelorstdrﬂeﬂdw@bleu spensi ng punp

300 bl e h nb 301, dt
it ot ShstifelS feadyor BHARP UpeRsifl DY etk HaR RO Brad B b2 st 26t or
ahs ggprdvndedeqmﬂhe télatal end oFtie \mtwnplredud]digareiteaMrdamﬁnhpsMearr?omePurrp: ng

r or _di spenser verin er.ed vol une,.o articul ar eye
gar e EPE%'%BU'HB g‘nbgr zaé.lﬁid@otheFBPt"gi?é’ﬁgE%a ind ONE Way A '3%6'% %Y%I i te)r/s or
as | a?mnmly g (0) mve@ispientsmgqounhm (RiX et HcK v@W@Caiidr(MttISe oélumeereauemg nt
i nventi on unp

n n r. exa e tQ r|c Punpi n
chambES€ QGT“Eth”g5?mQEgﬁBP§'”Eﬁgéeﬁppﬁﬁféﬂhé?ng ?&H @§§° conchtlga
bel | ovsmpfising BeearaMuicPtdrelyihgRIWpaRS Withid tﬁ@l’dﬁllvéP?%SlsﬂéH"l’Tp' ng charrber 301 is
conpressed, the netered volume contained within it can be, for exanple,
pushed through one way dispensing valve 200 and out to, for exanple, a
pati eph e&émﬁﬁﬂf sﬁﬂ!‘rﬂﬁof GIiveRhg or HBpéﬁﬁn?h?étér‘édWﬁ@é 85§ﬂ9w§bl%t e, punping

chanber s a netered Vol unme of subst ance 100 from vol une

r educP¥§ qrééeéu%wbstgw acsording e exempiangemhedimentsofthginreseMe evacuat ed

nmet er i t di rents of the present
|nven??gﬂﬂﬁgﬁgééwcg$5§g48%’ggﬁ*ﬁ?gyﬂggg%%ﬁ%gebe positioned between punping
chanber 301 and vol unme reducing reservoir 500, causing unidirectional flow
(distally) as punping chanber 301 pulls each netered volunme, via negative
pressure, from vol une reducing reseq%pir 500, and subsequently pushes the
netered volune with positive pressure through one way di spensing val ve
assenbly 200. In particular, a subsequent conpression of punping chanber
301 after an initial netered dosing pushes and di splaces fl owabl e substance
100 remaining in inner core 207 of one way dispensing valve assenbly 200
after the previous dosing out through outlet orifice 204. Thus, inner core
207 is logically an extension of punping chanber 301, and thus all flowable
substance 100 forward (distal) of check valve 400 comruni cates as one
volune mhen pressure |s applled to dlspen5|ng punp 300 Cbntan|ng in thIS
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Septum 507 can, for exanple, create a portal to and seal ed barrier between
the outer environnent and the portion of flowpath 101 within reservoir 500
and proxiwel2otio26iseck val ve 400. To be used as a portal pcyapbamiobid31 can be
pierced, for exanple, with a sharp hollow sterile needle, providing an
aseptic path and means to fill reservoir 500, and then continue to fil

thr 0U%.H%&ﬁ&@%ﬁoﬂg?{u‘d%a‘ﬂgfbss%%m VNPT exdipladidbIde gy val ve
assenbly 200 until the entire fluld.conveylng.flompath 101 "has been filled
wi t h fshewingl tae suerall assemblyo ansépsticating@rsesied Hyid gonyeying:RalhiwaY, sel f-reseal
upon IeRRifhg 8 huRiPsEHE ddWarle Estandd> Rl heltdfoAs A BichfpiggPt um 507 i
this manner Ts comon practice anong fluidic systens use or nedi cal

appl i cmbaogitent|af thexpreseal inventiondiVivbie thegiresérd ipvesdients intenslediton t he sept um
can b : : pagle- : [ overed
w th SrOUSEAbiIg g IR ool ee WS F3tert EoERRPH fs ok nBRMRE

r ef i | Ivarigusaexénoplatyerhbodimentsocan dise beusedtd dispehsemeterad voluardsesf 301 i s

t d i i . il. ti j it f Fig. 3, i
s e aRPue B nbfls A HIE SBlulions BE el hB sk drihd BXSHERRPsser - 3 11
exarrplw&ll sigmlymued\ﬂ a_nya(leddiabﬁai]2 b«yntamérmbuatm tlﬁléhf tsiﬂetematr?mmégtz. Can],c_ for .
exa . er gonom C nti gure an can, or exa e contil gure
Sx2 Pty feieren e R b LBV WE G oA deRBR e tohe e Toreke eI o | W ¢ 1
r ef ter _e:ﬁmgremoﬁirges csf,at paﬁelmtsvér_iléﬂawgglé{srfb@fanﬁéamp:fmm bmaﬁhyfajl@al la)éo
contal n I N n aper re openin nrou encl osi n usiti n .
ot Lo Biven Sy am st pe Waldlspansiia Eve ARehiy 20 28 SHeUeNB! age of

conporgt1(ahd WPs] AL3RORell)3thebketpldgdefverRlyStenf8ar foMExPSIE, Asdassendl y)
and can, for exanple, be caused to nove in a Controlled |inear direction

upon fnfudadippensingrifpe B0Bychack yalvecst Q8 yolumerenycingresanyeir 80P.gnment t r ack
309. RhERERFHoYSIhY: O@Catddacf\%h ¢an, for exanple, as shown in Figs. 15a
and 15b, beTintegrally nolded as a hinged extension of enclosing housing
600. Actuator 302 can, for exanple, provide a 1:1 force upon punping

Cha”bgflig?%reﬁ e @Iafﬂa 5 Qhe %@’Mﬁis&@ns@é{élﬁ?%&ﬁy %o%%ﬁ&ﬁr‘?gh@ég hangi ng

paddl e 303 w't er activation cont ther fromt addl e

f i xat distal endef the delvencsystaror thraughbrwhichl §owablesiubatanae 180\canttege, such as,
for e : r i i or cexanpl e, be
cont | BP R o Sor et e AR et co RUBRLR F AHOR e YR orkEe T 2T e upon
by a wétbin disgensingrpuniel 00 winickl, Mhenfretureirg it B alecponppeéssgdstatatzan, 801 can be

si zed oV t her pcal il iz

el at PeRgRlen Hifialy bl o B8 SRE R e ite s bl subStalde 18 R ot of
f or ce checkwahed4Q0from \oyphe eeducireyresamoir§0c hamnib ewte’Dthat nohiatal vel y push
any given_ vol ume t.a.gjven viscosit f flowabl e substance 100 through
one waPHrPdREt ST mgtrized e spedsingiRpms,sanm, ot e BS Uethi PSP t he
conpr gataddiheougghrdhacie lvfnveatoo{(inu@wgbe_nlgir@wm@l : Bos,oshcquxemsﬁéreewmdé ngl y

I ncreagjng Its over strake, imlarly, for example, the nt o

pr essefbegwﬁai%ﬁ@sﬁ%‘cﬁdﬁq $1 fBV\E’Eﬁ’Bp@u[%FM%ref“TE@PE'ﬁP%” 'oﬁgg y

di SIO_eDélR/é@OG%Mﬁbeaﬁ)‘ﬁ‘é&’QﬂnP!e?Q%\ﬁd’éd atfthe dRAEMdesf the vbilfieeRaasing t hout
requiring additional applied force, such as, for exanple, by mnimzing the
conpr &%e?m'ré%ﬁﬁébewﬁﬂ'gﬁ'go?- punpi ng chamber 301. Again with reference to
Fig. 4, punping chanber 301 is shown in a configuration prior to being
conpressed. Actuator spring 311, shown in section, can be, for exanple, an
i nt egARINOJedreNa MY tisRANSNg vl hassamble 200 dispRNsindHMEY 30PoPhadkast oner i ¢
punpi Ogive 38G1RE véRitne %ciﬁ@%&érgeﬁ‘éob%ah?*oq ei‘&rtng%t, Al balGr sbﬁlea home

(non-di spensing) position that does not conpresS punping chamber 301 at

al | . pentaetwith e3nh eiges camprisinga sested Avid canveyingflowpath, 10Jetodstipieved in
var i 045y BldIEd HETre3t e subliBhe KOMBIEY Wiihit frbMingrelSRAERs Al ast omrer i c
or mechani cal spFing or other resilient means, or, for exanple, by a

f 1 exi bortaminants - sucheasd iforgexample, avictattest ing@ing, fwldxample fhaster@® her adj acent

[ oor Pents mats TR bEe PheXemaneh i rdRRahERER o R A" 00T o

fol l ow ng each actuation. Such a resglient conpressible punping chanber
can, for exanple, be nolded with a | ow density pol yet hyl ene (LDPE) or

t hernopl astic el astomer (TPE), or, for exanple, silicone. Depressing
actuator 302, for exanple nmanually, can cause actuator spring 311 to
col | apse, as shown, for exanple in Fig. 5, thus enabling punping chanber
301 to be, for exanple, conpressed between upper conpressing surface 304 of
actuat or 302 and an opposi ng | ower conpressing surface 305. Lower
conpressing surface 305 can, for exanple, be integrally formed within

encl osi ng housing 600 (as shown in Figs. 15a and 15b) or can, for exanpl e,
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As noted above, in alternate exenplary enbodi nents of the present

i nvention, punping chanber 301 can, for exanple, use a piston, diaphragm
concerti ngoaniotb@® nechani cal type mechani smto di spl aretasspenddssc vol unme
of flowabl e substance 100 out through check valve 400 into punping chanber
301. In such alternate exenplary enbodi nents the volunme expelled from

punpi rgr SRAMPIE! be3hde AithIRateFgR! WIRLN chitd b Maled 19 ¥xERea icohtahtnatith, Pegi nni ng
and endi ng stroke positions of such mechanism Returning nowto Fig. 3,

seal edUch @spfer Rxamplepbacietestatieang(or bacipusidalnoatetals @ndwoelings @300 and check
val ve (fgggn d6wsubstantially non-expandable or, where flexible, can be
confin wthin the surfaces of enclosing housing 600, thus creating a
physically restricted di spl acenment such that activation of dispensing punp
300 caysma . bst ance
100 dri vnglb ? %%%ﬁ%ﬁﬁ z%%g%woﬁ’ (kaéﬁaﬁését g%ﬁ?:ﬁg"dﬁh%wse&aﬁpﬁ | ed from
one waysalbe ppecifiiatto\padvide admaendr agadtdd nfoisturesvapor ed okygen peretratios. a snal |

i dual bst 100 t f
e Y R e S e e T SR T (e
fa?:t aispetéfedt, tham:rt}rieetumbf/all intarfazingocorhparents torpriging flowpath e ?L t hat

une co om e val ve_S nner cor.e aves e
b o R RS Enan PRI B ecyEny a30) ARd Peaghatit e BT ose)

Fi g. 761063@?:56 feﬁhﬁe@@ﬂph@rﬁ?fadﬁhhgﬁf%e%&éé eThé¥e ddrdfclude fonekdmplenovabl e over
ca al t ac ncl osi n ousli n SO a Ver one wa
i SperBe iy searacvats Spd T gteBats e i oresh it S0f oS dBEr o, whon ¢ he

del i V%rv}érrﬁUl&FanBO'SScdS\ﬁbrésQloH% 506 M@éﬁfrﬁcéw@ve\m?éd SHseRRN idtddnasive assenbly
200 from physical or anbient contam nants. | n exenp Iarégerrbodl ments of the

pr eseongiRge it pesterr ?‘bﬁ%‘@&ﬁl“&efﬁ%é“cﬁﬁﬁ"meeﬁﬁaﬂé’q mapviagtured i vRI¥d or

coat ef&ld@ettble?dﬂcbsﬁeﬁ&ﬁb%tmhét@ LERAG or Iﬁ?éméfé‘:%éao &élBer‘é? sean al so, as
shown in Fig. 4, incl out engagenent 31 0 can or exanpl e,

pr ever@s tapreyenbingess qfrbgﬁte@el ﬂ@gddpaetsgwwmomaesw\armrhbelthe over cap
700 a T dge of over cap 700
pass tlfhg&r nﬂ%ﬁtﬁldaétt%ev@\ﬁ%%@%ﬁﬁs? %&%@’"ﬁ%’?ﬁ%@ grow ded on actuator 302
when over cap 700 is fastened to the device. Figs. 7 depict various views
of an t rdi | ary
enbodlcgrgebﬁﬁﬁhgwtth rgfe?%%fﬁtﬁg%e)nﬁjmé)%%ﬁ% '%Q%RI Fs'b@dcéal |t€/8e(r?c§}por di spensi ng
of fl| @xaipte, pmealedrcomnnnehewhu:lhsedm&s dropoitinnalyninrsigd tethemnwunti of ol unes,

such r ¥ r, as Iarge
Suh Wb PABEER S003ulh Lisbh A i hhordl ok S E3Mts, =5,
phar rrmtﬁextterrteﬂiborptauniMs Velwn‘aa esiucihgrreseraaipbe0 cayefoc examplel beiaons. Lar ger

| d lit f
e ePISbIE BefiwE, s8hcerif e Hag BRUCY bl SaplGre oA Bodunedid’ PUTP! N9
err})odldm?hse pfacttbhélyﬁl&ﬁ@tgltcohfémb without alrgatmgdamntanerf\faeutmwemgsem?itrol t he
VOl U ex e wa e Su a e one ensi val ve
L o om0l caB B b Exaimplie pRree el Orabligy WiIal 40 Sroiesing prsing B0 o 203 ¢ hat

prO”W&f‘enb@NéUMoﬂéd &mrrqbsrtu it HoREAdd $olimadrwm thd asplicafieabrre 203 can, for
exanp TTL)I‘I se an outlet orifice 204, through which flowabl e substance

100 cé’ﬁc'S%” talpyess s of sler Retsidg physical EifiveReRS: riissinted that e85081Ng 205. |1 n

exermlhewng@be%maté ofk of hﬂarerveﬁerttr dpRVfiYs 602 to AbWaimIEhf pregsig@4 can, for
exanp be an aperture or can, for exanple, be sized for optlnal

expul é?ﬁlhﬂt@rspacaeétqneatq/mlwné retiuq'mg)mar\éo'rsiﬂ%te&%l@gfw thehe outlet orifice
204 C@0acifdtbn & BrBRAE! fASmane LBINE-F SGRENT b orl VLG Br bbernl Sidwper mopl asti ¢
el astonmer such the ori |ce normal Iy cl osed expands when

pr ess @irdo eptes pgtweem the innes strfaeebf encloging Aagsing 600 1asd tbﬁ? pp%/e@ sufege can al so,
for e e to produce,
such éﬁw“] @re 'gﬁ‘é% Pe%%{\; g %@8%05 ng‘tmgﬁqérerhtrjn'gﬁg ﬂ%ﬁ g\g&e'l etéeat ure 205,

t hr oughntndrit @l ﬂowabtets@sta‘nceé 0204 dispeensed. cau\ernatwehex‘anp*amplbeot’m@[ acent to
and c I r ; i ] n r..exanpl e, extend or
pr otrﬁbé%' 'sacah%F fdoér%agﬁrg ?B'%g%iiltrﬁ%reg{%parggfs'.?eg‘éa’(?ﬁt\}la(')na IsyJ,CRtaesr‘ ﬁrnatl ng surface
feature 205 can, for exanple, have aqdi stinct edge and m ni mal surface
area, and can be nade, for exanple, wth hydrophobic materials so as to

m nimze surface tension so as to thus freely rel ease an expell ed vol une of
fl owabl e substance 100 fromoutlet orifice 204 as a stream small droplet
or series of small droplets, with mnimal or no residual anmount remaining
adhered to nipple feature 203. It is noted that preventing or limting any
resi dual amount of expelled flowabl e substance 100 from remai ni ng adhered
to valve tip 211 (see Fig. 7b) can, for exanple, be inportant to insure
that a ITB.XI nmm port| on. of the di spensed amount of rovvabI e substance 100
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Wth reference to Fig. 8a, in exenplary enbodi nents of the present

i nvention val ve body 202 can be made, for exanple, froma rigid plastic
(for exampbepiihizedsodensi ty pol ypropyl ene) and can, for exanshe/obwse

fl owpath 101 extend axially from di spensi ng punp 300 through an inner core
207 of valve body 202. Valve body 202 can have, for exanple, at |east one

port ZB8mp, ‘éhn@é‘étﬁé‘@émﬂué?%%t&h Withintd ﬁ@@‘f@ﬁ@@r‘ %séWoﬂugﬂeY% Rrpody 202

frominner core to an outer surface of valve F iI's noted that

in ex@mo&wwe@tﬁmmqmsgntoqum@npne@gwr 300\eam fQirexgmpﬂﬁ é?§ Qafoéméépl cted in
Fig. r y somewhat
beyon B(‘ﬁ b%\e%%g{h é&]ehxraa co%ogzﬁ Fggt nB@gﬁ%ggg%gﬁ’gd En%lfs?ﬁar%e general |y
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ot her wnstodanéntap air, whi ch can cause reciprocity issues whereby any such
entrapped air could corrpress and deconpress during punp actuation,

reduci ng the effectiveness of the punp. In either configuration (i.e., that
0; Fi ¢ig. 3|8§aﬁren$é3becli It/iew frithé Fighf (distal) f)bmdﬁfﬂfFlnglsHﬂmn@ grd@eal tdetaiai n pur ged
of air vo urres at a nes to prevent or mnimze ial reciprocity

i ssued? Y %#‘m%’dtl ‘?féh? B“’éﬁnf \nwenirenawn ﬂt?dhe o8l el astoneric

nenbr@ﬁﬁc@wan@a@ tb%ebleahtowbamoﬁ% MR ofifi 204, WhiShpfRfRs@in @ ve body 202
so as to create a constricted tenporary passageway (also referred to bel ow

as a 'PAEWHIPANG Warsdispeising wive assemigy 20D g Thy$, ens way digRsneing yBY¥€ance 100
from pREshBly 288%ahOfdr 'ekamMpl (?O'E:bﬁxkéiﬁﬂo%%le Mét?m%ﬂ%d‘ﬁoﬁﬁm?urhé”e preventing
any backflow into any residua ure or sterile substance 100 contai ned
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can b t I v, y 202 (and
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t he prdgigﬁg dnventl on, these mating surfaces (i.e., elastoneric nenbrane
201 an e outer surface of valve body 202) should be sufficiently snooth
so as to prevent the possibility of allow ng for mcrobial pathways. Thus,

202, Sorungind R BREa ko T 3, RbeRARAR (Fone BB O TR B0 A Br 0y “202
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Son t“@*W@ﬁ?’fgﬁ?fﬁgs:wgﬂcp;éﬁﬂb%;ﬂmm3“@“33“%%1'5‘2@"}33’??%: Can 1y
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as t o appkdatibh. Fapémﬁpléadhbw@lééddcwmmé@f Eamp&tya(aﬂsww foypi cal 'y be

el derl?/w Xoun%j ured, or otherw se weakened, dependi ng} upon the flowabl e
subst JFPenagss dslly lj)‘gcﬁ @ﬁ&%ﬁg@aywgm'w'%fmwgaswans ayhe $RF ugh

por t (%9, fé0kamitsle, Ul lithd169 0 'ﬂnn&ﬁﬁte?élbﬂﬁ m§é bb asbemlc?&m@r Wi Exdinplangenay
bet ween el astoneri c nenbrane 2 he  out er surface of val ve body 202.

For egamodimentsef @l%b’?%r‘“@’ﬂ@ﬁiﬂ%@%@ﬂa@éﬁr gPtran kBl forgxamalee to fit

rel at 'elé%idfnéﬁ&muﬁfﬂﬂg%ha%%r 984 Eﬁn bf@P'¥xa31Q€le EQEOHﬁg”U?@&‘%’S '&qu‘(l'eéﬁé’us f1 owabl e
subst ances 100 suc for exanpl'e, ointments or creans, or relatively

| ess bUlpheoRCcerina, @ﬁﬁmgf oitjer pentoallablyl collapgibletfarnn Vﬂmmmu@pmgm ds, such as
eye dr b hﬁgaé/ mer fit

snugl yﬂgrrqggg%dibut y ;Fggs‘stelﬁr% eegég ?Iﬁ O%t% ﬁeé‘@&(t@l g'E? r?(lgg?\ﬁfpef fort by a
user. ekampbeemmdythmﬁgbcbnmﬂa)sdbpemmeg palge 200 andvasritd,dar exarplei ght fits can

and 1501t bt eh PR AT <8 CETARRR e o8 Jilihing SharfBBT 0 O

exanple in Fig. 8b, one way di spensiqg valve assenbly 200, val ve cover 209,
i nner el astoneric |ayer 210, elastonerlc menbrane 201, and inner core 207
can, for exanple, each termnate proximally (bottom of figure) with a
radially outwardly extending flange 212. Such flange in 3D appears as a
ring extending fromthe outer dianmeter of each of such structures (as shown
in Fig. 11le). The multiple layers conprising the outwardly extending flange
212 can, for exanple, each be intimately fitted together, with flange 212
assenbl ed under conpression, for exanple, by a retaining collar 601 (as
shomn |n F|g 3) mhlch can afflx t he fIange 212 to encI05|ng hou5|ng 600
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Fig. 9 depicts the exenplary val ve assenbly of Figs. 8 in a dispensing
position. Thus, with reference to Fig. 9, a tenporary restricted space 218
i s seen, wbusnextsadi ng fl owpath 101 between the inner sgrfiae® 1000631

di spl aceabl e fl exi ble el astoneric nenbrane 201 and the outer surface of

val ve body 202. As a result, flowable substance 100 can pass through this
te”por3®r1Bbuﬂé’E%étb%oe&blérﬂé‘b?fﬂoﬁléﬁl%t%s@ﬁc@ngtfr'o\’r?v&[rﬁfésr%ﬁcrHQOn fl owabl e

substance 100 as resul user actuating dispensing punp 300, as

descr irgsaiveibdto refill gumping ehanakesri W wivihesevaoeated meeterashuandity. npl enent ed
in a variety of ways. Thus, Figs. 1l1la, 11b, 11c and 11d respectively depict
various alternative exenplary enbodi nents of port(s) 208 that can, for
exanplAs, ndted, irs esemplary emchodineentp of thepresds inventior, gheckeayecd®Oznant o t he

i 0 Sl et benSén BimppG Hhebfber 201 B Vo SRR ¥y 770" T

t he Ceestefredura&@ s:au‘srnga]nwbrdmhdryalmw dmtalwas bumprngch?arqberjam pullee distal end

of port for_ exa n incli i ng edge,
20 e eetf afereBllimd e BEGTB oG Suan oM et el e ea SR 208 haror ane.
201 anrmd\sabyequently péiesihemétessd rmslemewmm pdsitivieliressuae tisloagh one parti al
cut away sectional yiew Fi %8 uI ation or form of or}(s) 208 can,
f or e%éﬁﬁf %°e“6@9a‘13¥‘fec%ﬁ iy aénP %@tsulblsﬁ%%ft&o%gisa 100 in a
hel i cgumpiyEranitierBoRiftel ah iRiA8I m@m@édiaoswg beshewrarid creplaeés ﬂo\naus to flow
nore efficient I% Fi nal | f or exsé’r;’oef}eo t he positi.oni ngls (s) 208 can

be st #YBeAREE APQ FRINRIAWIUR HiNex o REWOY diSpaYsing ya ycontrol t he

dir ectzlo%ftef thlel grewiehis Bban@tblu@trﬁy@gﬂr SlMeR oihﬁéb izaw mrﬁog tifar o%@é%zow iput | et
orifice 204. Returning to Fig. 9, in_exenp nbodi nent's  of the pr esent

i nvenﬂ¢wllyan\@4tw'%qfarummgg champer 301 mﬁista@s ahl f'ﬁwablguwbﬁtaéﬁ?. €0(f or
exanpl 4 ARk Ken BRESHE § and

pr ot eéc?rweaFd gktﬁgr%fgﬁélc%rwaérzg@@é&ﬁ%ﬁaext esr{)] V(rﬂnfl uencneg Val vle cover 209
can, fappliedterdisrensing pyrar 880+ &Pndinuing duthimmannefdhe dispensing obut er surface
of eI SRind aver 210
of el ﬁr@%%llpgn@%fﬁgﬁaégs eu %ngl@ro 21% ?‘%et%&@rqgé@gn 6Inc? 'ﬁﬁ%kout Ineq end of
val ve réssiyoiedQ0 srmabdnepletetyoerpplied. rrerrbrane 201 The el astoneric material of
said inner elastoneric |ayer 210 can, for exanple, forma soft elastoneric
valve tip 211 of increased thickness over the outlet end of one way

di speris ergmplatywembsdiaenks/ o206 predent inveatio ehpek valweal4@0lcanatbrant ageous when

examp REef, BEPOY ot a S ot RS FPOR PR B B, B0 o Simlsy 1o

exarrplaeducprbavmrIe nﬁﬁleratlvalbadam@eosbmbrellaMalvenad\eaemmmemwdenenmt act with

| ia 0 t h
B’ Gt e etetufiantioy chisralin 400 doBep el Rue cyiidRaL over 205 by
first eadtshent aifazrsm maY@éwefoﬁ@XéiﬁpleZQanMdematlw dsherheteo! di ng or

overrmldrn 505 the e] astoneri in r Ia_r 210 e tip 211 features
ont o \FQP\P@ ntdhermonirstic glagtamep g’E& %?Qfo?f‘cfﬁelsﬁg ﬁf’é"@?‘r’ nol di ng

' ndUSthndn'&éFva‘M@ﬂu?W@Q”w oS éhéﬂrvé?%bél nﬁroberdt'bnl éemﬁmssrbﬁ of

intentionally have part remain captured w exanpl e, the

A Si dé’UBTp'ﬁQw@aeri M «reatgs "ﬁSPW%@’@ﬁ%U’eaﬂﬁbthF&'Qtﬂ'e‘?f‘%‘e{gleﬁ N?é’ea (second)

al ter Q@bewﬁcﬁ 'eQSaﬁHs élB@toPﬂé‘ri@ duff Afogic'tHdstéHa%hﬁd f6WRbIdisubstaingeaondo mat er i al
onto the first he 1 nclusion of nol spacer rib 217 features on the

(i nsi de pulgd bﬁ@vemr elastomeEEe cgﬁgtodaar\d \rad;\re RiuaApR drome Fraeneif 2PQ @ over 209 to
be sp h ) I er eby

cont r?ﬁlﬁ-FEJ § ﬁeﬁ%éggoﬁr (;sn 0 ggﬁvcﬁc%%&rri@gg &ﬁ?iﬂ?#ﬁ{aﬁ?&?ﬁ?@ﬁ%&%@ d when
over mloaitmgptaseummn toe flowable $ubstancer10D1@ntaaed withitg Wil PUsheSFig. 9, in
exenp S 6 can be

pr ovr Fév%/e@ é%to Q{?SFL'.Q ?ffﬁiem;bggﬁs'héz]ﬁ&%%mrﬁr}ér ellrliatillt%gfr?gprlra | ayer 210.
d ear @ﬁaﬁesmmmg retrceflow back idorpéservair 8@t rol | ed cl earance so as to
limt the expansion of elastoneric nenbrane 201 when a netered vol une of

fl owabl e substance 100 is dispensed through outlet orifice 204, as

descri bed above. It is noted that insgxenplary enbodiments of the present
invention the material formng outlet orifice 204 can, for exanple, be
arranged or forrmulated so as to not absorb fl owabl e substance 100.
Additionally, as noted, the constriction of elastoneric nenbrane 201 upon
the outer surfaces of the valve body 202 i medi ately reseals the tenporary
extensi on of flowpath 101 upon cessation of positive pressure upon flowable
substance 100. Thus, any flowabl e substance 100 entering outlet orifice 204
can be ejected and cannot return into the tenporary space between the inner
surface of elastonerrc menbr ane 201 and t he outer surface of vaIve body
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I n exenpl ary enbodi nents of the present invention, the thickness of

el astoneri c nenbrane 201 need not be uniform The nenbrane wall can, for
exanpl e, we whomesebn Figs. 8 and 9, becone progressivel ycrrhissm@no@s: t he

di stal end, or, for exanple, as shown in Fig. 10, becone progressively
thicker at the distal end, in various exenplary enbodinments. This is due to
the faGt nbfé%tthgptﬁsrefér@%hbss §H@§\%ﬁ\?@%yéﬂﬁoﬁﬁ% Qﬁé§k|ﬁ'éc$i?|€tﬁé%¢ttoand the

val ve assenbly best reseal ed, where the thickness of the elastoneric

nenbr assemblerangdaterennneet neyervlors @Dhé'ﬂeQi‘o\fﬂ'\@(foO anghpemeing dyaynbesl ve assenbly
oper at Creases

o st a1 Fhartlof'sB 15 ch ol oL e Ao o B O T A e e

pr ess rigs, resme@ODnhemehpmmpfmredamla;@s a foemed soltarisible aadchiavisnt y of t he

oot r P Y 8 G GUIGHAT pBlycbilforR RIS ORPANRE Bn, BRASS “and 1o

t hus altcksshigallyaorchegh peldesat ipon tﬂwenmndmmll epdoharirgectionsoided 1. ®PEnce to Fig

ar i DA ORRATRgRd5 26w Bt pRPRE. & conifoul Yo MoskRleh o 0BG g™ **

r adi alFuynping Wrdbéreioneeambhged:asmhmﬁ efdr grdmple, b aﬂgebleﬂﬁ&mﬁplaltmst oneric

menbr ane 201 and .t he adjacent ner el astong h vent

openi ¥ gas{,qmgpgﬂn r'f@%e I8 a?tgq edul fz@res,grétlﬁ%é '&ﬁgf’r EI% Q?t'vseg\éce 206 does
not ebﬂﬁi)laa’ﬁﬁmw featuné bﬂaﬁ@d&ltaltéﬁarcﬂ%&eh fitméNtSPLUICGhezk valves40onedn e menbr ane
201 expands and constricts. is noted that sucthwag uncontrol |l ed

under prdadi Gaptyred as SQ%‘HEefoé%amalﬁ Retweed fitmeR ARG PEMOINIst ance 100 s

bei ng cRbRBELSOT. OAealﬁénamyt 4 8bpli BO'P%?%mﬂ@Uﬂnéld%ﬁuﬁﬂ'\ $ilicometdrea subst ance
100 to be sucked into clear_s ace t hus be diverted away from being

ej ect dhermoptasle elastanesr (8,a-f TRR). 260 beé?ﬁe%ﬁ)@ti'ﬁﬁﬁ’sq bolg iR 8ot P0&- occur r ence.

Al ter ) r can pass
b oG P S B . Eedte & e R L o 210,

al | owiengir@nreent a@ﬁdb@ podiental flowratini Q‘aw@hrwrewamﬁeﬂtanéwmmél Wpace. It is
not ed h.ar I Fig. 12a
is easclhgg&{élw“% ﬂ?b@su\ég rg\%eaﬁ?&q%géné an?d%&t %me @%o'?tuet%s glrég\ég}p:lj@e action, as
oppos &dthtaoshane hp“@W etesite peedie, providingtan as.eptid@@trca@djmaanmt@fll 12b whi ch

t t f
monenteraral 88 ' lef bRiiE b rBubR i BhtcVaNORlo, oA 0010 Too
passeshambar erta andrqlnpemsmgr\mmr asseatblys pag entilBe ientiredittidindrveyéyg t hr ough

515 oAl ke e S BO i SaERAA oo, SephfifsdhCan e B CISNICL
narr O\Iaxamplﬂ selt‘-teséapa;bdn &m@d\/aasf suqlu stﬁrsblleeeneeﬂles nase oﬁhrattalgtrsmmezgcpi ﬁ: for
ﬁ;gggéﬁmu@ g@ﬂ"ﬂ@@ rﬂ%@lﬁrés C‘E%‘F}?& %raEﬁ’\ S3MB0Y FB‘B ? US? Fo(Sne squeezes

qui ckinyedicdt bpgifatibss. dils BREApRry bmboufmérheoftr@vmbéawtsmmmm|s nmore slowy
expelled, then a drop or series of as descrlgbed bel ow.

It isSeRtuThean heaRangsmhio ke \singleryss, §u6t$a§gp(,gxqrp;ble2§)ibelggtqogFre rifice 204,

ni ppl Wﬁnehﬁéﬁ?ed?&é’p aﬂedrm:eg o fo'iireveritiidepaft@mptedacfifhg apdfor for exanpl e,
alter natlvely be conf |gured in various other ways so as to produce specific

desi r S@N@MUPAON. sj zes, as next described. For exanple, as shown in Fig.

13a, an exenplary outlet orifice 204 can be provided with a concave

term nation 214, specifically sized and shaped to achi eve an appropriate
sur f ad&erapeEation of sumpingechamBera30f is aext @gﬁcagad inegreatsr detaik | owabl e subst ance
100, i spensed, until
such Gntip8 Wi BeRECE B8 dn Chgiply Enbolidity oF HerbrE B ot gt

over cdmestion sumpmazt@mb@n§oér¢antm§xemalﬂ bagnamally aeplased Pbaﬁel f-rel ease

from t
appr oé?rlrjét?oéléoao rrr%gpéhﬁ%llg%ﬂg@;&%%% @%ﬁwﬁ‘)ﬁ'{%’all}g Hﬁ%@r@gr opci ets of a
desi r daf amhmim bef gonfi guredmmbettorzm paddi® onag achuttpeta@peammgafemrem Y,

cucn Spadle Bb Rt i o X BRI T I oS e WY 70 L7

produce | arger droplets, such as, fcﬂgexanple of 40 to 50 mcroliters.
Continuing with reference to Figs. a and 13b, outlet channel 215 can
comuni cate through a concave termnation 214 to outlet orifice 204. Qutlet
channel 215 can be tapered over its length, froma narrow restrictive
proxi mal entrance aperture to a larger distal exiting aperture (adjacent to
concave termnation 214), so as to slow the velocity of flowable substance
100 passing through it. As is known, the velocity of a fluid decreases as
the dianmeter of a channel through which it passes increases. Therefore, an
outlet channel 215 mhlch |ncreases in sectlonal area tomard its distal end
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Al ternatively, as shown, for exanple in Fig. 13e, elastoneric nmenbrane 201
can, for exanple, extend conpletely through valve tip 211 (here shown

provi ded wotb1weewbVvi ng receptacle bore 216) so as to eypelusbdiawaibe
substance 100 directly fromthe tenporary space 218 between val ve body 202
and el astoneric nenbrane 201, rather than through a separate outlet channel
215 angn(ilddth rdrertifs 8Hénind 8y rBgh bHeloking rBLSEIaDo, AltistoPsE St eP

beyond that shown'in Fig. 13e, elastoneric nenbrané 201 can, for exanple,
ext endaByviehexripledbe Brsingié component g5 apassemblage ef companentge(sBowadN i t s own

ni ppl &; ' H}pé K | [ for outlet
orifi ?('ag%géén%oﬁd? %i%ac an’n%aslhgﬁ%séﬁge \b%évéﬂl}b?%éﬁg%%ﬁl%’tﬁded to limt
t he prcagsatt toimownin acontrolled ineaydirdstion upoh éhe purapimgahagexerty i ndi cat e t hat
one skj LRk r.eadi j such geonetries to achi eve

alter %Haﬁge hgqs\}liérbgo eg%ﬁg{ﬁégﬁ@ﬂbé%%@@r@ any particul ar expelled flowabl e
substance 100. It is noted that whereas outlet orifice 204, as shown, for
exanple, in Figs. 7a 7b,. can be used to control_.the, d.spensing of

Fr owntinemiauel SfudBo 302,648, fof Berinie, aeSag s Ladne SERHRL: <.t he
exerrpliufcé%r_aoyltﬁo&_ledoasi?hmd?gt@immod fi enclosiy hdudingaBeb .l,labtugtoe wglrjtfaggur ed to
contr i spensing,of specific drop sizes as previously descri :

Nor eolRIEXaIRIE REQUAF A<k T Torpe YBoY RRBING hacehar| 5r Ot FamCEEXEEIRIGPS n Fi gs
13c, t3afiguréd d8ancateriedusetharigig FacipBe3 witArfinges B6tR&ItiBE coRtagt Vi scous
subst ances, such as reapns or |lotions, or for desired |arger

. TOor. ex le, c :
di speR€iNgJuerirare }h%a%‘#ﬁ?%ggtmthéaméctwaé% rPrevidR ageshani@li ters. Such

vari oggvanth§é, sich\u8 roqae&éwre'eltzipnﬁltérhsti\ww;mmmg eesmBEr SOPER, 96r
illustrating that the design of valve ti 11 ‘and su%ortl ng structures can

be sp&%ampleabe goptigHred witbdntegrallyformathieatuses aaps te besirecty petefl| i t at e

al ternPBﬁ}sz fidel’s Rflgdd OW characteristics as may be desirable or appropriate
for 3 spehnsi ng par?| cul ar fl owabl e substances 100 rel ative to, for
exanpl e, their inherent viscosity, desired dose volunes or desired

appl i It i St oo h : Vi f conmponents
as ca%‘%gglgﬂg@aﬁrge%gﬁ{%gidgg%é%ggg%mr}%ég?@‘ (gg}nﬁ%%?'r%gﬁg é gﬁﬁ}gd edf“?ﬁ%ﬁsi ng system
accor thechanicaladvartagel wiliging the howmrelatiorship ¢frffeseant Rressureixoiveas depi ct ed

assontl 2 ot SRAmpie e BT ke BRBHE Bl BRI ANT O U5, Y

Fi gs. chambendD 1lteefidctivelppush toy gakea veieng | aygiesThoidcostyt obffowdbde di spensi ng

syste i ct i i - Thi s _al t r odi i ncl udes,
For ondpnrace £90 ioudind éx siobels Bt Bl S BN RO RE BB NS on of

encl osimgizing thengpriyflessible stxfaeadiréw of purapiay ichamben 300 whilei ous | engt hs
beyond t he agt u?t.or 302, fa rreg%figi q\aﬁgaﬁd\/'aﬁ]t gae can Ibe obt ai ned, thus

maki n§CTESRORG|NGYY Eieasing sy, ro mylanly, JoLeXAmRle. the @MRHY 06yt st andar d
Vi scoprdsgurdaiilableas push gewabiel substanee mpensuyh dnbwWaysdibpémnegealve t h a hi gh
Vi SCOSIt%“I n 86rt|c | ar, m@;gh,can often be useful and wll, 1n general, be
a fun@BFRPIERO0 £ANOIPE examplsy e dnrrpased withqut ssaiiing addijjenal gePlied of

ant i Cikqreé, alicHa8! for aghmple, tsymﬁmﬁihg the BSHBREYIDAS sutsdte @Hiot 8dmipiHg vari ous

fl owabl e subst ances being dispensed, etc. It is noted that one skilled in
the afbamBer ¥ki|y envision alternative ways to configure and assenbl e the
descri bed functional elenents to conprise a sealed fluid path within the
delivery system as well as an integrally formed or assenbl ed encl osi ng
housi Agabowth epéereRemip Figof RUBPIPD @hambelr@% is seavraicR ¢oMiguratiofs. 16 show
vari o ' fapli SHYA i 00 wi thout the
use OP ﬁ%ﬁé%@éﬁg@%gﬁg@%ﬁg%ﬁ&? g?’esexanplr§ei\éﬁ°@?;a?‘rﬁg2§3r.2 Because no

cl ear exgyaple, anategrally swldadearepliant tubuiasdeatiice pregrdingfeam edgstemeri¢ Fi gs. 12a
and 1 u T3 th j I re is no defined
air pétg@g?ﬁ%@% e 5s@tﬁghér?cfég£&§%@ane i %étpgéoggggﬁﬁﬁlﬁrge g{sb%terrpor ary

r est r dispeosisg)quasitdh8that does avechmpregs pampingechemshars30feat allettwatobe appl i ed

to the.f C di op.its VisCQsi S eat er

or ess SPUS TN ButiRT bR e el bR HROB WL varlteB o Wi Voey purp.
To further sinplify manufacture, Figs. 16b and 16c depict various
integrations that can be nade in exenplary enbodi nents of the present
invention. Fig. 16b depicts an exenpl ary enbodi nent where no outer cover is
used, and thus the inner elastoneric |ayer 210 is expanded. Fig. 16¢
depicts a further integration over that of Fig. 16b, where both the

el astoneri c nenbrane 201 and the val ve cover 209 have been integrated into
the inner elastoneric layer 210, which now conprises the only other part of
t he val ve assenbly besides the val ve body 202. The enbodi nents of Figs. 16b
and 16c¢ thus obviate the need for the outer cover, and thus obviate the
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and thus where any gerns on a user's fingers or hand would be in frequent
contact with. Thus, in exenplary enbodi nents of the present invention, the
purity amipaniigieiopl ity of the contents can be mai nt ai n@dTius2@ 1000681 - dose,
preservative-free delivery systemduring use-life. Using, for exanple,
applicable industry standards, anti-mcrobial properties of an exenplary

del i V%Ne)?a)ﬁ%lémypﬁé?néjﬁ'sh}é?{a;/é’%atﬁﬁwimér&ror‘?ﬁm%al Spritfy SO&HeA resliiggd reduction

in colony-form ng capabi ' nas little as 2 Hours of exposure, which
consi JneaMs, or. 4o example Py fiexkieamember xpeading femactuatier 402 itself. ®Se-1i f e.

Thus, ¢ teégﬂ% S S ki 1 ariety of
phar ngt:dgﬁ??hggPéj?E%%snetl gsgﬁf% o%lgrg%&l}%#gétglh ot @%{&%{ %%T@n aterials can be
di sperehathbgh a0 titself mgy ibeseifficient to cetomi theaictuatorei todls séaticpositian nants from

t he angi ; of I i t pr esent

| nventoisaing Racteaalatdn, odurtR Bt pEpESsRI piTRAG bR Ban, B2, 77

densi texaepte, besuaded withfar loatdensity pblyethyteneql &) or themmdptastici nner surface
of punpi r 301 and inner re 207, the size of netered volunes to
be di ?ﬁ%ﬂ@@%‘lﬂﬁ ot FES*8 &Eef' ﬁ'@gﬁgons (surface area, sharpness of edge,
fl atness or concavity or convexity, |evel of polishing or snoothness) wll
be cont ext specific in fact, often custoner specifie nd will

det er [ﬁ%éeﬁ actyyator g@éﬂpf %’faraﬁﬁ 'H?W?ﬁ&i ALFYSG Aty Weswd:@iﬁﬁensi ng val ve
assentdojfapieOas dhowe i Bgarmplenn Bilf) 5, tirEnabihy purkpihgadianysdr B8 to ®@jici ng

reservoir 500. As noted, in exenplary enbodi nents t he pres i nventi on,
ot e PR ICOmAIEised RaNweoT HBPE I BRIt a0 tee S04 of SEBERT SPRscr T ot on

and ol dnhéppesinatieer EBHhprassingistthse 805 COWERERHDSSING supbe Bossaf el y
di spensed in nulti-dose preservative-free fornulations, in a sterile

manne Ny MRMEE; be intesrplivfarmedviiin enelosing Sersing $P8{BS SHOWR itel i very
syst effigs EXBIaRG150) BF&H,@@%érﬁkg@,'ﬁ@img‘?QﬁiﬁW@d SRR %ﬂarnLeséutPf
I's t e so Si

phar maceuti ca hat can I spensed ng exenpl ary enbodi nents of the
pr eser@ssembledtaragie 308 comproeeiusedde ssppert ppmMping gnaammbricit (@8 shewni st ed
current }:?93.0?@( exist in preparations that do contain preservatives. These

I Ous

can obv -y ‘be reformul ated in preservative-free preparations given the

use of delivery systenms according to exenplary enbodi nents of the present

i nventd; on- - ‘Fﬁ%ﬂ de Lt i nert.nt ended by way
of extaft:II .:Bede&-r'ﬁ%pgﬁ\g rcg{ano }32’3 éﬁggggh@%ﬁ%%dtao? %ﬁ{edag#{egtéﬁ \?frllt\benti on in any
way exeferancaghareto, froexdmplaryt érabbditientd ofthe Ipsésent irivention ther cdntedradfy not ed

t hat p illed i i j he. vari ous
t conn e SHERERR stifpeesfeor dor Rk SRR (S i R BroldE i o
2011/ r26tactbxiveesS3 041 ippeBHndEXWd! Sutades (Aotually,dheyare semipglligticabns and
Motics . . . . .

in the depicted example) during actuation so as to precisely control and maximize the

volume of flowable substance 100 expelled from pumping chamber 301.

Alternatively, pumping chamber 301 need not be elastomeric but, rather, can, for
example, use a piston or other mechanical type mechanism to pull a specific volume
of flowable substance 100 out through check valve 400 into pumping chamber 301
and subsequently, to push that volume of flowable substance 100 through one way
dispensing valve assembly 200. Such a piston, can, for example, be manually
actuated by an ergonomically configured finger depressible actuator 302, as shown,
for example, in Figs. 3-5.
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mechanical type mechanism to displace a specific volume of flowable substance 100
out through check valve 400 into pumping chamber 301. In such alternate exemplary
embodiments the volume expelled from pumping chamber 301 can be precisely
controlled by specifying the beginning and ending stroke positions of such

mechanism.

Returning now to Fig. 3, sealed flowpath 101 between one way dispensing valve
assembly 200 and check valve 400 can be substantially non-expandable or, where
flexible, can be confined within the surfaces of enclosing housing 600, thus creating a
physically restricted displacement such that activation of dispensing pump 300
causes a volume equal to substantially all of the flowable substance 100 driven from
pumping chamber 301 to be pushed through and expelled from one way dispensing
valve assembly 200 (it is noted that there is a small residual volume of flowable
substance 100 that remains in the inner core of the valve, but whatever volume is
pushed out of the pumping chamber is in fact expelled from the valve outlet orifice; it
is just that some of that volume comes from the valve’s inner core, and some of what
leaves the pumping chamber then remains in the valve’s inner core after each dose).

Fig. 6 shows the exemplary delivery system of Figs. 1-3 with removable over cap 700
attached onto enclosing housing 600 so as to cover one way dispensing valve
assembly 200. This can be done, for example, when the delivery system is not in
use to protect one way dispensing valve assembly 200 from physical or ambient
contaminants. In exemplary embodiments of the present invention, removable over
cap 700 can be treated, embedded or coated with anti-microbial ingredients.
Removable over cap 700 can also, as shown in Fig. 4, include a lockout engagement
310 which can, for example, prevent actuator 302 from being depressed when the
device has the over cap 700 attached to it. This works, for example, by an edge of
over cap 700 pass underneath an overhanging feature or features provided on
actuator 302 when over cap 700 is fastened to the device.
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Figs. 7 depict various views of an exemplary terminating outlet orifice according to
exemplary embodiments of the present invention. As noted, the delivery or
dispensing of flowable pure or sterile substance 100 in controlled metered volumes,
such as, for example, as little as 20 microliters or, for example, as large as 50
microliters, is desired for many nutraceutical, cosmeceutical or pharmaceutical
products, such as, for example, eye care solutions. Larger volumes can be similarly
dosed by modifying the dimensionality of pumping chamber 301 (Figs. 3-5). With
reference to Figs. 7, in exemplary embodiments of the present invention, in order to
effectively control the volume of expelled flowable substance 100, one way
dispensing valve assembly 200 can, for example, be provided with a nipple feature
203 that protrudes beyond surrounding adjacent surfaces. Nipple feature 203 can,
for example, comprise an outlet orifice 204, through which flowable substance 100
can be expelled, together with a terminating surface feature 205.

In exemplary embodiments of the present invention, outlet orifice 204 can, for
example, be an aperture or hole, and can, for example, be sized for optimal expulsion
of a desired volume of flowable substance 100. The outlet orifice 204 can, for
example be a pin pierced hole through a flexible thermoplastic elastomer such that
the orifice is normally closed and only expands when pressure is applied to the
flowable substance. Outlet orifice 204 can also, for example, be molded to be as
small as is then cost effective to produce, such as, for example, to .008" diameter.
Terminating surface feature 205, through which outlet orifice 204 exits, can, for
example, be adjacent to and co-axially surround outlet orifice 204, and can, for
example, extend or protrude away from surrounding surfaces. Additionally,
terminating surface feature 205 can, for example, have a distinct edge and minimal
surface area, and can be made, for example, with hydrophobic materials so as to
minimize surface tension so as to thus freely release an expelled volume of flowable
substance 100 from outlet orifice 204 as a stream, small droplet or series of small
droplets, with minimal or no residual amount remaining adhered to nipple feature
203. Itis noted that preventing or limiting any residual amount of expelled flowable
substance 100 from remaining adhered to valve tip 211 (see Fig. 7b) can, for
example, be important to insure that a maximum portion of the dispensed amount of
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flowable substance 100 is delivered to the desired target when delivering small
volumes such as a single drop.

Fig. 7c depicts an alternate exemplary embodiment, where no nipple feature is used,
and thus outlet orifice 204 simply exits from the surface of valve tip 211 itself. Such
an embodiment can be used, for example, when dispensing fluid in a stream.

Various details of one way dispensing valve assembly 200 will next be described with
reference to Figs. 8-10. Itis noted that one way dispensing valve assembly 200 can
be, for example, any type of one way valve. For example, the valves of this type
described in U.S. Patent No. 7,513,396, issued on April 7, 2009, or U.S. Published
Patent Application No. 2009023634, published on September 24, 2009, or various
modifications thereof, can be used. Alternatively, any other type of one way valve
can be used, such as, for example, a duck-bill valve, disk valve, ball valve, umbrella
valve, etc.

With reference to Fig. 8a, in exemplary embodiments of the present invention valve
body 202 can be made, for example, from a rigid plastic (for example, high density
polypropylene) and can, for example, have flowpath 101 extend axially from
dispensing pump 300 through an inner core 207 of valve body 202. Valve body 202
can have, for example, at least one port 208 which extends flowpath 101 transversely
through valve body 202 from inner core 207 to an outer surface of valve body 202. It
is noted that in exemplary embodiments of the present invention such as are
depicted in Fig. 8a, flowpath 101 through inner core 207 can extend distally
somewhat beyond ports 208. Such a configuration can be used to facilitate generally
consistent wall part thickness in manufacturing so as to minimize exterior surface
flaws resulting from sink, i.e., shrinkage of the plastic during cooling of thicker
sections following injection molding.

Alternatively, with reference to Fig. 8b, flowpath 101 can, for example, be truncated,
stopping at the distal side of port(s) 208. The function of such a truncated inner core
207 is to avoid dead-end void volumes which might otherwise entrap air, which can
cause reciprocity issues whereby any such entrapped air could compress and
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In exemplary embodiments of the present invention, an elastomeric membrane 201
can be tightly fitted over the outer surface of valve body 202 so as to create a ‘
constricted temporary passageway (also referred to below as a “temporary restricted
space” 218 — Fig. 9) for flowable substance 100 from port(s) 208 to outlet orifice 204,
while at the same time preventing any backflow into any residual pure or sterile
substance 100 contained within the sealed delivery system. When at rest,
elastomeric membrane 201 can be tightly compressed upon the outer surface of
valve body 202 (and thus the openings of ports 208 as well), thus completely sealing
off outward flow as well as inward contamination. In exemplary embodiments of the
present invention, these mating surfaces (i.e., elastomeric membrane 201 and the
outer surface of valve body 202) should be sufficiently smooth so as to prevent the
possibility of allowing for microbial pathways.

Thus, elastomeric membrane 201 can, for example, be assembled onto valve body
202, or can, for example, be over-molded directly onto valve body 202 using, for
example, a non-bonding separable polymer with molding shrinkage to achieve a tight
and intimate shrink fit as the elastomer membrane 201 shrinks upon the outer
surface of valve body 202.

In exemplary embodiments of the present invention, the tightness of the fit of
elastomeric membrane 201 over the outer surface of valve body 202 can be made
significantly high so as to insure proper resealing, while at the same time not be so
high so as to make it impractically difficult for a user (who may typically be elderly,
young, injured, or otherwise weakened, depending upon the flowable substance 100
being dispensed) to push flowable substance 100 through port(s) 208 and out
through the said constricted temporary passageway between elastomeric membrane
201 and the outer surface of valve body 202. For example, the elastomeric
membrane 201 can preferably be made to fit relatively tightly over the valve body 202

-18-



a) 3-Dinmensional Hyaluronic Acid (3D-HA) matrix with increased |ubricant
activity and anti-irritant activity generic in nulti-dose preservative-free
del i very wpemee{cPF) GLAUCOVA a) Tinolol generic inpowliske1doss31
preservative-free delivery systens (PF) b) Tinolol with 3D-HA in

mul ti-dose preservative-free delivery systens (PF) c) Brinzolam de with

3D HAfbmlﬁﬂﬁsindjﬂ%dgrbe@édﬁé?aﬁcregelOféeéchPa"s}’f ¥hRPR, Offfthentstr Xal atan

u5|ng an enulsifier to elimnate BAK in nul ose preservative-free
del i V@,rg/arg@;gréﬁlgtl\(qiy:}ess tlghtly for dispensing |nd|wdual droplets of aqueous fluids,

such as eye drop solutions. The object being always to have the elastomer fit snugly
enough but yet still be actuatable without significant effort by a user. In exemplary
embodiments of the present invention such tight fits can be created by using
interferencevpercentages of between, for example, 2% and 10%.

In exemplary embodiments of the present invention, as shown for example in Fig. 8b,
one way dispensing valve assembly 200, valve cover 209, inner elastomeric layer
210, elastomeric membrane 201, and inner core 207 can, for example, each
terminate proximally (bottom of figure) with a radially outwardly extending flange 212.
Such flange in 3D appears as a ring extending from the outer diameter of each of
such structures (as shown in Fig. 11e). The multiple layers comprising the outwardly
extending flange 212 can, for example, each be intimately fitted together, with flange
212 assembled under compression, for example, by a retaining collar 601 (as shown
in Fig. 3) which can affix the flange 212 to enclosing housing 600 via, for example, a
threaded engagement or a press fit 504 or a one-way barbed snap fit, to thus seal
and extend flowpath 101 extending from dispensing pump 300 into one way
dispensing valve assembly 200.

Fig. 8c is a longitudinal cross-sectional isometric view of the valve cover and inner

elastomeric layer of the continuously sealing one way dispensing valve assembly of
Figs. 8a and 8b showing detail of the spacer ribs 217 which extend inwards from the
valve cover 209 through the inner elastomeric layer 210. These are described more

fully below.

Fig. 9 depicts the exemplary valve assembly of Figs. 8 in a dispensing position.
Thus, with reference to Fig. 9, a temporary restricted space 218 is seen, thus
extending flowpath 101 between the inner surface of displaceable flexible
elastomeric membrane 201 and the outer surface of valve body 202. As a result,
flowable substance 100 can pass through this temporary constricted space, created
by positive pressure upon flowable substance 100 as a result of a user actuating
dispensing pump 300, as described above.
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Fig. 9 also depicts ports 208. These can be implemented in a variety of ways. Thus,
Figs. 11a, 11b, 11c and 11d respectively depict various alternative exemplary
embodiments of port(s) 208 that can, for example, be used. For example, port(s) 208
can be perpendicular to the central axis of valve body 202 as shown in Fig 11a.
Alternatively, as shown in Fig. 11b, port(s) 208 can, for example, be angularly
skewed relative to the central axis of valve body 202, or as shown in Fig. 11c, the
distal end of port(s) 208 can, for example, be formed with an inclined sloping edge,
so as to help direct flowable substance 100 between elastomeric membrane 201 and
valve body 202 with less pressure. Further, as shown in partial cutaway sectional
view Fig. 11d, the angulation or form of port(s) 208 can, for example, be articulated
so as to direct flowable substance 100 in a helical manner from port(s) 208 towards
outlet orifice 204, so as to flow more efficiently. Finally, for example, the positioning
of port(s) 208 can be staggered along the central axis of valve body 202 so as to
control the direction of flow of flowable substance 100 from port(s) 208 to outlet
orifice 204.

Returning to Fig. 9, in exemplary embodiments of the present invention, a valve
cover 209, preferably made with rigid plastic (for example, high density
polypropylene), can, for example, encircle and protect elastomeric membrane 201
from external influences. Valve cover 209 can, for example, be spaced radially
outward, away from the outer surface of elastomeric membrane 201, and can have,
for example, an inner layer 210 of elastomeric material extending axially to and
beyond the outlet end of valve body 202 and elastomeric membrane 201. The
elastomeric material of said inner elastomeric layer 210 can, for example, form a soft
elastomeric valve tip 211 of increased thickness over the outlet end of one way
dispensing valve assembly 200, which can be particularly advantageous when the
valve assembly is used for dispensing an eye care solution, for example. This is
because such a soft elastomeric valve tip 211 can, for example, prevent potential
damage should it inadvertently make contact with an eye.

Inner elastomeric layer 210 and valve tip 211, can, as shown in Fig. 8c, be integrally
adjoined and become a part of valve cover 209 by first molding plastic valve cover
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intentionally have the molded part remain captured within, for example, the A side of

the mold when the mold opens, and to then substitute a (second) alternate B side of

the mold to facilitate overmolding a second material onto the first. The inclusion of

molded spacer rib 217 features on the (inside of) the valve cover 209 can, for

example, enable valve cover 209 to be spaced away from the (second) alternate B

side of the mold, thereby controlling the position of valve cover 209 within the closed

mold when overmolding the inner elastomeric layer 210.

Returning again to Fig. 9, in exemplary embodiments of the present invention a clear
space 206 can be provided between elastomeric membrane 201 and inner
elastomeric layer 210. Clear space 206 can have, for example, a controlled
clearance so as to limit the expansion of elastomeric membrane 201 when a metered
volume of flowable substance 100 is dispensed through outlet orifice 204, as
described above. Itis noted that in exemplary embodiments of the present invention
the material forming outlet orifice 204 can, for example, be arranged or formulated so
as to not absorb flowable substance 100. Additionally, as noted, the constriction of
elastomeric membrane 201 upon the outer surfaces of the valve body 202
immediately reseals the temporary extension of flowpath 101 upon cessation of
positive pressure upon flowable substance 100. Thus, any flowable substance 100
entering outlet orifice 204 can be ejected and cannot return into the temporary space
between the inner surface of elastomeric membrane 201 and the outer surface of
valve body 202.

In exemplary embodiments of the present invention, as shown in Fig 9, the distal
surfaces of elastomeric membrane 201, through which flowable substance 100 exits,
can be arranged so as to be in intimate physical contact with the inner surface of the
elastomeric valve tip 211, thus confining and directing the entirety of flowable
substance 100 through outlet orifice 204. In this context the term “intimate physical
contact’ is understood to include surfaces that either touch or have an interference fit;
thus, for example, the external surfaces at the distal end of elastomeric membrane

-21-



WO 2011/ 126569PCT/ US2011/ 000631 b) Hyal uronic Acid based vasodil at or
containing solution for nasal decongestion in nulti-dose preservative-free
del i very wopbeamee{s8D- HA based saline) WOVEN S HEALTH  pa)/usy@hieomsi ¢ Aci d
(3D-HA) based anti-fungal oi ntnent containing PHVB; propyl eneglycol-free
product in nmulti-dose preservative-free delivery systens b)

o 2O cER ARk el ffdThate el @%ﬁ“?‘*’"*@%“%?‘l"ﬁ“?z’%% et 7 000631
216 prowdegd mthr)\e inner po?tlon of e%astomerlc valve tip 211. Given such a
configuration, all flowable substance 100 exiting the elastomeric valve tip can be
directed to, and be ejected from, outlet orifice 204 and thus cannot divert into clear
space 206. The interoperability of clear space 206 and receiving receptacle bore 216
at the same time allows the creation of temporary restricted space 218 with a
reasonable amount of pressure applied to the flowable substance, and yet at the
same time insures that such flowable substance cannot “spill over” into said clear

space 206 upon ejection.

In exemplary embodiments of the present invention, the thickness of elastomeric
membrane 201 need not be uniform. The membrane wall can, for example, as
shown in Figs. 8 and 9, become progressively thinner at the distal end, or, for
example, as shown in Fig. 10, become progressively thicker at the distal end, in
vafious exemplary embodiments. This is due to the fact that some flowable
substances 100 are best dispensed, and the valve assembly best resealed, where
the thickness of the elastomeric membrane increases distally; in other contexts, an
exemplary valve assembly operates best where the thickness of elastomeric
membrane 201 decreases distally. In general, this feature will be a function of the
inner pressures created in the pump and valve, the viscosity and density of the
flowable substance 100, the size of the pumping chamber and the related desired
size of dispensed metered amount of flowable substance 100, and is thus a design
and application dependent parameter.

With reference to Fig 12a, clear space 206 can, for example, have one or more vent
openings 213, said vent opening(s) 213 passing as a channel or channels extending
radially outward between the compressed mating flanges 212 of elastomeric
membrane 201 and the adjacent inner elastomeric layer 210. Such vent opening or
openings 213 can, for example, ensure that clear space 206 does not experience an
increase or decrease in pressure as elastomeric membrane 201 expands and
constricts. It is noted that such an uncontrolled underpressure in clear space 206, at
a time when flowable substance 100 is being ejected towards outlet orifice 204, could
cause flowable substance 100 to be sucked into clear space 206 and thus be
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diverted away from being ejected through outlet orifice 204, an obviously undesirable
occurrence.

Alternatively, as shown in Fig. 12b, one or more vent openings 213 can pass through
the walls of valve cover 209 and its inner elastomeric layer 210, allowing clear space
206 to communicate with ambient outside space. It is noted that the exemplary
implementation of vents 213 as shown in Fig. 12a is easier to mold, as such vents
can be molded without mold side action, as opposed to the implementation of vents
213 depicted in Fig. 12b which require molding with side action in the molding tool.

Returning for a moment to Figs. 7a and 7b, it is noted that when flowable substance
100 passes from the temporary restricted space 218 it communicates through outlet
channel 215 to be expelled from outlet orifice 204. Outlet channel 215 and outlet
orifice 204 can, for example, as shown in Fig. 7a comprise a narrow constricted path
such as a pinhole of small diameter such as, for example, 0.007" - 0.020", such as is
used as the diameter of a fine hypodermic syringe needle. Using such an outlet
channel, if one squeezes quickly a stream is dispensed, but if the flowable substance
is more slowly expelled, then a drop or series of drops will result, as described below.

It is further noted that the details of valve tip 211, outlet orifice 204, nipple feature
203, and terminating surface feature 205, can, for example, alternatively be
configured in various other ways so as to produce specific desired droplet sizes, as
next described. For example, as shown in Fig. 13a, an exemplary outlet orifice 204
can be provided with a concave termination 214, specifically sized and shaped to
achieve an appropriate surface tension relative to the viscosity and density of
flowable substance 100, so as to hold an exemplary droplet 217 as it is being
dispensed, until such droplet sufficiently increases in volume such that its weight
overcomes its surface tension, thus enabling the droplet to self-release from valve tip
211. Concave termination 214 can, for example, be approximately 0.5 mm in
diameter to controllably produce droplets of a desired volume of, for example, 20 to
30 microliters. Alternatively, concave termination 214, as shown for example in Fig.
13b, can be larger, such as, for example, approximately 1.0 mm in diameter, to
controllably produce larger droplets, such as, for example, of 40 to 50 microliters.
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Continuing with reference to Figs. 13a and 13b, outlet channel 215 can communicate
through a concave termination 214 to outlet orifice 204. Outlet channel 215 can be
tapered over its length, from a narrow restrictive proximal entrance aperture to a
larger distal exiting aperture (adjacent to concave termination 214), so as to slow the
velocity of flowable substance 100 passing through it. As is known, the velocity of a
fluid decreases as the diameter of a channel through which it passes increases.
Therefore, an outlet channel 215 which increases in sectional area toward its distal
end can effectively reduce the velocity of expelled flowable substance 100 from a
stream to the controlled dispensing of individual droplets. In some exemplary
embodiments of the present invention, outlet channel 215 can be, for example,
0.015" in diameter at its narrowest (proximal) point and increase in diameter to, for
example, 0.030" in diameter at its widest (distal) point. Such exemplary
embodiments can also include a protruding nipple feature 203 and a sharp edged
terminating surface feature 205, to provide additional control of the size and volume
of individual dispensed droplets, as described above with reference to Figs. 7a and
7b.

Continuing with reference to Figs. 13c and 13d, valve tip 211 can also have, for
example, a slotted outlet orifice 204, which can be useful to expel, for example,
thicker fluid substances, such as gels or creams, in a ribbon like manner. Slotted
type outlet orifice 204 can, for example, be produced by slitting a flexible
thermoplastic elastomeric material such that the outlet orifice is normally closed and
then spreads to open when pressure is applied upon flowable substance 100.
Alternatively, as shown in Fig. 13d, valve tip 211 can, for example, have an outlet
orifice 204 comprised of a linear array of interconnected semi-circular slits, which can
be useful, for example, to expel solutions in a mist. It is noted that the configurations
of Figs. 13c and 13d can, for example, be designed, in exemplary embodiments of
the present invention, so that the distal flattened portion (essentially a duckbili shape)
comprises approximately 1/3 of the overall valve tip. Moreover, the flat incision of
Fig. 13c, or the set of hemispherical incisions of Fig. 13d, should extend form the tip
of the valve down to where the outlet channel begins in, for example, Fig. 13a, such
that instead of a small cylindrical outlet channel traversing the distance between the
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distal end of the valve cover and the outlet orifice, instead an outlet slit is used.
When a flowable substance under pressure is expelled from the valve, it oscillates
within such slit, much like air oscillating along the reed of a woodwind instrument
(e.g., oboe), and a ribbon like discharge of the cream or viscous flowable substance
results.

Alternatively, as shown, for example in Fig. 13e, elastomeric membrane 201 can, for
example, extend completely through valve tip 211 (here shown provided with
receiving receptacle bore 216) so as to expel flowable substance 100 directly from
the temporary space 218 between valve body 202 and elastomeric membrane 201,
rather than through a separate outlet channel 215 and outlet orifice 204. Additionally,
for example, going one-step beyond that shown in Fig. 13e, elastomeric membrane
201 can, for example, extend even beyond through valve tip 211 to serve, as it were,
as its own nipple.

It is noted that these exemplary alternative geometries for outlet orifice 204, outlet
channel 215 and valve tip 211 are not intended to limit the present invention in any
way, but rather are provided to indicate that one skilled in the art can readily adjust
such geometries to achieve alternative desirable characteristics for any particular
expelled flowable substance 100.

It is noted that whereas outlet orifice 204, as shown, for example, in Figs. 7a and 7b,
can be used to control the dispensing of flowable substance 100 as a fine liquid
stream or small droplets, the exemplary outlet orifices as shown in Figs. 13a and 13b
are configured to control dispensing of specific drop sizes as previously described.
Moreover, the less restrictive valve tip configurations as shown in Figs 13c, 13d and
13e can be used, for example, for dispensing more viscous substances such as, for
example, creams or lotions, or for desired larger dispensing volumes, such as, for
example, larger than 50 microliters. Such various alternative configurations are thus
provided as examples, illustrating that the design of valve tip 211 and supporting
structures can be specifically configured in any number of ways so as to facilitate
alternative exiting flow characteristics as may be desirable or appropriate for
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dispensing particular flowable substances 100 relative to, for example, their inherent
viscosity, desired dose volumes or desired application characteristics.

Fig. 14a shows an exploded view of components as can be used to comprise an
exemplary embodiment of a dispensing system according to an exemplary
embodiment of the present invention as depicted in Figs. 1-3, and Figs. 14b and 14c
show such a dispensing system as fully assembled, and broken into fully assembled

subassemblies, respectively.

Figs. 15a and 15b show an alternate exemplary embodiment of the dispensing
system depicted in Figs 1-3. This alternate exemplary embodiment includes, for
example, an integrally molded actuator 302 as a hinged extension of enclosing
housing 600. By extending this extension to various lengths beyond the actuator
302, a mechanical advantage can be obtained, thus making it easier for, for example,
weaker individuals, to push out standard viscosity substances in general, or
compensating for substances with a high viscosity in particular, which can often be
useful and will, in general, be a function of various factors such as, for example,
average age of anticipated user, actual viscosity, frequency of use required for
various flowable substances being dispensed, etc.

It is noted that one skilled in the art can easily envision alternative ways to configure
and assemble the described functional elements to comprise a sealed fluid path
within the delivery system, as well as an integrally formed or assembled enclosing
housing 600 (as shown, for example, in Figs. 15a and 15b).

Figs. 16 show various exemplary embodiments of the one-way valve assembly 200
without the use of a clear space 206 (as shown, for example in Fig. 12a). Because
no clear space 206 is used, there is no need for vent openings 213 (Figs. 12a and
12b) and thus manufacture is much simpler. Because there is no defined air pocket
for elastomeric membrane 201 to expand into as temporary restricted space 218 is
created, a greater pressure may need to be applied to the flowable substance,
depending upon its viscosity. Such greater pressures can be provided, for example,
by a hydraulic (piston type) pump. To further simplify manufacture, Figs. 16b and
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16¢ depict various integrations that can be made in exemplary embodiments of the
present invention. Fig. 16b depicts an exemplary embodiment where no outer cover
is used, and thus the inner elastomeric layer 210 is expanded. Fig. 16¢c depicts a
further integration over that of Fig. 16b, where both the elastomeric membrane 201
and the valve cover 209 have been integrated into the inner elastomeric layer 210,
which now comprises the only other part of the valve assembly besides the valve
body 202. The embodiments of Figs. 16b and 16¢ thus obviate the need for the
outer cover, and thus obviate the need for complex over-molding in manufacture.

In exemplary embodiments of the present invention, the material used for one or
more of soft elastomeric valve tip 211, valve cover 209 and elastomeric membrane
201, can be made bacteriostatic, bactericidal, or both. For example, these materials
can have a controlled amount of anti-microbial ingredients integrally molded,
impregnated, or otherwise placed within the component, such as, silver ions
contained within a ceramic carrier, or sustained-release ionic silver compounds, to
provide at least a 3-log (99.9%) and as much as a 5 log (99.999%) reduction of
colony-forming bacteria, fungi, yeast, molds, and other similar microbial
contaminants. In exemplary embodiments of the present invention, silane-based,
triclosan-based, or other anti-microbial agents suitable for compounding with or
coating plastics can be used, for example, to achieve an equivalent reduction of
contaminants. Additionally, in exemplary embodiments of the present invention, soft
elastomeric valve tip 211, elastomeric membrane 201, valve cover 209, or any or all
of them if desired, can (i) be positively charged so as to repel residual flowable
substance 100, (ii) be hydrophobic by being coated in, for example, Teflon type-
plastics, (iii) have decreased surface tension, (iv) be anti-wetting, or (v) any
combination of the above, so as to repel the flowable substance 100 therefrom.

Additionally, other components of the delivery system can be made, or treated to be,
bacteriostatic, bactericidal, or both, as may be desired. For example, as an extra
precaution, all or a portion of the enclosing housing in which volume reducing
reservoir 500 (Fig. 1) is encased or shielded can be bacteriostatic, bactericidal, or
both, inasmuch as this is the portion of the delivery system that a user would hold,
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and thus where any germs on a user’s fingers or hand would be in frequent contact
with.

Thus, in exemplary embodiments of the present invention, the purity and/or sterility of
the contents can be maintained in a multi-dose, preservative-free delivery system
during use-life. Using, for example, applicable industry standards, anti-microbial
properties of an exemplary delivery system can deliver up to, for example, a 99.999%
(5-log) reduction in colony-forming capability within as little as 2 hours of exposure,
which consistently eliminates any exterior tip contamination during use-life.

Thus, in exemplary embodiments of the present invention, a variety of
pharmaceuticals, cosmetics, food stuffs and other flowable materials can be
dispensed where it is important to maintain them free of contaminants from the
ambient atmosphere. In specific exemplary embodiments of the present invention,
the characteristics of the flowable substance 100 used, its density and viscosity,
frictional forces between it and the inner surface of pumping chamber 301 and inner
core 207, the size of metered volumes to be dispensed, and other specifications
(surface area, sharpness of edge, flatness or concavity or convexity, level of
polishing or smoothness) will be context specific (and, in fact, often customer
specified) and will determine the type, material and dimensionality of one way
dispensing valve assembly 200, dispensing pump 300, check valve 400 and volume
reducing reservoir 500.

As noted, in exemplary embodiments of the present invention, various flowable
substances, including pharmaceuticals, both prescription and over the counter,
nutraceuticals and cosmeceuticals, can be safely dispensed in multi-dose
preservative-free formulations, in a sterile manner, using various embodiments of the
present invention as delivery systems. Exhibit A provides a non-comprehensive
exemplary list of pharmaceuticals that can be so dispensed using exemplary
embodiments of the present invention. Itis noted that some of the pharmaceuticals
listed currently only exist in preparations that do contain preservatives. These can
obviously be reformulated in preservative-free preparations given the use of delivery
systems according to exemplary embodiments of the present invention.
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The above-presented description and figures are intended by way of example only and
are not intended to limit the present invention in any way except as set forth in the
following cltaims. It is particularly noted that the persons skilled in the art can readily
combine the various technical aspects of the various exemplary embodiments
described.
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EXHIBIT A

A. Antiglaucoma Preparations and Miotics

Sympathomimetics drugs are substances that

Apraclonidine

mimic the effects of the hormone epinephrine Brimonidine
(adrenaline) and the hormone/neurotransmitter Clonidine
norepinephrine (noradrenaline). They increase
outflow of aqueous humor through trabecular Dipivefrine
meshwork and possibly through uveoscleral PV
outflow pathway, probably by a beta2-agonist Epinephrine
action.

Aceclidine

Parasympathomimetics drugs act by stimulating
or mimicking the parasympathetic nervous system
(PNS). These chemicals are also called
cholinergics because acetylcholine (ACh) is the
neurotransmitter used by the PNS. They work by
contraction of the ciliary muscle, tightening the
trabecular meshwork and allowing increased
outflow of the aqueous humour.

Acetylcholine
Carbachol
Demecarium
Echothiophate
Fluostigmine
Neostigmine
Paraoxon
Physostigmine

Pilocarpine

Carbonic anhydrase inhibitors lower secretion of
aqueous humor by inhibiting carbonic anhydrase
in the ciliary body.

Acetazolamide
Brinzolamide
Diclofenamide
Dorzolamide

Methazolamide
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Befunolol

Beta blocking agents block the action of Betaxolol

endogenous catecholamines epinephrine

(adrenaline) and norepinephrine (noradrenaline) Carteolol

in particular, on B-adrenergic receptors. They

decrease aqueous humor production by the ciliary Levobunolol

body. Metipranolol
Timolol

Prostaglandin analoguesincrease

uveoscleral outflow of aqueous humor. Latanoprost (Xalatan, Pfizer) Bimatoprost

(Lumigan, Allergan) Travoprost (Travatan,
Alcon) Unoprostone (Rescula, Santen)

Dapiprazole
Other agents
Guanethidine

B. Preservative-free Formulations — Various Uses:

a) 3-Dimensional Hyaluronic Acid (3D-HA) matrix
with increased lubricant activity and anti-irritant
DRY EYE activity generic in multi-dose preservative-free
delivery systems (PF)

a) Timolol generic in multi-dose preservative-free
delivery systems (PF)
GLAUCOMA

b) Timolol with 3D-HA in multi-dose preservative-
free delivery systems (PF)

¢) Brinzolamide with 3D-HA in multi-dose
preservative-free delivery systems (PF)

d) Xalatan using an emulsifier to eliminate BAK in
multi-dose preservative-free delivery systems
(PF)
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ANTI-ALLERGY EYECARE

a) Chromeline (cromoglicic acid) with 3D-HA in
multi-dose preservative-free delivery systems
(PF)

ANTI-INFLAMMATORY EYECARE

a) NSAID Suprofenac with improved
bioavailability in multi-dose preservative-free
delivery systems (PF)

LENS CARE

a) Multi-purpose solution with 3D-HA for lens
care in multi-dose preservative-free delivery
systems (PF)

b) Solution for daily disposable lenses with 3D-
HA in multi-dose preservative-free delivery
systems (PF)

c) Rewetting solution with 3D-HA in muiti-dose
preservative-free delivery systems (PF)

d) Lens Maintenance Solution and a Lens
Rinsing Solution for Daily Lenses for Teenagers
and Athletes of all ages in multi-dose
preservative-free delivery systems (PF)

RHINOLOGY

a) Hyaluronic Acid based saline solution to
moisten the mucosa of the nose in multi-dose
preservative-free delivery systems (3D-HA based
saline)
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Phar maceutical Ingredients, small nol ecul es Restasis Cycl osporin ALLERGAN
Smile Lion Vitamn A E, B, Potassium L-aspartate Tetrahydrozoline
hydr ochl owbae11/1@de0r pheni r ani ne nal eat e, Neosti gnmi ne nerbyhsoifiav@st

b) Hyaluronic Acid based vasodilator containing
solution for nasal decongestion in multi-dose
preservative-free delivery systems (3D-HA based
saline)

WOMEN'S HEALTH

a) Hyaluronic Acid (3D-HA) based anti-fungal
ointment containing PHMB; propyleneglycol-free
product in multi-dose preservative-free delivery
systems

b) Personal/Sexual lubricant (A water-based
cream containing PHMB and 2 non-irritating
hypo-allergic ingredients)
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C. Additonal Products By Type, Activity Commercial Name and

Manufacturer

Type and Functionality

International Product

Active Ingredient(s)

Corporation

Prostaglandin analogues Xalatan latanoprost PFIZER

increase uveoscleral outflow

of aqueous humor Lumigan bimatoprost ALLERGAN
Travatan travoprost ALCON
Xalacom latanoprost, timolol PFIZER
Rescula unoprostone SANTEN

Beta blocking agents Cosopt timolol dorzolamide MERCK & CO

decrease aqueous humor

production by the ciliary body.  Blocadren timolol MERCK & CO

They block the action of

endogenous catecholamines ~ Timoptol timolo! SANTEN

epinephrine (adrenaline) and

norepinephrine Betopﬁc betaxolol ALCON

(noradrenaline) in particular, . .

on B-adrenergic receptors. Timolol timolol ALCON
Mikelan carteolol OTSUKA
Hypadil nipradilol KOWA
Rysmon timolol KISSE!I YAKUHIN
Carteol carteolol B&L

Carbonic anhydrase inhibitors  Azopt brinzolamide ALCON

lower secretion of aqueous

humor by inhibiting carbonic Trusopt dorzolamide MERCK & CO

anhydrase in the ciliary body.
Diamox acetazolamide BARR PHARMA
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URSAPHARM Bal anced Salt Sol ution Soft Santear BSS, potassium sodi um SANTEN
Surfactant Lacri-lube Mneral O1l, Wiite Petrol atum ALLERGAN WHAT IS
CLAI MED: W@ 20eli2vepy system for pure or sterile substanees;use@npoicsi Ng:

Global Dry Eye
Syndrome (DES) International Product Active Ingredient(s) Corporation
Products
Other Polymers that | Celluvisc Carboxylmethylcellulose Sodium ALLERGAN
retent water on the
comea Refresh Carboxymethylcellulose Sodium ALLERGAN
Mytear combo SENJA PHARMA
Systane Polyethylene Glycol 400, Propylene Glycol | ALCON
Refresh Tears Carboxymethylcellulose Sodium ALLERGAN
Carboxymethylcellulose Sodium,
Genteal Hypromellose NOVARTIS
Hydroxypropyl Methylcellulose, Dextran 70,
Tears Naturale Glycerin ALCON
Viscotears Carbomer NOVARTIS
Isopto Naturale Hydroxypropyl Methylcellulose, Dextran 70 | ALCON
Artelac Hydroxypropyl Methylcellulose B&L
Rohto Povidone ROHTO CORP
Refresh Liquigel Carboxymethylcellulose Sodium ALLERGAN
Hypromellose Hydroxypropyl Methylcellulose VARIOUS GENERICS
Active Restasis Cyclosporin ALLERGAN
Pharmaceutical
Ingredients, small Smile Lion Vitamin A, E, B, LION
molecules Potassium L-aspartate
Tetrahydrozoline
hydrochloride, Chlorpheniramine
maleate,
Neostigmine
methylsulfate
Hyaluronic Acid, Hyalein Hyaluronic acid SANTEN
polymers that retent
water on cornea Opelead Hyaluronic acid SENJA PHARMA
Hylo Comod Hyaluronic acid URSAPHARM
Balanced Salt Soft Santear BSS, potassium, sodium SANTEN
Solution
Surfactant Lacri-lube Mineral Oil, White Petrolatum ALLERGAN

-35-




a continuously sealing one way di spensing val ve assenbly; a di spensing
punp; a check val ve; and a vol une reducing reservoir, wherein the
val ve asswohbii/izesegsommuni cably connected to the di spensipag/ustemioodsse

di spensi ng punp conmuni cably connected to the check val ve, and the check
val ve conmuni cably connected to the vol unme reducing reservoir,

and wherein said each of said connections is sealed so as to create a

securewﬁgq-hgﬁ AL h Within said delivery system 2. The delivery system
of claim1l erein said secure sealed flowpath is arranged to isol ate and
protect the pudelivery systemifer purestrstarie substancesdcomptiging:f r om i ngress of

external cont f m 1, wherein the
conponent s C(?aéln&r{lﬂgpé&sh{ ﬁéa" y](ﬁ.' g‘ﬁ%yﬁv\% P%@E’gﬁﬁ%&%&myh one or nore

mat eri al s thadlspmr@ purbprrier to external contam nation, including at

| east one of statlc and/ or bactericidal materials and coatings. 4.
The delivery as%cg 8|%| m 1, wherein the delivery systemmaterials and

assenbly mnet mdsumeeemm@wménmu provi de a barrier against noisture vapor
or oxygen penetration. i ver } mof claim1, wherein the

di spensi ng pdfFTeBT value aés?ﬁ]ﬁg 'ﬂ§°@ ly "a‘H}S\eSi?rdatStﬂ%? {isee3iRgd o
di Spe@ﬁm@thﬁa@l%@ﬁlrﬁﬁw C@ﬁﬁnﬂJrﬁGﬁ'tﬂy @6nrﬁs!c%d fo&h& ehetiavdide, arfl théhe delivery

systemof claiml erein the p g chanber conprises opposing surfaces

with FRECHAIVE EomBnicably qsm@mé tp#ﬂ? M@!y@edeﬁv%les reR@FYNy act uati on.

and wherein said each of said connections is sealed so as to create a
secure sealed flowpath within said delivery system.

2. The deiivery system of claim 1, wherein said secure sealed flowpath is
arranged to isolate and protect the pure or sterile substance contained within from
ingress of external contaminants.

3. The delivery system of claim 1, wherein the components comprising the
sealed flowpath are made with one or more materials that create a barrier to external
contamination, including at least one of bacteriostatic and/or bactericidal materials
and coatings.

4. The delivery system of claim 1, wherein the delivery system materials and
assembly methods are arranged to provide a barrier against moisture vapor or
oxygen penetration.

5. The delivery system of claim 1, wherein the dispensing pump comprises a
pumping chamber, appropriately sized to dispense a metered volume of a pure or
sterile substance.

6. The delivery system of claim 1, wherein the pumping chamber comprises
opposing surfaces with matched contours to provide intimate contact during
actuation.
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WO 2011/ 126569PCT/ US2011/ 000631 7. The delivery systemof claim1, wherein
t he punpi ng chanber is actuated by an actuator to displace a specific

vol ume ofwbl2omakbsosubst ance out through the check val vecirniseottiloeosshanber .
8. The delivery systemof claim7, wherein said actuator is ergonomcally
configured as one of a button, paddle and button feature on a paddle. 9.
The delivery systemof claim7, wherein the actuator provides a 1:1 or
greater force upon the punping chanber. 10. The delivery systemof claim
7, whétei n t hidexdalivarymystem obelaingdr whered the purerind shamber isasgiated paddl e to

provi i C Y ; I y system of

cl ai m%g,a?h er%%foscg{s%gg%gghgﬁﬁc rgrél{" ﬁ{gdéﬁﬁwgh%d%wgg%gaogﬂgggb%ﬁ her noseal ed

wel ds chedck ealyendnthe cdranbesss fits, two-shot nol ding or overnol di ng,

conpression fits, ultrasonically wel ded assenbly, and adhesi ve bondi ng.

12. The delivery systemof claim1l, further conprising a septumthat

creat &s a porTmhel ddlivedrsystens efitlaitn Bawhemin Sait \wetratdriis emgdnemieallyi r onnment and
to said

the portion of said.flowath wthin said_reservoir d proxi mal

check Soufigited as St g tllon eaddie gbd bifteR fealdiErgma pafdFe n said pure or
sterile substance is a preservative-free nulti-dose fornmulation of a

phar mgceuti cal , truaceutical or_cosneceytical. 14. The delivery system
of cl&m 13,%&‘? VRYSH® %8?@36‘? 75Y"E?ﬁﬁ"b“’§tﬁfi'f%{ﬂ%%r°i"§je§apﬁ Lrvative-free
ant i - greateofPee Bt theipunpiig Bharhbér. 15. The delivery systemof claim1,
wherein the continuously sealing one way di spensi ng val ve assenbly

conpri ses: a val ve body;
10. The delivery system of claim 7, wherein the actuator is configured as an

extended overhanging paddle to provide a mechanical advantage of at least 2:1.

11. The delivery system of claim 4, wherein said assembly methods include at
least one of thermosealed welds, interference or press fits, two-shot molding or
overmolding, compression fits, ultrasonically welded assembly, and adhesive
bonding.

12. The delivery system of claim 1, further comprising a septum that creates a
portal to and a sealed barrier between the outer environment and the portion of said
flowpath within said reservoir and proximal to said check valve.

13. The delivery system of claim 1, wherein said pure or sterile substance is a
preservative-free multi-dose formulation of a pharmaceutical, natruaceutical or
cosmeceutical.

14. The delivery system of claim 13, wherein said pure or sterile substance is a
preservative-free anti-glaucoma medication or miotic.

15. The delivery system of claim 1, wherein the continuously sealing one way
dispensing valve assembly comprises:
a valve body;
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an inner core; one or nore ports; an elastoneric nmenbrane tightly covering
the inner core and the one or nore ports; an axially extendi ng val ve cover;
an out | etwohanmebsevand an outlet orifice. 16. The del i veryssysioemwsof cl ai m
15, wherein the elastomeric nenbrane is continuously sealing. 17. The
delivery system of claim 16, wherein, under positive pressure applied to
the pure or sfihhbtecotdbstance, a tenporary restricted passageway is created
between (i) an outer surface of the valve body and (ii) an inner surface of
t he el ast onerdng afenerensts; so as to allow the pure or sterile substance to

T6.  The del Vo5 S0 RAR bl yb 0By iy (b i egR AU B Cred
passageway i gnomermisat el y cl osed and seal ed over its | ength against ingress

of external Ca%”éﬁéﬂé“e%{?%r?di%%’lwr&oxt/ e tenporary flowpath upon the absence of
n the

positive pressure re or stérile substance. 19. The delivery
system of cl amoutiet cidraretiand he el astoneric nenbrane varies in thickness
distally, bei ng GH EheF (i) thicker at its distal end and thinner at its
proxi mai end, @Ot E PYM%hi nner at its distal end and thicker at its proxi mal
end. 20. The delivery systemof claim 16, wherein the continuously sealing

one di spensi ng. val ve, assenbl urther conprises a soft el astoneric
val v\é\%' p. gl%_e ﬁ'@e'a'ews%? )9?995{ é%\ é] e@"hﬁﬁ%@%§t°m89é'ﬁm?fﬁge\}%| ve cover
conpr iceAindbusiyledlingit er | ayer and a flexible inner elastomeric |ayer.

17. The delivery system of claim 16, wherein, under positive pressure applied
to the pure or sterile substance, a temporary restricted passageway is created
between (i) an outer surface of the valve body and (ii) an inner surface of the
elastomeric membrane, so as to allow the pure or sterile substance to exit from and
be dispensed through the outlet channel and outlet orifice.

18. The delivery system of claim 17, wherein the temporary restricted
passageway is immediately closed and sealed over its length against ingress of
external contaminants through the temporary flowpath upon the absence of positive
pressure on the pure or sterile substance.

19. The delivery system of claim 16, wherein the elastomeric membrane varies
in thickness distally, being either (i) thicker at its distal end and thinner at its proximal

end, or (i) thinner at its distal end and thicker at its proximal end.

20. The delivery system of claim 16, wherein the continuously sealing one way
dispensing valve assembly further comprises a soft elastomeric valve tip.

21. The delivery system of claim 15, wherein the valve cover comprises a rigid
outer layer and a flexible inner elastomeric layer.
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WO 2011/ 126569PCT/ US2011/ 000631 22. The delivery system of claim 21,
wherein said val ve cover is manufactured using doubl e shot nol ding such

t hat the wogoth/edeer | ayer is nore durable than the innecralsasiti@imsi C
| ayer. 23. The delivery systemof claim20, wherein said soft elastoneric
valve tip is at | east one of bacteriostatic, bactericidal, or both. 24.

The deji very mé%&.% gﬁ{e?ﬁ ¥ &igim %ewﬁér@.raéa.a Qark c%Qér @fmérh}faétﬁie@ one or

nore ports, sal I"ast oneric nenbrane, (iii) said outlet channel, and
(iv) seing leeshqsmqldlog suele that theorgid ouirs layertsatose dyeabla then thect er i ci dal
or bo very system of claim15, wherein said one or nore
portst"ghre at t?rﬁg@ggﬁa of : perpendicular to a central axis of the valve
body, angularly skewed relative to the central axis of the val ve body,

forTogau th Fhel QLRSS ROt 0ire 8 ALreh Bkl <Ok SittorRlfk 808 y3ia00°r

al ong The centra va rvery sy tem of claim
15, watieashondef Facieriastatiocn badtedeidal, onbothr nore ports is articulated so as
to direct flowin a helical manner towards the outlet channel. 27. The
delivery systemof claim 15, wherein the inner core is arranged to either
(i) ex4end dimeadellyezbyesy@tmhbhdammesoJVhemrreatpeastmnecrrf (i) isaid dr&srasri nat e

substanti al | the. distal end of t rts,. The delivery
syst efMYe POft 1@5 E@Q SRR MenRiaRe \%&'}/sﬁ'ss%’élﬁgo r@gp\/ng (3@§8'ﬁbl y further
conpr ickét érifick ¢ at least sHecof iRtervsaiticUbageleyaINer bth. val ve tip. 29. The
delivery system of claim28, wherein the ni ppl e feature conprises a

termnating surface feature.
25. The delivery system of claim 15, wherein said one or more ports are at

least one of:
perpendicular to a central axis of the valve body,
angularly skewed relative to the central axis of the valve body,
formed with an inclined sloping edge at their distal end, and
staggered along the central axis of the valve body.

26. The delivery system of claim 15, wherein the angulation of said one or
more ports is articulated so as to direct flow in a helical manner towards the outlet
channel.

27. The delivery system of claim 15, wherein the inner core is arranged to
either (i) extend distally beyond the one or more ports, or (ii) terminate substantially

at the distal end of the one or more ports.

28. The delivery system of claim 20, wherein the one way dispensing valve
assembly further comprises a nipple feature that protrudes beyond the valve tip.

29. The delivery system of claim 28, wherein the nipple feature comprises a
terminating surface feature.
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WO 2011/ 126569PCT/ US2011/ 000631 30. The delivery system of claim 15,
wherein the outlet orifice is an aperture sized for optimal expulsion of a

desired wsbuom/mbsebhe pure or sterile substance. 31. TireTdshén@oys3BySt em
of claim?29, wherein the termnating surface feature is adjacent to and
co-axially surrounds the outlet orifice, and protrudes away from

surroupdi ng  StH @9Ery sydtem Bﬂglgﬂ'gl1§}’ﬁlh¥re‘ﬁ¥ fhregdﬂtl%f or‘éﬁc@: ig?a%galpe‘l’@l?é ein the

term nating surface feature ' I stinct edge and m ni mal" surface area.
33. Tisizeddpi ortinyal oxpulsianaif acdesired2@lurag of terpure er sierila sulistangesur f ace
feature is made from hydrophobic materials to m nimze surface tension so
as to freely release the expelled volune of pure or sterile substance with
m ni n@1. or nad heedsdlivery systemoof claith@8i wherein thedemippling $wiaaerfeaturgis. The
del i ver _cl-ai i cout ] et |k r conprises a
conca\(jag}/atcéﬁn{ona d?%)ng)g@ﬁ%rp%n\ggﬁ 'ﬁ\%ggté t%\?ﬂ?%’hé’}% ({8%'B{iée§§¥v£ﬂréﬁfl e substance
i s di speosekding s@facebhe del i very system of any of claim 34, wherein the
concave termnation is sized and shaped to achieve an appropriate surface
tension relative to the viscosity of the pure or sterile substance. 36.
The dei very Thesdetiveyfsystemn of Slaim Bbewhereir fhe tommihating harfavel featuré apered to
contrg‘:a the velo it% (gf .t he fIEc])wabI e substance as it is dispensed. 37. The
del i v&R§ aJstinehedge apd minimal sudacgateac onpr i sing at | east one vent that
provi des air communi cati on between atnospheric pressure and a space between
t he ouyter surface of the el astoperic nbrane and the inner_surface of the
val ve Sover . h@&ffe"’fﬁré( Eem e 9'3593%\?5%@"&%%tﬁ’i’@'??t'r\‘/ﬂ"u%‘l"@% feaiue fent s are
at | easddeoém BlydfdphoBicthateRhRS miRinfizé s tehfign 3%i 3! th)fredlf Rilsay val ve
cover and a space arranged ) ] o )

the expelled volume of pure or sterile substance with minimal or no residual amount

adhering to the nipple feature.

34. The delivery system of claim 15, wherein the outlet orifice further
comprises a concave termination at its tip through which the pure or sterile substance
is dispensed.

35. The delivery system of any of claim 34, wherein the concave termination is
sized and shaped to achieve an appropriate surface tension relative to the viscosity
of the pure or sterile substance.

36. The delivery system of claim 34, wherein the outlet channel is tapered to
control the velocity of the flowable substance as it is dispensed.

37. The delivery system of claim 15, further comprising at least one vent that
provides air communication between atmospheric pressure and a space between the

outer surface of the elastomeric membrane and the inner surface of the valve cover.

38. The delivery system of claim 37, wherein said vents are at least one of (i)
protrusions in a side of the axially extending valve cover and a space arranged
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between radially protruding flanges of the elastoneric nmenbrane and the
val ve cover. 39. The delivery system of claim 20, wherein the elastoneric

val ve ti pwooprrwisded with a receiving receptacle bore eoriussotiobe@si or .
40. The delivery systemof claim 39, wherein the outer surface of the
di stal end of the elastoneric nmenbrane is arranged to have a mating fit

Wi th %@M&ﬁ%bﬂ%&ﬁﬁ@a?sg@wtﬁe eldblomafienidRitriRé ¥nd ¥iid @av@f cl ai m 15,

further conprising a c ace provided between the I nner surface of the
val ve co¥&fer and the outer surface of the elastonmeric nenbrane. 42. The
delivery systemof claim39, further conprising a clear space provided
between the inner surface of the valve cover and the outer surface of the
el ast @Reri c riinetrtelivery system Fhaaidel0 wehgreintbealastémetiavaive Bip isherei n t he

f"ntsitﬁ%{%ﬂé%da‘ﬁmaqgcg‘“ﬁ%ﬁ%&ﬁﬂoﬁi@%% W@fn?é?ﬁ)rare arranged so as to be in

physical “Tton € i nner surface of the valve tip, so as to
confine and direct the entirety of the pure or sterile substance 100

e ol et crhianey VafsHh etegunr vl e bud SR b i ind T Cl e

pr oxi iphthecdlastameric amEnbrane is arrandat Wataveisinating ki with theareeeivinge so as to

sl ow t he YeIOEity of a substance passing through it. 45. The delivery

syst effPRIEPAE44 wherein the outlet channel increases in sectional area
toward its distal end. 46. The delivery systemof claim 15, further
conprising a_renpvabl e over cap, wherein said qverc is treated, enbedded
or codiled wi tHeARlVERiSYPEH afC'g'HgF@JP@E@%‘?QWKE"}Q}&f?é%éé%mﬂlggéon/ 000631
47.  Thgtpdn thelinhe?$BHEER Of the \alva dover YAG tRI dutePsGHAIAGT tREBlsforR@Er ane i s
one of (i) assenbled onto the valve body, and (ii) over-nolded directly

ont o TENFANGe body using a non-bondi ng separabl e pol ymer with nol di ng
shrinkage to achieve a tight and intimate shrink fit.

42, The delivery system of claim 39, further comprising a clear space provided
between the inner surface of the valve cover and the outer surface of the elastomeric
membrane.

43. The delivery system of claim 15, wherein the distal surfaces of the
elastomeric membrane are arranged so as to be in intimate physical contact with the
inner surface of the valve tip, so as to confine and direct the entirety of the pure or
sterile substance 100 through the outlet orifice.

44, The delivery system of claim 15 wherein the outlet channel is tapered over
its length, from a narrow restrictive proximal entrance aperture to a larger distal

exiting aperture so as to slow the velocity of a substance passing through it.

45. The delivery system of claim 44 wherein the outlet channel increases in

sectional area toward its distal end.

46. The delivery system of claim 15, further comprising a removable over cap,
wherein said overcap is treated, embedded or coated with anti-microbial ingredients.
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48. The delivery systemof claim47, wherein the tightness of the fit of
the el astoneric nenbrane over the outer surface of the valve body can be
made si gmwbizeanizbseohi gh so as to insure proper reseal i ngcTaiszéig/oaic3t he sane
time not be so high so as to make it inpractically difficult for a user to
push a substance through the valve 49. The delivery system of claim48,

wher eigy t he efrRsddlver/ §ys[€?ﬁ%\" 8afn 18, WRERIA &aif 'eias%}ﬁ :‘?é n@rabréﬁégsts lvely

tightly over the valve "body for di spensi ng viscous flowabl e substances and

(i 1) reneafi(yapsemied optajthelvalvedhody, ape (diavgr-metded @lc@qtlymnbptr@t\@lwﬁ aqueous
flui ds’oody using a non-bonding separable polymer with molding shrinkage to achieve a
tight and intimate shrink fit.

48. The delivery system of claim 47, wherein the tightness of the fit of the
elastomeric membrane over the outer surface of the valve body can be made
significantly high so as to insure proper resealing, while at the same time not be so
high so as to make it impractically difficult for a user to push a substance through the
valve

49. The delivery system of claim 48, wherein the elastomeric membrane is
made to fit one of (i) relatively tightly over the valve body for dispensing viscous
flowable substances and (ii) relatively less tightly for dispensing individual droplets of
aqueous fluids.
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