PUNCTAL PLUGS FOR THE DELI VERY OF ACTI VE AGENTS Field of the

I nventi on 5The present invention relates to devices suitable for

del i vering substances to one or nore of the eye, nose and throat. In
particular, the invention relates to punctal plugs for delivery of at
| east one active agent. Related Applications 10This application

clai ms prior M3 pr ovi si onal application United Sgg?’g%m@@?lﬁl No.
60/ 805, 378 filed on June 21, 2006. Background of the Invention Human
tears are secreted by the lacrimal gland and fl ow across the surface
of 15 the eye to a shallow pool, known as the lacrimal |ake, |ocated
where the eyelids come together at their,inner ends. Fromthere, the
tears drain through small openings in each of the upper and | ower

eyelids, ternmed the supeITAQIpIlRH tRTHPBRENHRGOE ALRE/E AGENTOT
| acri mal punctum respectively. Fromthe superior and inferior

puncta, the tears pass into each of_ the superior and inferior
|l acrimal 20 canalicul us, respectivEEY ofisiBBIRe duct-1i ke pathways

that |ead to the | acThdpdse@atrentibheldicRCd deREs sGdblel (6r delMriBEIRBtAREs to
expanded portion of the fr][gsol acri mal whi ch draips tears into

duct, W
the nasal syste"® AJPI08 Ay M9 CEE thfor?g gin BRIl WP eI it nose and
t hroat through tpoectdl aimgs foedelieapnaf at Eest bye aofiveapenk.ead i nto t he
nasol acri mal duct.
Related Applications
10 This application claims priority from provisional application United States

Serial No. 60/805,378 filed on June 21, 2006.

Background of the Invention
Human tears are secreted by the lacrimal gland and flow across the surface of
15 the eye to a shallow pool, known as the lacrimal lake, located where the eyelids
come together at their inner ends. From there, the tears drain through small
opcnings in cach of the upper and lower cyelids, termed the superior lacrimal
punctum and the inferior lacrimal punctum, respectively. From the superior and
inferior puncta, the tears pass into cach of the superior and inferior lacrimal
20 canaliculus, respectively, which are duct-like pathways that lcad to the lacrimal sac,
The lacrimal sac is the superior, expanded portion of the nasolacrimal duct, which
drains tears into the nasal system. Active agents can thus be delivered to the nose

and throat through the lacrimal canaliculi, which lead into the nasolacrimal duct.

25 Active agents frequently are administered to the eye for the treatment of
ocular discascs and disorders. Conventional means for delivering active agents to
the eye involve topical application to the surface of the eye. The eye is uniquely
suited to topical administration because, when properly constituted, topically applied
active agents can penetrate through the cornca and rise to therapeutic concentration

30 levels inside the eye. Active agents for ocular diseases and disorders may be

administered orally or by injection, but such administration routes are



25Active agents frequently are admnistered to the eye for the
treatment of ocul ar di seases and disorders. Conventional neans for
delivering active agents to the eye involve topical application to
the surface of the eye. The eye is uniquely suited to topical

adm ni strati on because, when properly constituted, to ically apPIied
active agent AN $Bet rate through the cornea and ri $eTPHU7/071520

t herapeutic concentration 30 |levels inside the eye. Active agents for
ocul ar di seases and di sorders may be adm nistered orally or by

i njection, but such adm nistration routes are 2 disadvantageous in
that, in oral admnistration, the active,agent may reach the eye in
too Il ow a concentration to have the desired pharmacol ogi cal effect
and their use is conplicated by significant, system c side effects,
whi | e i nj ect i onsliggdgataganes ip that ingiral Bdmipisigtion.ofc active agentTmg rosel) e ¢ey  of
ocul ar active agRrbJovdd &nbdatrhRAtd tavaRE HUREE R RRISENal HebtShd BB YR is
drops which, though eff sone. applications, are inefficient.

ctive for Jons,. |
When a drop of I‘Pﬂfﬂlilcﬂtefi gy %@H’gﬁ“% YSERE 5@9 fectsy whilg dnigctipspogeiffas risk of
conjunctival sadnfeétiie pocket 10 between the eye and the |ids, causing
a substantial portion of the drop to be | ost due to overflow of the
lid margin onto the cheek. In addition, a substantial portion of the
drop that renmi ns onThchamj@tubfaculsuci@agenissrauatmiedelivated tophaly wagi mal

puncta, dilutin nee t 0, h nug. Brief. ription
of the Draw ngs%yé lﬂ‘a’p ﬁ%‘%ﬁ‘?@@ elffés%ﬂge_glé%){llg § élﬁgl\ﬁ’fl%%eéﬁeﬁ{amf%ﬁnc “a pl ug
havi ng a body 1Giremiof Hquithis adred kogbiicys.atpverflls the cemictival eediraporket 15

within the bagy yl@Q .t @Egﬁﬁtﬁ& A&, Bui sTBskdnfal FREET dfthe dhdp tb Bfost duc
contains active agent 18. The reservoir 15 has_an openi rpq 13 through
whi ch the acti vd® %.‘@gh)f” ofgleihg naEginseMQfe chygk. In addition, a substantial portion of the

drop that remains on the ocular surface is drained into the lacrimal puncta, diluting

the concentration of the drug.

15 Brief Description of the Drawings
Figurc 1 is a scctional view of a punctal plug having a body 10 with an
enlarged segment 12 and a reservoir 15 within the body 10 that contains a polymeric
material 1] that contains active agent 18. The reservoir 15 has an opening 13
through which the active agent 18 is released.
20
Figure 2 is a sectional view of a punctal plug having a body 20 with an
enlarged segment 22 and a reservoir 25 within the body 20 that contains a polymeric
material 21 that contains active agent 28. The reservoir 25 has an opening 23
through which the active agent 28 is releaged.
25
Figure 3 is a sectional view of a punctal plug having a body 30 with an
enlarped segment 32 and a reservoir 35 within the body 30 that contains a polymeric
material 31 that contains active agent 38. The reservoir 35 has two openings 33 and
33’ through which the active agent 38 is released,
30



Figure 2 is a sectional view of a punctal plug having a body 20 with
an enl arged segnent 22 and a reservoir 25 within the body 20 that
contains a polyneric material 21 that contains active agent 28. The
reservoir 25 has an opening 23 through which the active agent 28 is
rel eased. 25 Figure 3 is a sectional view of a punctal plug
havi ng a bodyWBIHBF an enl arged segnent 32 and a r eSEFYHPY/03520
within the body 30 that contains a polyneric material 31 that
contains active agent 38. The reservoir 35 has two openings 33 and
33" through which the active agent 38 is rel eased. 3 Figure 4
is a sectional view of a punctal plug haying a body 40 with an

enl arged segnent 42, a reservoir 45 within the body 40 that contains
a polyneric material 41 that contains active agent 48, and a
collarette 44. The rB@wﬁ6@%ﬂ¢ﬂ®nﬁa§W®fanmmwéﬁwﬁgwmgabﬁWngﬁhMMich t he

active agent 48 énﬁré’e@ Le%ﬁélﬁ(h a reservoir b QH}EE the bé dg 4B 1P &ntaRR @bolylhgw of a
punctal plug having a wth an enlarg

reservoir 55 wi tq*ﬁtfﬁla{ﬂéhaééwllﬁﬁcqﬂﬁége“&%ﬁ%arf@““ée“ﬁgﬂy'ﬁ’@r"ﬁ?f"’ﬁﬁf‘%?"l“al 51

t hat cont ai nssachioy@irRd8 Mrouzl whtf theactiRbeal Rtlif Rlekdd. The reservoir 55
has 10 an opening 53 through which the active agent 58 is rel eased.
Figure 6 is a sectional view of a punctal plug having a body 60 with
an enl arged segnent Eigureaisrﬁs&fouﬂivrew%apirkﬂaipluglheinbmﬁbdySOwﬁthaﬁ

contains a pol yne nat er i 61 th nt ai n tive agent 68 and a
collarette 64. %‘f P ‘r“%%?? 65 nhas gﬂg%‘% 5k dgr??ﬁhg"s""é@m AgeREETLe
t hr ough which t hﬂeatqr@tﬁ Ivtkat eapeirts a@Sfelagcnt £ svlsa@dllarette 54. Thejrgparveir 75 has a

sectional vigy qf BOamg%@§h§&$gﬁyghn@gaﬂﬁ?%mgﬁg%g%%ygade of-a flexible

polymeric materi al reser 75 Wt 70 that is
coterm nous with the body 70, and a collarette 74. The reservoir 75

contains a polyneri CFI%IQ‘C BRlaQEdtBhal Zﬂewtoh@%un&@l}ﬂ@ Ha\%né%dd‘ﬁ%o JgeRt 78,
and the reservoir 75 has an_opening 73 roug e active agent

78 is rel eased. cnlarged sepmeg b2 agospryoln O within G 5ady O B coptains ppfEpsic pi ug
having a body 8Gnatendies1aliat confai Xtk 8gdp0dsy &R raic6lldndk 4.1 Ble resdrvbie 6EKa¥ Oi I

85 within t h‘?s b(%wg opsegm};qh&tancl;l (?3 (%hroug hﬁ‘glthse active agent 68 is released.

Figure 7 is a sectional view of a punctal plug having a body 70 made of a
flexible polymeric material, a reservoir 75 within the body 70 that is coterminous
with the body 70, and a collarette 74. The reservoir 75 contains a polymeric

20 material 7! that contains active agent 78, and the reservoir 75 has an opening 73

through which the active agent 78 is released.

Figure 8 is a sectional view of a punctal plug having a body 80 made of a
flexible polymeric material, a reservoir 85 within the body 80 that is coterminous
25  with the body 80, and a collarette 84, The reservoir 85 contains a polymeric
material 8] that contains active agent 88, and the reservoir 85 has two openings 83

and 83’ through which the active agent 88 is released.

Figure 9 is a three-dimensional view of the punctal plug depicted two-
30 dimensionally in Figure 4 having a body 90 with an enlarged segment 92, a reservoir

95 within the body 90 that contains a polymeric material 91 that contains active



25 with the body 80, and a collarette 84. The reservoir 85 contains a
polynmeric material 81 that contains active agent 88, and the
reservoir 85 has two openings 83 and 83" through which the active
agent 88 is released. Figure 9 is a three-dinensional view of the
punctal plug depicted two- 30 dinensionally in Figure 4 having a body
90 with an eMCHYEF* ¥egnent 92, a reservoir 95 wit hi nPEHESZBBAYSY0
that contains a polyneric material 91 that contains active 4 agent
98, and a collarette 94. The reservoir 95 has an opening 93 through
whi ch the active agent 98 is released. 5Figure 10 is a sectional view
of a punctal plug having a body 100 with,an enl arged segment 102, a
reservoir 105 within the body 100, a collarctte 104, and a tapering,
rounded end 103. The reservoir 105 contains a polyneric material 101
t hat contai ns acimy8s.apbntollaes: 94a de rprevoirdd dpsagiopening 3 Huensh paish Hgs

103 through whi GRtiJeRgent68 i Vfeagtdent 108 is rel eased. 10 Fi gure
11 is a graph depicting the active agent release profile for the
punctal plug of Exanple 2. Figure 12 is a graph depicting

the active agent r el Eigae 1Pis@kédibnal GEw bhepuptin Ghuglhavify Podg 100 witbeanpl e
The pr osent i meehPIESH APy (o8 et e vBr Goe tre Do et 0y
deliver active ageritgs roauaded sl 3. lod hseobirtl dfeconameb pdlyherilmatbuel (et t 0
the tear fluid %]:)ntghr'?se acgyeeefgent 108, and the reservoir 105 has openings 103 through which the
active agent 108 is released.
10
Figure 11 is a graph depicting the active agent release profile for the punctal

plug of Example 2.

Figure 12 is a graph depicting the active agent release profile for the punctal

15  plug of Example 3.

Detailed Description of the Invention and TiHlustrative Embodiments
The present invention provides punctal plugs that can be used to deliver
active agents to one or both of the nasolacrimal duct and to the tear fluid of the eye.
20 In one embodiment, the invention provides punctal plugs comprising, consisting
essentially of, and consisting of: a body having a first end and a second end, a lateral
surface extending between the two ends; a reservoir contained within the body
wherein the reservoir comprises, consists essentially of and consists of at least one
opening and contains a material that comprises, consists essentially of and consists

25 of at least one active agent; and wherein the body is impermeable to the active agent.

Referring to Figure 1, punctal plug body 10 has a reservoir 15 that contains
at least one opening 13 and active agent 18 is released through opening 13, for
example, when the active agent-containing material 11, preferably a polymeric
material, dissolves, degrades, or the active agent 18 simply diffuses or is released

30 from material 11, depending upon the nature of the material. The opening through



20 I'n one enbodi nent, the invention provides punctal plugs
conprising, consisting essentially of, and consisting of: a body
having a first end and a second end; a |ateral surface extending
between the two ends; a reservoir contained within the body wherein
the reservoir conprises, consists essentially of and consists of at

| east one op&W¥Y148¢ contains a material that conpri 8€EUSBBAEFW s
essentially of and consists 25 of at | east one active agent; and
wherein the body is inperneable to the active agent. Referring to
Figure 1, punctal plug body 10 has a reservoir 15 that contains at

| east one opening 13 and active agent 18_is rel eased through opening
13, for exanple, when the active agent- c8nta|n|ng material 11,
preferably a polynmeric material, dissolves, degrades, or the active
agent 18 sinply diffuses or is released 30 frommaterial 11,
dependi ng upon the nature of the material. The opening through 5
whi ch the activ f t a
firet end, as foptanreci ik RGeS AR B, By BB RR AR 2EeF T
Figure 2, or botameiniigustl, amor@@e@ﬁcforeqﬁ@mplmn Higwee Jopuitgthibofrstagd f or

exanpl e shown 'r&edﬁhtgé{fdﬁof?the g &hpm&émﬁl@%@ﬁ ﬁg&é‘i foﬁ% heLeaf -
Preferably, the opening | ocated at one or ot of Irst and

second ends. fn "bréﬁ‘f" fhé“[iP%er refiipbn thiepgingds logatrd af ?W@h‘?qﬂb‘?fthf’fftﬁt agdcanpl e

as shown in Fi gléédbn@endﬁhlﬂp&ﬁaﬂdr@ancFlﬁrH@ltsQﬁﬂieﬁiv&&mﬁrfoﬂﬂhlﬁiﬂQ%d.h&ﬂﬁﬁent
a suitable size an e for secur%ng

32 of the body that is o h

She. punctal pl ugeear tasiRLpR R AL Rk Ges et GRGT DAL PR BPt o
active agent i ntaguitadhle stzeard shdpe ifedt sefiridgtbe @yeral phugp nisd ledrinfal ¢agalicslus.
inserted into a lacrimal canaliculus and the active agent is rel eased
into the tear fluid of the eye. Referring to Figure 4, for delivery
into the tead0fl ui d, Faddotiyaf et acaveddgent sitpthe fegribii of therepy b dedtabpiubiedy

40 of the punct %sa@édlﬁqom@mmmﬁq ﬁmm; aRHRELRle agkrugsrm%ase ﬁﬁrtﬁquar hho

the lacrimal canaliculus, the collarette 44 rests on e exterior of
the 15 lacri mal ohtiaescuielerivg tokigire e dgliventintovhs tog Byit, anCﬁH%ethé is

nasol acri mal  dugteferabliptidcdlon B&d—yl'gloloﬁthb p&Rlal 86l anB g R BhntlePlsY .
into the Iacrlnalaﬁgqgéh£¥lus and the active agent is released into
t

t he nasol acri mal™ orimal cayaliopdys fhegollarette 44rests opdherpriepienel thy

plug" refersiso Izan@&emummﬂ:oadaiva@ ofitivsdpanent® Me 5Mblﬁa&ﬁia€d1fc€)ﬁpunctal
|nsert|on|ntot e.i.nf cr|n'al

' | | h
eye 1 hrough t he PIRFarear BPreRb@RPr ey R nERnd e et '€

is released mto the nasolacrimal duct.

As used herein, the term “punctal plug™ refers to a device of a size and shape
20  suitable for insertion into the inferior or supcrior lacrimal canaliculus of the cye

through the inferior or superior lacrimal punctum,

As used herein, the term “active agent™ refers to an agent capable of treating,
inhibiting, or preventing a disorder or a discase. Exemplary active agents include,
25  without limitation, pharmaceuticals and nutraceuticals. Preferred active agents are
capable of treating, inhibiting, or preventing a disorder or a disease of one or more

of the eye, nose and throat.

30



As used herein, the term"active agent” refers to an agent capabl e of
treating, inhibiting, or preventing a disorder or a disease.

Exenpl ary active agents include, 25 without limtation,
pharmaceuticals and nutraceuticals. Preferred active agents are
capable of treating, inhibiting, or preventing a disorder or a

di sease of oR¥ 8¥71#§#%e of the eye, nose and throat. BCT/US20070N§20ysed
herein, the phrase "a material that is at |east partially

wat er-sol ubl e” refers to a material that exhibits a | evel of
solubility in water sufficient to result in detectable dissolution of
the material upon exposure to an aqueouséenvironnent. 5 As used
herein, the phrase "a material that is brodegradable"” refers to a
material that degrades to a detectable degree upon exposure to

bi ol ogi cal | y active $siwsd bargmshetphpsealniayeripltes emt leishpargabiprada sr-sohGAS
used herein, th%‘efgxlgli@asrgate&l Weﬁﬁlblﬁl sI,JgPt;f s&l%lfltgﬁpvbﬁglsﬁ’ﬁhgnt%&lg

refers to a material that does not |sso ve a substantial degree
upon exposur e t oletggiptde dissolution of the seategiglaiothapesurs o frveueshy gpysonment.

mat eri al thatsis non-biodegradable” refers to a material that does
not degrade to a substanélal degr ee upon exposure to biologically 15
active substances tyff st hgein thedhpse aﬁnaﬁ’ﬁ t &5 biogegradable /P &, t he

phrase "body t ha:hatdri‘él th:maegivarm@b la@etbdabRCdepréCupdd eXtosurd ©fb@ldgickioy a’étl‘b,Ody
t hrough whi ch onl stantial ampunt of active agent can pass.

20As used her ei N>R ‘éesfyg’rc y%ﬁ?ﬁﬁbrp?%m terial" refers to a nmateri al
made of one or nore types of polyners that is capable of containing

at |east one 6‘0“ ve Qﬁn& he dlgtl{c aeS‘dI;IJgt %Hef‘hd?% mlee pIRH&H ttdr” 1chcI1:s to a

exanpl e, when t he po nmer s ve or
material that does not dissolve to a substantla] degree upon exposure to water.

As used herein, the phrase “a material that is non-biodegradable” refers to &
material that does not degrade to a substantial degree upon exposure to biologically

15 active substances typically present in mammals.

As used herein, the phrase “body that is impermeable to active agent” refers

to a body through which only an insubstantial amount of active agent can pass.

20 As used herein, the term “polymeric material” refers to a material made of
one or more types of polymers that is capable of containing at least one active agent
and releasing the active agent, for example, when the polymers dissolve or degrade,
when the active agent diffuses from the polymers, or when a pro-drug is used in
which the active agent is attached to the polymers and then released by being

25 cleaved from the material.

As used herein, the term “opening” refers to an opening in the body of a
punctal plug of a size and shape through which the active agent can pass.
Preferably, only the active agent can pass through the opening. The opening, for

30 example, may be a hole covered with a membrane, mesh, grid or it may be



when the active agent diffuses fromthe polyners, or when a pro-drug
is used in which the active agent is attached to the polyners and
then rel eased by being 25 cleaved fromthe material . As used
herein, the term "opening" refers to an opening in the body of a
punctal plug of a size and shape through which the active agent can
pass. Prefer 3307183482 t he active agent can pass thr oBGHURBE0YFENI ng.
The opening, for 30 exanple, nay be a hole covered with a nenbrane,
mesh, grid or it may be 7 uncovered. The nenbrane, nmesh, or grid nmay
be one or nore of porous, sem -porous, perneable, sem -perneable, and
bi odegradabl e 5 As used herein, the phrase "flexible material™
refers to a material that is not rigid afhd that substantially
conforms to the surface of whatever object the nmaterial contacts.
10As used herein, the phrase "the reservoir and the body are

cot erm nous" i ndj r far t . of the
body. A coIIareg?gﬁggﬁ’Eg%gFﬁgﬁﬁgﬁgﬁgﬁgﬁgmgga&%aﬁéﬁg?ﬁz%#é%g%@oir and
body are cot er mineeus perpgeble, pranipemicahie prddiedsgrrdrbltot consi dered to be
part of the bedy. 15As used herein, the phrase "refilled wth active
agent" refers to adding any detectabl e anount of active agent to the
reservoir of a punct4bUsst e, the phraseriffexiple matersl Wﬁﬁgﬁﬁpﬁﬁngﬂﬁbﬁﬁ%sses
numer ous punct alrigpd 4a@ shaf bstdnhiglydehfbvBiy/the furRed df Whatd@e it the m@ideal OF
both of the tea%oagﬂgd of the eye and to the nasol acri nal

10 As used herein, the phrase “the reservoir and the body are coterminous”
indicates that the reservoir is substantially all of the body. A collarette can be
attached to the body when the reservoir and body are coterminous, but the collarette

would not considered to be part of the body.

15 As used herein, the phrase “refilled with active agent” refers to adding any

detectable amount of active agent to the rescrvoir of a punctal plug.

The present invention encompasses numerous punctal plugs for the delivery

of active agents to one or both of the tear fluid of the eye and to the nasolacrimal

20  duct. The punctal plugs preferably are inserted into the inferior lacrimal canaliculus,
the superior lacrimal canaliculus, or both the inferior and superior lacrimal
canaliculi. If the punctal plugs are being used to deliver active agents to the tear
fluid of the eye, the punctal plugs preferably have a collareite at one end of the body.
The collarette is a portion of the punctal plug that extends radially outwardly from

25 one end of the body to a degree sufficient, and having a size and a shape, such that at
[east a portion of the collarette will extend beyond and be exterior to the lacrimal
punctum after insertion of the punctal plug into the lacrimal canaliculus. Typically,
the collarette will extend about 0.2 to about 1 mm beyond the plug body. The
poition of the punctal plug without the collarette is inserted into one of the inferior

30 lacrimal punctum or the superior lacrimal punctum. Referring to Figure 6, enlarged

segment 62 and body 60 is inserted into one of the punctum, and collarette 64 rests



20 duct. The punctal plugs preferably are inserted into the inferior

| acri mal canaliculus, the superior |acriml canaliculus, or both the
inferior and superior lacrimal canaliculi. If the punctal plugs are
bei ng used to deliver active agents to the tear fluid of the eye, the
punctal plugs preferably have a collarette at one end of the body.
The col | aret WO E188Forti on of the punctal plug that EBKTEWROSOTAY al |y
outwardly from 25 one end of the body to a degree sufficient, and
having a size and a shape, such that at |east a portion of the
collarette will extend beyond and be exterior to the |acriml punctum
after insertion of the punctal plug into_the |acriml canaliculus.
Typically, the collarette will extend ab8ut 0.2 to about 1 mm beyond
the plug body. The portion of the punctal plug without the collarette
is inserted into one of the inferior 30 |acrimal punch- or the
super or ] acr| ey e LHBRor B Ehtin ﬁletuﬁ.'aqwr(&pﬁheﬁmk Sedaggment 62
and body 60 is inserted into one of F unctum a col [farette 64
rests 8  agai rfiprirgflovagtethp beringgl C%WEC“F“&@PF%@“BEW&W% thhernitaldays t he
punctal plug §rogy sk iRPiidofdRMYe istahidilt@, | acrimal canaliculus, so
that contact between the punctal plug 5 and the tear fluid of the eye
i s maintai ned. If the punctal plugs are being used to deliver
active agent to the Hﬂ&@hﬁﬁdl'p]ﬂ@d ardmwtg,usetdh@dqmua&ttale a@dnugshenﬁsblaamhalhave
a collarette so q r@% nierte ‘1& hgflm P

wi thin one or “‘ﬁ ?p‘{“ﬁ Lty H"‘%‘P AT Ear > stch™t gt ‘“'t“h“% c? fve 10
agent is rel easeu&fmmtcdemthmthlaomd aribth oétbe lattimaFcgpeliceB sukh tHat heghiv8 ar e
depi ct ed exanpl I f i l.ve
agont into tho azbls el RiHRYER g8l ALY PLY ool

i nvention each wApwciabilugsyselifl &atdelivery oi aactivhagent aetbe ngselacrinahinst- e,
certain punctal plugs have a body with a first end, a 15 second end,
and a | ateral surface extendi ng between the two ends. The Iateral
surface preferably hae “él?i‘cral{ﬁ%‘PCtﬂlpg’ﬁ‘b?félﬁ" ipsaKon cachdypsrREpHSiE Gtyrep and
circular in shapevaafges. F&usampld)erRyindl Bhugy R ¥bdasiith a Gyt énddh | cal

o1 gs. pref or Al JRAL g BT Gy EP o el Treares TRMThe out er

di anet er of t he suérapmiteblydbs inhetct ditrectalthasissitansiallYWitdnlar @fseapencle t o

Figure 2, thus, the body preferably has a cylindrical shape. A portion of the lateral surface of
certain of the punctal plugs preferably has an outer diameter that is greater than the
outer diameter of the remainder of the lateral surface. With reference to Figure 2,

20  the enlarged portion 22 of the lateral surface anchors or secures the punctal plugs in
the lacrimal canaliculus. The enlarged portion can be any size or shape, and can be
present on any part of the lateral surface, so long as the enlarged portion at least
partially anchors the punctal plug in the lacrimal canaliculus. Preferably, the
enlarged portion is at one end of the plug. Conveniently, the enlarged portion may

25 take the shape of an inverted triangle having a flattened apex, as shown in Figure 1,
may have an untapered, body rounded at the end, or may have a tapered shape at one

end with a rounded point as shown in Figure 10. One ordinarily skilled in the art

will recognize that any of a wide variety of shapes are possible.

30 The body of the punctal plugs of the invention may take any shape and size,
Preferably, the body is in the shape of an elongated cylinder. The body will be



20 the enlarged portion 22 of the lateral surface anchors or secures
the punctal plugs in the lacrimal canaliculus. The enlarged portion
can be any size or shape, and can be present on any part of the

| ateral surface, so long as the enlarged portion at |east partially
anchors the punctal plug in the lacriml canaliculus. Preferably, the
enl arged por WOHH1498E one end of the plug. Conveni en®F{USPHE71520

enl arged portion may 25 take the shape of an inverted triangle having
a flattened apex, as shown in Figure 1, may have an untapered, body
rounded at the end, or may have a tapered shape at one end with a
rounded point as shomn in Figure 10. One ordinarily skilled in the
art will recognize that any of a w de vaﬁlety of shapes are possible.
9 about 0.8 to about 5 mmin length, preferably about 1.2 to about
2.5 min length. The wdth of the body will be about 0.2 to about 3,

preferably 0.3 ta%?&*é%% abbut> Hilin I@ngth referabm%oQQQXo Qjoultmﬂlulﬂgn 1y be

whol Iy or partially transparent or tionally, nmay
include a tint othepidhpktae Hoﬁawllh'ﬁlé‘é@ﬁ@ﬁ@ E’&P‘Elié Egfetakly 0t3c§° @@é‘ Wﬂéﬁ it
is placed in @ punctum 10The body of the punctal plugs may be nade

of any suitable bioconpatible material includin wi thout limtation,
silicone, silicone bil&mRedy ofdhg pluegmy be siieixArwpdal g’stfi‘e‘ﬁ’a‘ﬁ%t,or PR xanpl e,

hydr ophi lic nonommbﬁaugjthmhyhlyydrnamyﬁthﬂ Wipneachat ke e iidRbicr ko sce

pol yet hyl ene gl ycol rrolidone, and glycerol, and silicone
hydrogel pol ymer&<a 5ﬁ8%§¥m9§P£%§Lexanple, t hose described in U S

Pat ent Nos. 5,962,548, 6,020, 445, 6,099, 852 6, 367, 929, and

6, 822, 016, '%orpora&ﬁe%p,g bbb ai L P 3§5n§gsﬁxblsﬁmfr a5Se

O her suitabl e bioconpat erials |n
pol yur et hane; pohajariat ihglidie Witleouy/liraitagion, ptbwlé@tlhweéiﬁedmly@m §o-

pol y(et hyl ene 0%@%)3145 sﬂ@l{a\é(fﬁf&Qﬁﬁblﬁﬁﬁd8+MH:%c)nomQ@Bﬁ’(V' nyl al cohol);
pol y( hydr oxyet hyl hacr% ate V|ny pﬁ%rolldone) ("PVP");

pol yacrylic aci ®°ypuirgpet ?WB%&&@?T‘ 3MAﬁbP {eHiviet Hytolacr yl ani de) ;
phosphol i pi ds, $HERiInASyrrdli@éneEaFRESo], 20 BRI hydroge}Ryines such as, for

15  example, those described in U.S. Patent Nos. 3,962,548, 6,020,445, 6,099,852,
6,367,929, and 6,822,016, incorporated herein in their entiretics by reference. Other
suitable biocompatible materials include, for example: polyurethane;
polymethylmethacrylate; poly(ethylene glycol); poly(ethylene oxide);
poly(propylenc glycol); poly(vinyl alcohol); poly(hydroxyethyl methacrylate);

20 poly(vinylpyrrolidone) (“PVP"); polyacrylic acid; poly(sthyloxazoline);
poly(dimethyl acrylamide); phospholipids, such as, for example, phosphoryl choline
derivatives; polysulfobetains; acrylic esters, polysaccharides and carbohydrates,
such as, for example, hyaluronic acid, dextran, hydroxyethyl cellulose, hydroxyl
propyl cellulose, gellan gum, guar gum, heparan éulfate, chondritin sulfate, heparin,

25 and alginate; proteins such as, for example, gelatin, collagen, albumin, and
ovalbumin; polyamino acids; fluorinated polymers, such as, for example,
polytetrafluoroethylene (“PTFE”), polyvinylidene fluoride (“PVDE”),
and teflon; polypropylene; polyethylene; nylon; and ethylene vinyl alcohol
(“EVA”).

30



derivatives; polysul fobetains; acrylic esters, polysaccharides and

car bohydrates, such as, for exanple, hyaluronic acid, dextran,

hydr oxyet hyl cel | ul ose, hydroxyl propyl cellul ose, gellan gum guar

gum heparan sulfate, chondritin sulfate, heparin, 25 and al gi nate;

proteins such as, for exanple, gelatin, collagen, albumn, and

oval bumi n: pdYQRM W& %ci ds; fluorinated pol ymers, sucRCHES2047g1520

exanpl e, pol ytetrafl uoroethylene ("PTFE"), polyvinylidene fluoride

("PVDF"), and teflon; polypropyl ene; polyethylene; nylon; and

et hyl ene vinyl al cohol ("EVA"). 10 The surface of the plug

body may be wholly or partially coated. Jhe coating may provide one

or nore of lubriciousness to aid insertion, muco-adhesiveness to

i nprove tissue conpatibility, and texture to aid in_anchoring the

plug within the 5 puhbsuiccektinpipgbodymay he whollyer pastiplly popdedi Haq oatng

wi t hout |im tatimdy,pr@@ledhd & moedfl@geiBusnbry &y Mxekioy) mrbhrsikeate,

PVP, PEG hepari.n, chondroitin. sul phate, hyt{al uronic }?cp'hﬂd, .anhﬂhetic

and natural prot®fiEe “Sé‘f?cfmﬁ‘[’flt@glg’c 4Fi0R© G IR AYHETS MePesT S

derivatives of pahgranrFlampleaeisditshRdogingd iodads, wigohyladagdn, glaq) d,

car boxymet hyl cel Jul o nd. t.he |ik inations, thereof. 10

Certain enbodi necﬁ{l?c%?‘ $c{rﬁxggt6ﬁr%e hgfry%'iCUgs g?% a“inh(i/grhdtr?lgrhs g‘%’ a body

made of a fl exi dlydunrair efid,ayntiehiatndpemfabpmeing,and brdysedobgnidesothiomlest ever it

contacts. Optio : : formed of either
&b ladd dén?gt{vﬁg &f?}o%%at lg?yltg ﬁlgd %g%b@g?lyéc?yhfc QGigre

a less flexible materi a an t nmaterial that too

conforms to the apapactyl qilhdese gedthe kikeapheombingtionpfhsisoa 15 punctal plug
havi ng both ggfl exi ble body and a less flexible collarette is
inserted into the lagriml canaliculus, the collarette rests on the
exterior of the |acrbFi™ HUALTEHT Aiee RuAal BEE TSt R RIP bR hodhPads
conforms to the ofhapablomatthe thhiedhforial to thaSidpé EWHiGver THREntAcBS Epyieially,and

t he body of sucthplllnct al i

| u referably coternnou That .i s,
the resarvor ot b el e Rsr PR Ml R et itor oty
of the body, 20 tiexodptr diapriaktike teocbifomsitd ée shape of whateenh ochitaren When
whi ch one or ;bo i ggq re us .
flexible bodﬁpah’gnc? {18%; E%vg?éé) %{hﬁéfg gltg lth aﬁgg% Lsfrﬁﬁeg%k%? l(’fl@'lrrrew(s?lttellejs rligsgft%&@ﬁat
i ncl ude, wi t houtthd lpgrimebgapabiquluss {hk eeilarcge royte pi ik exierior efteqolhgrival prnetum
("PET"), pol ybutsh¥h€B8y of the punctal plug conforms to the shape of the lacrimal canaliculus.

The reservoir and the body of such punctal plugs are preferably coterminous. That
is, the reservoir of such punctal plugs preferably make up the entirety of the body,

20 except for the collarette,

In embodiments in which one or both of a flexible body and collarette are
used, the flexible body and flexible collarette can be made of materials that mclude,
without limitation, nylon, polyethylene terephthalate (“PET”), polybutlylene

25 terephthalate (“PBT”), polyethylene, polyurethane, silicone, PTFE, PVDF, and
polyolefins. Punctal plugs made of nylon, PET, PBT, polyethylene, PVDF, or
polyolefing are typically manufactured for example and without limitation,
extrusion, injection molding, or thermoforming. Punctal plugs made of latex,
polyurethane, silicone, or PTFE are typically manufactured using solution casting

30 processes.



25 terephthalate ("PBT"), polyethylene, polyurethane, silicone, PTFE,
PVDF, and polyolefins. Punctal plugs made of nylon, PET, PBT,

pol yet hyl ene, PVDF, or polyolefins are typically nanufactured for
exanple and without limtation, extrusion, injection nolding, or

t her nof or mi ng. Punct al plugs nade of | atex, polyurethane, silicone,
or PTFE are g‘&%“‘&"&r‘%“iﬁ manuf act ur ed usi ng sol uti on casPEHES2813/071520
processes. 11 The punctal plugs of the invention contain a
reservoir within the body, and the reservoir contains an active
agent-containing material. The material nmay be any 5 material that is
conpatible with the active agent or agenfs to be delivered by the
plug and is capable of releasing the active agent in the desired
manner, for exanple by dissolving or degrading of the material or

di ffusion of the active agent fromthe material. Any nunber of

material may be usedr@subdig pRed ViR iRGRIN6RRE @ké@é&lﬂr»@fﬁﬁrﬁﬂé Bdy, and
including, without limtation, polynmeric materials, both natural |y

occurring 10 andlS§RPRECTHinSFACHYE FEFRpIORRINgMaterial The matpriphmaybe any
Wi thout |imtat lnﬁufenaghzam&pﬁm véith AeSacti @280 biag 8 t6 bt @liSered HYQAROFHY C

materials includ lLimtation roys ceram

WaxesI and !the :J|alﬁggﬁ?'ﬁg%lﬁStg’ﬁ\g?fﬁllﬁlﬂgr?gn‘;teﬁé‘%“ég‘f @gﬂ}a?ﬂ?f rci‘aﬁ‘ﬁ%@tl ve
agent contai ni ngi-lsﬂiﬂtflegOrailegrathn@fmln}amﬁlldrdﬁﬁﬁlﬁitcbfaﬂe active agnhnt frbm éfe | east
one active agent ma dﬂ:%lap IA%ggﬁrglgeierr gﬂrflaterTEB% bseeugedt h?%g%vgg%eﬁt-%gta()t herw se

cont ai ned. The bo | ernea e active agent,
and the reser vo|Imat€hlalsmféltdlﬂge‘a$1towinmtabgemlngeltcma@aIglh, bethingtoratih eccaing ve

agent is rel &S eagd synthetic, nc;ﬁkb%lymagé/ mh@l%dlﬁﬂﬁudﬁ{g, Qg{o%t I%%ﬂbr\p,\%ﬁbm and

comunicating with'the reservoir at a first as s Figure
4, a second end °KySsREHHC Moy RpRaEe mpfeidls ingleding yihoutlitaitation. gerewnd

ends of the bOd)ée:@aﬁlc§hE MIE) waRes EhdMé Bikefind @{mlﬁ{an&ﬁ%%f Pr&peraliy, o s et he
body. In particul ar odi ment s, of {he [ nvegﬁll on, n such punct al

pl ugs are inser €4 ?Waﬁ‘mtgh"édt?r’é iRy mEa st I“U‘é’hl%ﬂ FORE PGSR at
the end of the lmdgpoéeacn gpériva tieyiRhout, h)eotaéi'bv[sveon&@&ﬂtThe&oﬂﬁk@&&%lyi nto
the tear flu

in the end o:‘l t hep eﬁm%fbf%%%@f: %Célg?e#g“ hasg] g W%f'asaﬁg?y&te E@glg%w%@ﬁgbggt

is which thc active agent is released.

The body has one or more openings communicating with the reservoir at a

first end, as shown in Figure 4, a second end a shown in Figure 5, both the first and

20  second ends of the body as shown in Figure 6, or at another location on the body. In
particular embodiments of the invention, when such punctal plugs are inserted into
the lacrimal canaliculus and have opening at the end of the body facing the eye, the
active agent is released into the tear fluid of the eye. Alternatively, if the plug has an
opening in the end of the body facing the nasolacrimal duct, the active agent is

25  released into the nasolacrimal duct. In those embodiments in which the plug has
opening at the end of the body facing the eye and another opening at the end of the
body facing the nasolacrimal duct, the active agent is released into both the tear fluid
of the eye and the nasolacrimal duct. For those punctal plugs with a collarette, the
opening of such punctal plugs is preferably located within the collarette, preferably

30 the central portion of the collarette. When such punctal plugs are inserted into the



25 released into the nasol acrimal duct. In those enbodi nents in which
t he plug has opening at the end of the body facing the eye and

anot her opening at the end of the body facing the nasol acrinmal duct,
the active agent is released into both the tear fluid of the eye and
t he nasol acrimal duct. For those punctal plugs with a collarette, the
openi ng of sWMIIAB#Zl plugs is preferably |ocated WPEHPHOA7THES20
collarette, preferably 30 the central portion of the collarette. Wen
such punctal plugs are inserted into the 12 |acriml canalicul us,

t he opening faces the eye, and the active agent is released into the
tear fluid of the eye. 5The size of the %pening will be fromabout 1
nmto about 2.5 mm and preferably about U.15 nmto about 0.8 mm

I nstead of one | arge opening at any one location, nultiple small

openi ngs may be lesiod! capyliseles the spdnivg favagthd et and ingetivh egepuintteaded pitaigs
useful in the inyepLimRl 8 edO Wel |l known. Typically, the plugs are
manuf actured by injection nolding, cast nolding, transfer nol ding or
the like. Preferably, the reservoir is filled with one or both of at

| east one actsve agemnke @A hbpeARE WiredBe MHoeaRHhAb Bl SRkShi al
subsequent to the ionally, one or nore

ufacture of the plug. Addi
cxci picnts may B’é"fng?qr%?lﬁlétcp'\ﬁinf‘ﬁ tot’ﬂﬁi%“tggt“?r%em%aér‘?% ong) [ gopgHing 4 any one
conbi nati on W t Nodatien, paltipkemilCopekih@magibe uskd. Dependi ng upon the
active agent-containing nmaterial selected, the active agent can be
rel eased fromthe material alnost imediately, or the active agent
can be rel eased i n aPwcsteaionmdnufiwies theperxtabplasssafiddh hemvandordre t | ne.

For exampl e, 15 RANARIL cyIBLS! hah, I AuHBGH, bPalcedd famesgd of one

or nore polyners that ar _ st parti Ib| wat er .
Wien such a pol yrading trepgteemplding pstheliiso Seedbrably, tha eeserbeivis filedevith onppment

of the lacrimal ye@nRahilG Hsadibe 18R sbPAL adibdliglnt-dohtaiBing frBlall sibsttiubd:
di ssolve and rel ease the active agent as it dissolves, The solubility

in water of the 'DHETGRUIHBFEOIIINNEE ALIFPIHY-RRT AP HE By FRY be
material is madeodhyipddodtil tie dbtive agh aldhhd @ &l doyhbREQMGHithiti Rl yniefic nktdrial at e
of dlssolut;g . Suitable polyners that are at |east 25 partially
soluble in er include, without limtation, poly(ethylene glycol);
pol y(et hyl ene oxi de)Depoading(ypbiofhy hatineagghtyconthihing polei{l wélerydd, tat etitol ) ;-
pol y(hydroxyet hyl . il hacy Leﬁtfr%%n;t egﬁ’itééﬁawnﬁé’s't W&{d%ke'lyd%ﬁé a'cHE’eOJ f,!n Gylic
acid; pol y(ethyl oxazoli ne); pol'y(dinethyl acrylani-de); phosolipids,
such as, for exarplesedphogphiordmanphiobiradedied pariat pitges. For example, 2
pol ysul f obet ai ng,REkYRAGRDAL) H&Sed@Mis composed of one or more polymers that are
20 at least partially soluble in water. When such a polymeric material is exposed to the
aqueouns environment of the lacrimal canaliculus or the tear fiuid, it preferably will
dissolve and release the active agent as it dissolves. The solubility in water of the
one or more polymers from which the polymeric material is made typically will be
directly proportional to its rate of dissolution. Suitable polymers that are at least
25  partially soluble in water include, without limitation, pely(ethylene glycol);
poly{ethylene oxide); poly{propylene glycol); poly(vinyl alcohol);
poly(hydroxyethyl methacrylate); poly(vinylpyrrolidone); polyacrylic acid;
poly(ethyloxazoline); poly(dimethyl acrylamide); phosolipids, such as, for example,
phosphoryl choline derivatives; polysulfobetains; polysaccharides and

30 carbohydrates, including, without limitation, hyaluronic acid, dextran, hydroxyethyl



30 carbohydrates, including, without limtation, hyaluronic acid,
dextran, hydroxyethyl 13 cellul ose, hydroxyl propyl cellul ose,
gel l an gum guar gum heparan sulfate, chondritin sulfate, heparin,
and al gi nate; proteins such as, for exanple, gelatin, 5 collagen,

al bum n, and oval bum n; and pol yam no acids. The polyneric materials
in this Iist oM%Y %cal |y be copol ynerized or bl ende8CHF$2M78HE00r
bot h of hydrophobic pol ynmers and nononers. As an alternative, a
non- pol ynmeric material including, without limtation, a 10 |ipid,
wax, or inorganic material may be used. Suitable non-polyneric
materials include, without limtation, Ignolin, paraffin, sorbates,
lecithin, vitamn A D, and E, glycerine,” sorbitol, mannitol,
stearates, fatty acids, lutein, zeaxanthin, taurine, glutathione and
the like. 15Alternatively, the active agent-containing material can

be one or rnore memﬁ&gr@%gllsroeﬁlcmm@fs§ Elnﬂtgurﬁagusag%l NepStin WARL! Y

chem cal | y degrade uPon exXposure to, exanp blo | o |caIIy active

subst ances typi chpad Ib?%fétéﬁlepflfﬁa %ﬁﬁﬁ%@?tﬁ Pquﬁég %F%ef@?ea‘al& B&clfdberi al s
are preferably fwniargeﬁ Y& aRInCand BEuniix) ald YoBaE:H3ALHS. Omhs polﬁhm@meaﬂmﬂ on

may occur nore s han di ssol uti on, and.the materi hus 20
conpose one or F st 6‘? i %T?P%ly‘ﬁ?ﬂzf}‘h‘érrb nflgd vafh Mg et b"g’l?fgy‘g‘ﬂ’i‘?'ﬁ‘f ned
rel ease of the qm@nmeaagmmmﬁms desi red. Sui t abl e bi odegr adabl e

pol ymers include, without limtation, polyners and oligoners of
gl ycolide, lactide, |actones, and other hydroxy acids, and other 25
bi ol ogi cal | y degr adabs @qﬁgingtive,r@onmelvmyiceha@brhﬁn@udi@ withdualimiguien, a

non-toxic or ;pr n ed
pol y(al pha- hygrgﬁﬁlgﬁ?§§gggre po %@%ggﬁcsgg%ﬁgop%§¥mfg%§loanone)
pol y(DL- | acti c aedudy. vthgutpigtitption, lra ltlmraﬁ'@» @}batestlmhmu@emml/\ BoindiFer s

i ncl ude poly(amn erﬂfelsdaﬁml ﬁmnmasw&&@t ,acﬁmm&m&m&mmmme
pol y(orthoesters dﬁg osp hazi nes) and pol’y(phosphoesters).

Pol yl act ones 30 he ikt hout 17 mitati on,
poly(epsiIon-caprolactone) pol y(del t a- caprolactone),

15 Alternatively, the active agent-containing material can be one or more
biodegradable polymers that partially or wholly chemically degrade upon cxposurc
to, for example, biologically active substances typically present in mamimals, The
biodegradable materials are preferably hydrolyzabie under in vivo conditions.
Biodegradation may occur more slowly than dissolution, and the material can thus

20 compose one or more biodegradable polymers if slower, more sustained release of

the active agent is desired.

Suitable biodegradable polymers include, without limitation, polymers and
oligomers of glycolide, lactide, lactones, and other hydroxy acids, and other
25 Dbiologically degradable polymers that yield materials that are non-toxic or present as
normal metabolites in the body. Preferred poly(alpha-hydroxy acids) are
poly(glycolic acid), poly(2-dioxanone); poly(DL-lactic acid) and poly(L-lactic acid).
Other useful polymers include poly(amino acids), polycarbonates, poly(anhydrides),
poly(orthoesters), poly{phosphazines) and poly(phosphoesters). Polylactones

30  including, without limitation, poly(epsilon-caprolactone), poly(delta-caprolactone),



14 poly(delta- val erol actone) and pol y(gama-butyrol actone are al so
useful, as are chitosan, alginates, collagen, and gelatin. In
particul ar aspects of the invention, the 5 polyneric material the
contains the active agent can conprise a m xture of one or nore

di ssol vabl e and bi o- degr adabl e pol yners. In a preferred

enbodi ment, WRXHEHRe agent -containing material is ZCHBFAHETIEY
material that is conbined wwth at |east one active agent to form one
or 10 nore fiber or fiber-like structures, the dinensions of which
may be substantially the dinensions of the reservoir or smaller than
such di mensions, and one or nore of the fjbers or fiber-Ilike
structures are inserted into the reservoir through the opening in the
pl ug body. The fibers or fiber-like structures nay be of a size and a
shape suitable for insertion into the opening and may be about 0.5 to

about 5 Mmin | %%&Iti@a@%ﬁc@n@ﬁn&&lﬁ@% b%tymﬂcloﬂeg'legi@@ﬁs@ful ad fre ONlY

one fiber or fiber-like_ structure is used, preferably, the dinensions
of the fiber ar é’hg?fé‘h alginates, collacsn, g ecatin. dn E"’é%‘iﬂaéfqye‘itqrﬁfg‘et‘Wéntl"éstE? voi r

and remains i 8 tHRENREREV@I rhewﬁﬁnsttﬁ@cmewgeﬂt SanlcBmpHE a inixtive WEHE 8F ' S
punctum Thus, the fiber ca cal or asymetrical,

dependi ng upon tT&cdRY @ﬂﬁT%t éggﬁ083wmehe internal walls of the
reservoir may be substantially snDoth or 20 may |nclude features that

aid in maintaini ng tﬂlaprff"fbr?ed e\MD(gcpment tth ecttqv%sagr 9c|01r1ta1mn H‘l %mﬂ% W t hout
limtation, surfaces W't ovVes, inde ons, roué RESE 0t the

like in the int @lymmwahtbml thay is emrbatt%d wih ¢t leasttpge fdtibesgentomfoan piery t he
active agent 197 AQCRLSo Mm&dﬁgﬁap@@rﬂg gﬁnd;ﬁéhqgay%@%bbaﬁtgﬁggct he

fiber. As yet anot her alternative actrve agent be
dosed into the plORIsiPRsSfhgaTsPrveisorsmatiar fhampugh dimcesinne aﬂ‘bOWiﬂdTﬁ“fOf/theAs

still another algyek B@ﬁﬂei/ﬁke shh&ur@pdré/mhe@m tRCbdeMBir BEGIRN tHIBYenRf in
i ntroduced as a solutl |onbgw%gcontaln NDNOMer s,

pre-pol yners and Ct%‘égq" @Eﬁffam c‘f"(’}?"‘ Sy R Phgiasiad H1aP%r mor e
of irradiation, shietkXer 1ﬁ9561d10ﬁ hh&i’ tﬁaépeﬁlﬁ@mﬁaday D@ﬁl:),b[iﬁl’ﬂ % abdudH mm3Q loAGth Y et

anot her al ter, Qat I c¥¢85 tto a out? gaﬁle gpcﬁ'%{yu & fi Tgr F[gjer-'l Ee ;[trrl}gtur%%tdqg

agent bef or e -or
preferably, thc dimensions of the fiber are such that the fiber fits securely into the

reservoir and remains in the reservoir when the plug is in use in a wearer’s punctum,
Thus, the fiber can be symmetrical or asymmetrical, depending upon the shape of
the reservoir. The internal walls of the reservoir may be substantially smooth or

20 may include features that aid in maintaining the fiber within the reservoir including,
without limitation, surfaces with grooves, indentations, roughness or the like in the

interior walls.

Alternatively, the fiber containing the active agent or agents may be formed
25 and the plug cast around the fiber. As yet another alternative, the fiber and active
agent may be dosed into the plug reservoir as a melt and allowed to solidify. As still
another alternative, the polymer and active agent may be introduced as a solution.
The solution may contain monomers, pre-pelymers and the like suitable for cross-
linking via one or more of irradiation, redox, and thermal radical polymerization.
30 As yet another alternative, the fiber may simply be soaked in the active agent before

or after insertion in the plug.



Preferably the fiber or fiber-like structures are conposed of a
polymeric 5 material and nore preferably a polyneric material that is
pol ycaprol actone, still nore preferably poly(epsilon-caprol actone),
and et hyl ene vinyl acetate of nol ecul ar wei ghts between about 10, 000
and 80, 0000. About O to about 100 wei ght percent pol ycaprol actone and
about 100 t oYW 14W3ei ght percent of the ethyl ene vPEY/ISZEETIAe are
used based on the total weight of the polyneric material and,
preferably, 10 about 50% each of pol yeaprol actone and et hyl ene vi nyl
acetate is used. The polyneric material used is preferably greater

t han about 99 % pure and the active agents is preferably greater than
about 97 % pure. One of ordinary skill i the art will recogni ze that
i n conpoundi ng, the conditions under which conpounding is carried out
will need to take into account the characteristics of the active
agent to 15 ensure that the active agents do not beconme degraded by

t he process. The pol ycaprol actonc and et hyl ene vinyl acetate
preferably are combi Frefrapivtthe fibeordiberlie srstires ok corgenied dp pelyesrics,

ni cr o- conpoungednat@afhnk BRR p(%ef&ramp £hbIfRerR nfatcAQthat Ifﬂelyéépl%@arm%n@etﬁl then
cut to the desired length and inserted into the reservoir throu h one

or nore plug opéRfirhiysicrably pOIY(CPSﬂO"I‘ﬁ”é’TOé??B’t‘]Fh angethylenq jnyl %FQE—?'H’tOfEi'g{S
the plugs of t he,vdlghmeﬁueambwllbOMQBotoauoo&bom&oawut VD vagNberdhit
agents sel ect ed, qctual

ire be deljivere
oo i he dostr aabrBrmbet FREST IR Bl h R g e Sbot kbR RECet Te
agent and acti vecageat usedhasad ol thetotrbwaglit af the prherfedic afateyial ahd) @reopadiynt

used is a thegap 5 effect ni.n unt
ei rect 1ve 1 o onrded treh e SEboT BTN AFRRAR AP THE, o1t o
ef fect. Typi cal Ipplymanousersl wid gipesdarably @8t Ganbout 99, OO antithy asgyeans of

active agent S ”%Xen@qs #{éﬁgblylgﬂ:al@letﬁ&na&bgut@$ 99;91}33 d?lts of &ﬁnﬁrﬁ'ﬁ@lﬁ‘h‘t%ﬁ the

reservoir can be refilled Wt material after substantially al
of the active agéhtccesie dithip Agnieatding B congdiions udewhisd coiprayaysiied and

the active agenteurdisd 62 WaBSRedHo 14k intCx3sRl Be cHalbteMOW Aleia¥iBcagaNo- 16
cont ai ni ng naterlahﬁgagwbe the s di fferent frogl t he
it hg

previ ous pol ymrerPer pive agkn o St DRSoRE rsiecks BY BERPCShA et | ve
agent that is t hbﬁly@@ﬁmcﬁ:ﬁc and lethglichd véitiy® Rdetaforpddferiihearp t@MiiRd Ssvitaailcl ve
agent. Certain %léISQr%ctl activ zllgléll(%sor :lal'lgser?tg rInng;) -C r?ill;otuin(?e'fl,l a?i[i then extruded as a fiber.
The fibers are then cut to the desired length and inserted into the reservoir through
one or more plug openings.
20
The amount of active agent used in the plugs of the invention will depend
upon the active agent or agents selected, the desired doses to be delivered via the
punctual plug, the desired release rate, and the melting points of the active agent and
active agent-containing material. Preferably, the amount used is a therapeutically
25  effective amount meaning an amount effective to achieve the desired treatment,

inhibitory, or prevention effect. Typically, amounts of about 0.05 to about 8,000

micrograms of active agents may be used.

In certain aspects of the invention, the reservoir can be refilled with a
30 material after substantially all of the active agent-containing material has dissolved

or degraded and the active agent is released. For example, the new active agent-



5 applications can preferably be refilled with a material while the
punctal plugs remain inserted in the lacrimal canaliculus, while

ot her punctal plugs are typically renoved fromthe |acri mal
canaliculus, a new material is added, and the punctal plugs are then
reinserted into the lacrimal canaliculus. 10Wen the active

agent - cont ai MOVRBEri al is conbined with the acti vePalBRPO7TOTIRE
material nmay also contain one or nore materials that are insoluble in
wat er and non- bi odegradabl e, but fromwhich the active agent can

di ffuse. For exanple, if the material is a polyneric material, the
material may be conposed of one or nore (plyners that are insoluble
in water and non-bi odegradabl e Suitabl e Bolyners of 15 this type

i nclude, for exanple, cross-liked polyners, such as, for exanple,
cross-linked polopiteining etseal ghnlsdhe)samped, gr(deffdngrt Eore, thngireédus polymeric

P01 V(P ODY! e Ghatl] bng @PRHN ot AR e A Y DU P

net hacryl ate), po vi nyl pyrrolidone), polyacrylic aci

pol y( et hyl oxazolff eWﬁﬁ@”ﬁﬁﬁ?@ﬁﬂhéﬁﬁvpPﬁ@W@ﬂ&ﬁﬁ&éﬁxpwﬁéﬁg pol yrer s
can be SOpol yerpARGinS el RAdesh i 1@0an Oebalihadt by dr ophobi ¢ 20
pol ymers and nononers. Additional

y t hat agﬁ |nsolubl?
water and non- BUBHR GREHEBHE mseiH Hb‘EC awne ERR P B I PIBH PuRgy P‘E%fne
silicone bl endS,areStbelth,lQi’kﬁmﬁ.‘rﬂﬂﬁin}/ﬂﬂ'&l’aﬁnﬂlﬂﬁilﬁﬁhuﬁ@,,an\dﬂvtﬁh&ﬂhl i4 added, add thd,
hydrophilic monone ene

| ycol
ol oyl pyr 1 or PR Brtealded Slabe BB IERYY pol yrers such
as, for exanple, those described in U S. Patent Nos. 5, 962,548,

6, 020, 445, 2§ 6, 099, %gm thc—,6 acggc dfg %%bntﬁﬁ'ﬂg Qldt% 15(%951%b1 ém ertf?(pcl&ﬁ‘&ced%cnt

herein in thelr entire erence osol1p s I nc
without limtat |ﬂ@rmat<}mb19pwdﬁ0;¢pm@he¢qqﬂ@omthbufhﬁé@e lnm%uwa@bmiau ns;

pol ysacchari des g gafdaadly dhiatotswilithhdidli Nty etedn e B o%:taﬂ{p!eoi@ the
hyal uroni ¢ acid, dextran, hydroxyethyl celldtlose, hydroxyl propyl

cel | ul ose, gel | &gk 2 wﬁ?%mﬁmhlefﬁawatﬁné 1Y bt @IPRsSS AATF PT RO Ul f at e,
andI lrjlep_ari N, prebengs tHahdé l;hﬁ’c:chflﬂa in 3terinid MOM bioldg il dLad. |Sﬁﬁhéaleaﬂo@blﬁ}s®;f]and
oval bum n; polyam no a uo i nat po rs .including, wthout
limtation, ggr 15 BRRC “‘g?n@‘ ey ’rFmeﬁEif‘rS’P{%%Wegﬁ@“ fjif Xample, cross-

pol yet hyl ene; nyllnknd poa@dath@glyoﬁdpboﬂy(@h;adnc emaﬁymo@fspquylewglmm e

pol ymers that a Lt b

non- bi odegr a dablpglyfv ngrﬁé)hgls \&ggﬁgdljo 681%19 Atﬁacla/pate\s\%opgvmy Cpgrrolldone)

pol yur et hanes, eylarmodecryil.apbéthyimerohe)pad popy(dioethgl agrylamide). These

polymers can be copolymerized or blended with one or both of hydrophobic

20 polymers and monomers. Additional polymers that are insoluble in water and non-
biodegradable include, without limitation, silicone; silicone blends; silicone co-
polymers including, without limitation, hydrophilic monomers of pHEMA,
polyethylene glycol, polyvinylpyrrolidone, and glycerol; silicone hydrogel polymers
such as, for example, those described in U.S. Patent Nos. 5,962,548, 6,020,445,

25 6,099,852, 6,367,929, and 6,822,016, incorporated herein in their entireties by
reference; phosolipids including, without limitation, phosphoryl choline derivatives;
polysulfobetains; polysaccharides and carbohydrates including, without limitation,
hyaluronic acid, dextran, hydroxyethyl cellulose, hydroxyl propyl cellulose, gellan
gum, guar gum, heparan sulfate, chondritin sulfate, and heparin; proteins including,

30 without limitation, albumin and ovalbumin; polyamino acids; fluorinated polymers

including, without limitation, PTFE, PVDF, and teflon; polypropylene;



The punctal plugs described herein can be used to deliver various
active agents for the one or nore of the treatnent, inhibition, and
prevention of nunerous di seases and di sorders. Each punctal plug can
be used to deliver at |east one active 10 agent and can be used to
deliver different t es of active agents. For exanple, the punctal

pl ugs can be W/ ¢ Qdel i ver azel astine HCl, emmdasti REBF2PUIHEF At e,
epi nastine HCl, ketotifen funerate, |evocabastine HCL, ol opatadi ne
HC1, phcniram nc nmal eate, and antazolinc phosphate for one or nore of
the treatnment, inhibition, and prevention of allergies. The punctal
pl ugs can be used to deliver 15 mast cel|, stabilizers, such as, for
exanpl e, cronolyn sodi um | odoxam de trometham nc, ncdocrom | sodi um
and permrol ast potassium After the plugs is filled with the active
agent, the plug is sterilized by any conveni ent nethod including,

wi thout |im tatig eth?tatmﬁ&rear@m@ A@ufoﬁ*&Le@amprwofs%ﬁabuép’o%eﬁtma@ae and
the li ke and conbination thereof. Preferably, steriljization is

carried out thr Gt of2asiasolubls i atgrpng porpedegad "é’%eH%héiﬁ’é“@R‘i‘té'@“a*ﬂﬁe

punctal plugss canicms,@smem@eq@ydnmfylmé;iarnu?&Mcsyhalad.cyc| opl egi cs
including, without limtation, atropine sulfate, honmatropine,

scopol am ne HBr, 25 cycl opentolate HCl, tropicam de, and
phenyl ephrine HCl. Thie gotowd phiks qmbcmigs:l leadn dae beissedltotdolivdeldriv@ractive

ophthalm c dyes | en(t;q ledthQ 9de mE)re %F tthe reaml x]h%ntion ereQeengon of n%rlngrgffflm ne
green, |ndocyan|ﬁ f Uo on, ernm. “The

punct al pl ugs callrsebes anéémorﬂ@‘s dbbh mptalaxbxgtcmbmtsedrtgnddyen ah hat dhnerpgtive
w t hout 30 |ijgit oa sone,
1§ dga}t%c fm&m&ﬁﬂﬁ L &&@gywo?h&%pmﬂts ﬁg{ﬁ@ﬁa ag

quoronethanne uor ontt e acétate ote re onat c,
pr cdni sol onc ac é’tl%ﬁt% Plupsr@&lh? used @rﬁ‘é‘“’%@F[WbH@is ﬁ'ﬁﬁiﬂﬁme AiBrojesone,
ri mexol one, and efnhbl;ﬂﬁd ol @ﬁﬂlfﬁ@ﬁh&ﬁb d&ocaﬁkﬂn&q@lcélaéatalainkl ael, can be used
to deliver non- sger0|dal anti - ents i ncl udi ng

wi t hout | i mit at iPBTiraR{nG MBlcip: d‘F{eﬁt"s’*‘gH‘F B|t‘ﬁ TG AT MeFF e the té%ﬁ'&““% odi um
ket or ol ac t r onttikhtilidagand GetmisPENallergies. I TRt Ea]l Plugedah 0F X Aldeliver

azat hi oprinc 15 ar}r%qt%%l?%?ﬁz‘eg} slucr:]leais, for example, cromolyn sodium, lodoxamide

tromethamine, ncdocromil sodium, and permirolast potassium.,

After the plugs is filled with the active agent, the plug is sterilized by any
convenient method including, without limitation, ethylene oxide, autoclaving,
20  irradiation, and the like and combination thereof. Preferably, sterilization is carried

out through gamma radiation or use of ethylene oxide.

The punctal plugs can be used to deliver mydriatics and cycloplegics
including, without limitation, atropine sulfate, homatropine, scopolamine HBr,
25 cyclopentolate HCI, tropicamide, and phenylephrine HCI. The punctal plugs can be
used to deliver ophthaimic dyes including, without limitation, rose begal, sissamine

green, indocyanine green, fluorexon, and fluorescein.

The punctal plugs can be used to deliver corticosteroids including, without

30 limitation, dexamethasone sodium phosphate, dexamethasone, fluoromethalone,



The punctal plugs can be used to deliver anti-infective agents
including, 10 without limtation, tobranycin, noxifloxacin,

of | oxaci n, gatifloxacin, ciprofloxacin, gentam cin, sulfisoxazol one
di ol am ne, sodi um sul facetan de, vanconycin, polynyxin B, am kaci n,
nor fl oxaci n, |evofloxacin, sulfisoxazole diolamne, sodium

sul f acet am deva8e7148s2c| i ne, doxycyclinc, dicloxacilli RCT/EBpIATIEN n,
anoxi cillin/clavul ante, ceftriaxone, cefixinme, erythronycin,

of |l oxaci n, 15 azithronycin, gentanyein, sulfadiazine, and
pyri met ham ne. The punctal plugs can be used to deliver agents for
the one or nore of the treatnent, inhibition, and prevention of

gl aucoma including, without limtation, gplnephrlnes i ncl udi ng, for
exanpl e: dipivefrin; al pha-2 adrenergic receptors, 20 including, for
exanpl e, apr ocl dhioghrtalamccitate, teeirdnsletsbiyatcgirtdntkipnsacetaie,| pudiisgone
without Iimtati nal o fi-pran I
and timolol: di rsgag%lm&ﬁésﬁlﬁ% ngdr%s%ﬁer h%g)lo?on‘g SLN? HI?OQH Iﬁne Acetonn%a Tﬁloﬁun%!ap
pi | ocar pi ne; c hahigs eantbe spd do fiielhkﬁrbblt-mr@dal|ar¢cinﬂmmqory\m¢nt$omudmg,
l'imtation, pE‘yS\)Qﬁlt)ﬁtgimltg@ona'ﬂ%bﬁ)%&ﬂ%ﬁl%%{ﬂ@fen GRAAnRE S‘odﬁlﬂhﬂ%rgi &

i nhibitors, including, for exanple, acetazolam de, brinzélam de, 25
dor zol ani de, andromsthpaRBIcEHpsERINCARIY eA MsthaT Fratc rehipEstaathi des
including, W thadmdetipinkat i on, |atanoprost, bimatoprost, uravoprost,
and unoprostone cidofovir. The punctal plugs can be used to
deliver antiviral agents, including, without limtation, fomvirsen
sodi um foscar net So'dlielpmlctzg@hgai @h byised wadiiwmntivietgaaedents oi¢iudind9 HCL,
A e e
tetracai ne HCl, gpﬁam@mamﬁ%weﬂmﬁ&dmbnmpamdmmwn@mﬂ@mdaw@mbhu@nescein
sodi um benoxin f S ggnﬁ

fl uorexon di sode}}bﬁ\m?ﬂﬂeB %)dgg%tﬁl a & Sggq%:‘)gﬂ%%gn%{s}@d& ? % %I@Ieléi%mm
anti f ungal agenﬂ%mmﬂﬁéﬁwﬁﬁﬁ@du¢dﬁx%&ﬁﬁﬁm€bxﬁmh&dﬁﬁ@bve, fl ucyt osi ne,

amphotcri cin B, ahbfigifRResohe, célﬂﬁxdﬁ@tc@ﬁﬁﬂél%%ﬁh@m endEact al plugs
can be used to deliver. anal gesics i ncl udi ng %out 10 I'im tati on,

acet anmi nophen” afgEB&I e R e SHHEpRS ﬁﬂdaw&nﬁsbefwa%odonc
acet am nophen, ketorolac, ibuprofen, and tramadol. The punctal plugs
I g i e e A
hydr ochl ori de, teitmahyidriedel, imigrdvydioo ofglakodeinclatitk, extyoveliraizobi,ne.
Finally, the pu @&E@plhmpels,q%ud%%pfop gxallilnﬁl%gdiﬁi\(?eﬁq lapr £4 adrenergic receptors,
20  including, for example, aproclonidine and brimonidine; betablockers including,
without limitation, betaxolol, carteolol, levobunolol, metipranolel, and timolol;
direct miotics, including, for example, carbachol and pilocarpine; cholinesterase
inhibitors, including, without limitation, physostigmine and echothiophate; carbonic
anhydrase inhibitors, including, for example, acetazolamide, brinzolamide,
25 dorzolamide, and methazolamide; prostoglandins and prostamides including,

without limitation, latanoprost, bimatoprost, uraveprost, and unoprostone cidofovir.

The punctal plugs can be used to deliver antiviral agents, including, without
limitation, fomivirsen sodium, foscarnet sodium, ganciclovir sodium, valganciclovir

30



15 vitam ns, antioxidants, and nutraceuticals including, wthout
limtation, vitamns A D, and E, lutcin, taurine, glutathionc,
zcaxanthin, fatty acids and the |ike. The active agents
delivered by the punctal plugs can be formulated to contain
excipients including, without Iimtation, synthetic and natural

pol yners, i n®aad#rigess20 for exanpl e, pol yvi nyl al cohol PCT/GS2007/071520

pol yet hyl enegl ycol , PAA (pol yacrylic acid), hydroxynethyl cellul ose,
gl ycerine, hypronel os, polyvinylpyrrolidone, carbopol,

propyl enegl ycol , hydroxypropyl guar, glucam 20, hydroxypropyl

cel | ul ose, sorbltol dextrose, polysorbate manni tol , dextran

nodi fi ed polysaccharldes and guns, phoso}lplds and sulphobetains. 25
The invention will be clarified further by consideration of the

fol |l ow ng, non- |H@ tiftmidirexandbes and fa@ci&n&rrﬁhemmEmaﬂq@sednﬂneFué‘edlo 50 g

anount . of epsil ?fﬂlé‘%glox&"i gpestgltt%g tn%pu%l 1\)% !?trflma’t\ét?onaggacamf HBE Broaﬁﬁcaiggl aPC

approximately 1 an aver roxi nat e
(avail abl e f romI‘ll(l‘lcnfm@t‘ﬁ)ialvmfécboﬁﬂmqn@eblwwifqmlb@@ﬂlgit@mﬂ(lﬁwm‘ﬂm

Arkema), and 1.0Q4 gengina@ag@h&%@l? Ihscfd%y R p p@@%&@lcﬁ) be 18AGH dé’l\fv&h a

purity of greater than 10 PFOXInHte y e mxture was then
placed in a tw ﬁn%%?%wgﬁ%m WS geiTTeraple, ﬂsﬁwzomoﬂucmm amphopricipBa

i ndustries, inc.iwdcB@kolasd kdidch@dzoM. th a 0.25 nm di e and conpounded
for 15 nin. at 120 rpmand 67 C. Fol |l owi ng conmpoundi ng, the m xture

was extruded into fibers at 75 C. 15The fibers were cut into
approximately 1.5 mﬂ’ﬁerj)uh(fteﬂgm@s Ge bt iseh s dalﬁldr:irﬁ&edids&(ilddm‘gomﬂihﬁ openi ng
of Shar poi nt

o1 ugs i ¢ dr g "and wossra B aBRate &R Roet P sPRSEe rade
acetammophen ketorolac, ibuprofen, and tramadol. The punctal plugs can be used
to deliver vasoconstricors including, without limitation, ephedrine hydrochloride,
naphazoline hydrochloride, phenylephrine hydrochloride, tetrahydrozoline
hydrochleride, and oxymetazoline. Finally, the punctal plugs can be used to deliver

15 vitamins, antioxidants, and nutraceuticals including, without limitation, vitamins A,

D, and E, lutein, taurine, glutathione, zcaxanthin, fatty acids and the like.

The active agents delivered by the punctal plugs can be formulated to contain
excipients including, without limitation, synthetic and natural polymers, including,
20 for example, polyvinylalcohol, polyethyleneglycol, PAA (polyacrylic acid),
hydroxymethyl cellulose, glycerine, hypromelos, polyvinylpyrrolidone, carbopol,
propyleneglycol, hydroxypropyl guar, glucam-20, hydroxypropyl cellulose, sorbitol,
dextrose, polysorbate, mannitol, dextran, modified polysaccharides and gums,
phosolipids, and sulphobetains.
25
The invention will be clarified further by consideration of the following,

non-limiting examples.

30



and 70 drugs with drug and 50 pl acebo each of a 0.8 mmlength were
made. To insert the fiber, each plug was positioned under a

st ereom croscope and tweezers 20 were used to insert a fiber into the
openi ng of each of the plugs. Each plug was then placed in a gl ass
vial and packed in a pouch. Gamma radiation sterilization was then
performed w WP 2071683 does of 15 Kgy at about 0.2 KgyfHIFW07EIaNpl e 2
25A plug made according to the nethod of Exanple 1 that is 0.6 mMmmin
|l ength and a fiber having a dianeter of approximtely 0 2 mm and
containing 25 ww was placed in a glass vial with 1 cc of phosphate
buffered saline having a pH of 7.4. The vial was placed in an

i ncubator at 37 C and gently agitated. A qouts of lIce were collected
at intervals at 3, 8, and 24 hours and then weekly and anal yzed for
30 drug content via HPLC. Figure 11 is a graph depicting the results
of the analysis. 21 Exanple 3 A plug %g.‘;g&g_@ccordi ng to the method of
Exanple 1 that is 0.9 nun in length 5 fiber with an
approximately 0 6 nmm di aneter and contEatmilhl 25 % was placed in a

glass vial wigh 1 CCAQTSOI%Q%E}H@Fé?;sihﬁ{pr@Ea‘?ﬂ)la%@hé Wit HavERR M, BH of 7. 4.
The vial was placed in an incubator at 37 C and gentlé agit at ed.
Aliqouts of 1 ccérPrermaiely!f8edaad ampverage M obapproxglytl 0080 vrChh Exanpl e

2 and anal yzed f(@iléhldf@onCAREET)waY écblied Gith EEQEERALBVIATANEYY, 2kema),
depicting the r ea%c&l H)(? g 8ft bil&liﬂgprgs? ?&;}g/?:r{arsl Chelngicals), each with a purity of greater than

10 approximatcly 97 %. The mixturc was then placed in a twin-screw micro-
compounder Madel No. 20000 from DACA Tndustries, Inc. that was fitted with a
0.25 mm die and compounded for 15 min. at 120 rpm and 67°C . Following

compounding, the mixture was extruded into fibers at 75° C.

15 The fibers were cut into approximately 1.5 mm in length sections and
inscrted into the opening of Sharpoint ULTRA™ plug, available from Surgical
Specialties. 70 plugs with drug and 30 placebo each of a 0.6 mm length were made
and 70 drugs with drug and 50 placebo each of a 0.8 mm length were made. To
insert the fiber, each plug was positioned under a stereomicroscope and tweezers

20 were used to insert a fiber into the opening of each of the plugs. Each plug was then
placed in a glass vial and packed in a pouch. Gamma radiation sterilization was then

performed with a total does of 15 Kgy at about 0.2 Kgy/min.

Example 2
25 A plug made according to the method of Example 1 that is 0.6 mm in length
and a fiber having a diameter of approximately 0.2 mm and containing 25 % w/w
was placed in a glass vial with 1 cc of phosphate buffered saline having a pH of 7.4.
The vial was placed in an incubator at 37° C and gently agitated. Aliqouts of lcc
were collected at intervals at 3, 8, and 24 hours and then weekly and analyzed for

30 drug content via HPLC. Figure 11 is a graph depicting the results of the analysis.



22 Wat is claimed is: 1.A punctal plug, conprising: a body
having a first end, a second end, and a | ateral surface extending 5
bet ween the two ends; a reservoir contained within the body,
wherein the reservoir conprises at | east one opening, and contains an
active agent-containing nmaterial that conprises at | east one active
agent; and WWHEABHe body is i npermeabl e to the act PGEURBBNATIS2010
2. A punctal plug, conprising: a body having a first end, a
second end, and a |l ateral surface extending between the two ends; a
reservoir contained within the body, wherein the reservoir conprises
an opening at the first end, the second gnd, or both the first and
second ends of the 15 body, and contains an active agent-contai ni ng
material that conprises at |east one active agent; and wherein the
body is inperneable to thc active agent. 3. The punctual plug of
claim1, wherein the lateral surface gkahflesbody has an

A plug made according to the method of Example 1 that is 0.9 mm in length
5 and a fiber with an approximately 0.6 mm diameter and containing 25 % was placed
in a glass vial with 1 cc of phosphate buffered saline having a pH of 7.4. The vial
was placed in an incubator at 37° C and gently agitated. Aliqouts of 1 cc were
collected at intervals as set forth in Example 2 and analyzed for drug content via
HPLC. Figure 12 is a graph depicting the results of the analysis.
10



outer dianmeter that is substantially circular in shape and a portion
of the lateral 20 surface has an outer dianmeter that is greater than
that of the renmainder of the |ateral surface 4. The punctual plug of
claim?2, wherein the |ateral surface of the body has an outer
diameter that is substantially circular in shape and a portion of the
| at eral surf AXOWA48E outer diameter that is greater PEHBROG7AE200f
the remai nder of the lateral 25 surface 23 5. The punctal plug of
claim1l1, 2, 3, or 4, wherein the active agent-containing material is
at least partially water-soluble, dissolves over time, and rel eases
the active agent through an opening in tQp reservoir as it dissolves.
6. The punctal plug of claiml, 2, 3, or™4, wherein the active
agent-containing 5 material is biodegradabl e, degrades over tinme, and
rel eases the actWhatisgdpemrd it:hr ough an opening in the reservoir as it
degrades. 7. The punctal plug of claiml1, 2, 3, or 4, wherein the
acti veagent - contlai ni Aguiad plig,abmprisingnsol ubl e in water and

non- bi odegr adabl e andbap act”¥% qgent $ sgivglytdhff ses fromthe
material through an OPEMi NG &N tHE" P ARV e @ fateral Sugtacegilendiig ot al

pl ug of cl ai nd 3,beweerdthe mvendst N t he portion of the lateral surface
that has an outer di QFEE&‘%E{ cgﬁtﬁﬂéd%i}hﬁﬂﬁgbotdp,%hegfn thd s B TRLMGREs LT the
| ateral surface secures the punctal plug in a lacrimal ca cul us
when the punct alleastoggoneging nadeantaihs pmaciieagericpitaining matard] thatgomprises &,
The punctal pl uge@fon€hdivdebnt, 4d 3. Or 4, wherein when the punctal
plug is inserted into a lacriml canaliculus of an eye, an opening in
the reservoir faces Vhfgei{igbedyd mpemsghis i &ieagbisress rel eased into a
tear fluid of the eye. 20 10. The punctal plug of claim1, 2, 3, or 4,

wherei n when§he punﬁ&aﬁﬂctaﬂ)lﬁ'& ci)rﬁprising:

a body having a first end, a second end, and a lateral surface extending

between the two ends;
a reservoir contained within the body, wherein the reservoir comprises an
opening at the first end, the second end, or both the first and second ends of the
15 body, and contains an active agent-containing material that comprises at least one
active agent; and

wherein the body is impermeable to the active agent.

3. The punctual plug of claim 1, wherein the lateral surface of the body has an
outer diameter that is substantially circular in shape and a portion of the lateral
20  surface has an outer diamcter that is greater than that of the remainder of the lateral

surface

4, The punctual plug of claim 2, wherein the lateral surface of the body has an
outer diameter that is substantially circular in shape and a portion of the lateral
surfacc has an outcr diameter that is greater than that of the remainder of the lateral

25 surface



inserted into a lacrimal canaliculus of an eye, an opening in the
reservoir faces a nasolacriml duct and the active agent is rel eased
into the nasolacrinmal duct. 11. The punctal plug of claiml, 2, 3, or
4, wherein when the punctal plug is 25 inserted into a |acrinal
canal i culus of an eye, an opening in the reservoir faces the eye and
the active ademoli14%83%| eased into a tear fluid of thePEYES2RAEIANROt her
opening in the reservoir faces a nasolacrimal duct and the active
agent is also released into the nasol acri mal duct.

23

3. The punctal plug of claim 1, 2,3, or 4, wherein the active agent-containing
matcrial is at least partially water-soluble, dissolves over time, and releases the

active agent through an opening in the reservoir as it dissolves.

6. The punctal plug of claim 1, 2, 3, or 4, wherein the active agent-containing
5 material is biodegradable, degrades over time, and releases the active agent through

an opening in the reservoir as it degrades.

7. The punctal plug of claim 1, 2, 3, or 4, wherein the activeagent-containing
material is insoluble in water and non-biodegradable and the active agent passively
diffuscs from the material through an opening in the reservoir.

10
8. The punctal plug of claim 3, or 4, wherein the portion of the lateral surface
that has an outer diameter greater than that of the remainder of the lateral surface
sccures the punctal plug in a lacrimal canaliculus when the punctal plug is inscrted
in the lacrimal canaliculus.

15
9. The punctal plug of claim 1, 2, 3, or 4, wherein when the punctal plug is
inserted into a lacrimal canaliculus of an eye, an opening in the reservoir faces the

eye and the active agent is released into a tear fluid of the eye.

20 10.  The punctal plug of claim 1, 2, 3, or 4, wherein when the punctal plug is
inserted into a lacrimal canaliculus of an eye, an opening in the reservoir faces a

nasolacrimal duct and the active agent is released into the nasolacrimal duct.

11.  The punctal plug of claim 1, 2, 3, or 4, wherein when the punctal plug is
25 inserted into a lacrimal canaliculus of an eye, an opening in the reservoir faces the

eye and the active agent is released into a tear fluid of the eye and another opening

in the reservoir faces a nasolacrimal duct and the active agent is also released into

the nasolacrimal duct.



