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
clainms priority fromprovisional 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 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, terned the superior lacrinmal punctumand the inferior

l acrimal punctum respectively. Fromthe superior and inferior
puncta, the tears pass into each of the superior and inferior

lacrimal 20 canal i culpsncraspasts Mok YHEWHLSVERY 6F AeaivE hlsenpgt hways
that lead to the lacrimal sac. The lacrimal sac is the superior,
expanded portion of the nasol acri l(ﬂﬂpt, which drains tears into
the nasal system Active agents can AHI&eI&B vered to the nose and
throat through the | @bspresett iamth irdattsito datreCsnitdbafdr defitding idstances to
nasol acrimal d ucc;[né or more of the eye, nose and throat. In particular, the invention relates to

punctal plugs for delivery of at least one active agent.

Related Applications
10 This application claims priority from provisional application United Statcs
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 cyc to a shallow pool, known as the lacrimal lake, located where the cyelids
come together at their inner ends, From there, the tears drain through small
openings in each of the upper and lower eyelids, termed the superior lacrimal
punctum and the inferior lacrimal punctum, respectively. From the superior and
inferior puncta, the tears pass into each of the superior and inferior lacrimal
20  canaliculus, respectively, which are duct-like pathways that lead 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 diseases 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 cornea 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, topically applied
active agents can penetrate through the cornea and rise to

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, thc 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,
while injections pose the risk of 5 infecgtion. The majority of
ocul ar active agents are currently delivered topically using eye
drops which, though effective for sone applications, are inefficient.
When a drop of [|diggfiveatageusiadhst in Qgalpfaingsiyeion; the grjige ggongmayirepsh the cye

conj unctival sacnidoh@y Pemb&itraikd tDRVEE QestrREpraYRicAiScat &l dnheirg@UST NY
a substantial portion 8L t.he drogﬁto_be Igst due to pverflomLif t he
lid margin ont o PRBIRIGEBXsigficanyeysiemisside stfecipehilydnipctipnsgia thotsksf t he
drop that renminsfe@idnt he ocul ar surface is drained into the |acrinal
puncta, diluting the concentration of the drug. 15Brief Description
of the Draw ngs Figure 1 is a sectional view of a punctal plug
havi ng a body 10 w t fheamgj@niy affcgelar sigragats dtfcuandlyaelivesd topoilly dshg

wi t hin the body yeXo) j : riG: ri

contains active ggﬁﬂﬁﬁgﬁﬁ@ﬁ%h?§§§F€%¥%ﬁ%g*ﬁgﬁﬁﬁﬁa%%%ﬁ%%atgﬁﬁ?ﬁrough
whi ch the acti velreppétguid 8 afided fosthegysdtjoverfills the conjunctival sac, the pocket

10 between the cye and the lids, causing a substantial portion of the drop to be lost due
to overflow of the lid margin onto the cheek. 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
Figure 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 11 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 released,
25
Figure 3 is a sectional view of a punctal plug having a body 30 with an
enlarged 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



20 Figure 2 is a sectional view of a punctal plug having a body
20 with an enl arged segnent 22 and a reservoir 25 wthin 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 released. 25 Figure 3 is a sectional view of a punctal plug
having a body 30 with an enl arged segnent 32 and a reservoir 35
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 having a body 40 with an

enl arged segnent 42, a reservoir 45 within the body 40 that contains
a polynmeric nmaterial 41 that contains active agent 48, and a
collarette 44. The reservoir 45 has 5 an,opening 43 through which the
active agent 48 is rel eased. Flgure 5 is a sectional view of a
punctal plug having a body 50 with an enl arged segnent 52, a
reservoir 55 within Fﬁ@fﬁéﬁy£6@n%H&ﬂ“@éﬁWﬁWﬁ@%dMﬁ@B?HEWH@“Wﬁ@@r|aI 51

that contains achiagd ah4§%mmﬁﬂgua5&mhh@&%&&ﬁm%ﬁtm%ﬂ%sﬁﬁ&%ﬁ&ﬁ'f 55
has 10 an openi ng 53 through which the active a i s rel eased.

Figure 6 is a setdsghHl th%?F%“ﬁfaCté’eﬁ%ﬁ’i‘&faaP“dpﬂ Cﬂﬁargﬁ\?ﬂnﬁh%e‘ﬁﬁay ABbBrswi t h

an enl arged ssgn@Rpentig 43 st ShicRibe abibve Whdnhigls fehgsebody 60 t hat
contains a polyneric material 61 that contains active agent 68, and a
collarette 64. The reservoir 65 has 15 two openi ngs 63 and 63

t hrough whi ch t he acFigwe 5a&gpenadtiond view of @ beasbtlug having a bddygarm@hdni s a

ti | vi l.~ R e\ . . i bl
ol yrer ¢ ot or (Ao ARLE 52 Bttty RS DfhifugREK, o0 B BARInRh pflyblef P! ©
cot er mi nous wi t Hmatdriel P dbhy coptrins aptiye aganbiy, endgtcolbargig 54 THee reseveir vdhas 75

contains a pgpy rﬁﬁ%b&xing 53 through which the active agent 58 is relcased.

Figure 6 is a sectional view of a punctal plug having a body 60 with an
cnlarged segment 62, a rescrvoir 65 within the body 60 that contains a polymeric
material 61 that contains active agent 68, and a collarette 64. The reservoir 65 has

15  two openings 63 and 63’ through which the 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 71 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 81 that contains active agent 88, and the reservoir 85 has two openings &3

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

Figure 9 is a three-dimensional view of the punctai 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



20 material 71 that contains active agent 78, and the reservoir 75
has an opening 73 through which the active agent 78 is rel eased.
Figure 8 is a sectional view of a punctal plug having a body 80 made
of a flexible polynmeric material, a reservoir 85 within the body 80
that is cotermnous 25 with the body 80, and a collarette 84. The
reservoir 85 contains a polyneric material 81 that contains active
agent 88, and the reservoir 85 has two openings 83 and 83" through
whi ch the active agent 88 is released. Figure 9 is a

t hr ee- di nensi onal view of the punctal plug depicted two- 30
dinmensionally in Figure 4 having a body 90 with an enl arged segnent
92, areservoir 95 within the body 90 that contains a polyneric
material 91 that contains active 4 agent 98, and a collarette 94.
The reservoir 95 has an opening 93 through which the active agent 98
is released. 5Figure 10 is a sectional view of a punctal plug having
a body 100 with an enl arged segnent 102, a reservoir 105 wthin the
body 100, a col |agewP8.end oepllamgitnPa Thenser oS hassupedednedi dhraugB which e
reservoir 105 copfiripstas Rediss@ri ¢ material 101 that contains active
agent 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 rel gigee 19LQkédtionad GEw bhepuastaiGhalhathdoboal 160adne 2.

enlarged segment 102, a rescrvoir 105 within the body 100, a collarette 104, and a
tapering, rounded end 103. The reservoir 105 contains a polymeric material 101 that
contains active agent 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 Illustrative Embodiments
The present invention provides punctal plugs that can be used to deliver
active agents to one or both of the nasolacrimal duct and fo 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 confains a material that comprises, consists essentially of and consists

25 ofat 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



Figure 12 is a graph depicting the active agent release profile for
the punctal 15 plug of Exanple 3. Detail ed Description of the

I nvention and Il lustrative Enbodi nents The present invention
provi des 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 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 |lateral 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 opening and contains a material that conprises, consists
essentially of and consists 25 of at |east one active agent; and
wherein the body is inpernmeable to the agtive agent. Referring to
Figure 1, punctal plug body 10 has a reséervoir 15 that contains at

| east one opening 13 and active agent 18 is rel eased through opening
13, for exanple, when the active agent-containing material 11,
preferably a polyneric material, dissolves, degrades, or the active
agent 18 sinply mxélﬂcth@d%ﬁvcoargcdt% rél%%ﬁdthgﬂu%&%m@a%'a@a[ firdt'end, 2 for
dependi ng upon the nature of the material peni ng t hrough 5
whi ch the acti vexapRat Higrg lap sesendend o epaplp infigwed opeoth he fiberdat a

first end, as fcaecoammpbﬂhéﬂuﬁ@yaﬁoﬂexaﬁp@%%dnﬁ@&easm&]eﬁg BXRRRl e i n

Figure 2, or oth th and second ends of the plu for
exanpl e shown’i it 'if"i‘cﬁ ?f?‘gglf S grenng 17 lopatgdzf ong OEE‘?"F g%ﬁ g‘%‘é‘?@o
Preferably, the seqsmmexnig ]nSJaﬂtl&ﬂﬁ‘te&lﬁmﬂrheMﬂ(eﬁnvbﬁﬁdﬂ fof extifaple B hodn and
second ends. In ul ar V. [ xanppl e
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32 of the body wutd’@mmzpsnctﬁﬂlam f@‘uct:tuahﬁ tge pinztel rdued irsthalpgintabrangl@olys.i ng
the punctal plugs in the lacrinmal canalicul us.

10 For delivery of an active agent into the tear fluid of the cye, a punctal plug is
inserted into a lacrimal canaliculus and the active agent is released into the tear fluid
of the eye. Referring to Figure 4, for delivery into the tear fluid, a collarctte 44 is
preferably provided on body 40 of the punctal plug and, when the punctal plug is
inserted info the lacrimal canaliculus, the collarette 44 rests on the exterior of the

15 lacrimal punctum. For delivery of active agent into the nasolacrimal duct, a punctal
plug is inscrted, preferably decply, into the lacrimal canaliculus and the active agent

is released into the nasolacrimal duct.

As used herein, the term “punctal plug” refers to a device of a size and shape
20  suttable for insertion into the inferior or superior 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



10For delivery of an active agent into the tear fluid of the eye, a
punctal plug is inserted into a |acrimal canaliculus and the active
agent is released into the tear fluid of the eye. Referring to Figure
4, for delivery into the tear fluid, a collarette 44 is preferably
provi ded on body 40 of the punctal plug and, when the punctal plug is
inserted into the lacrimal canaliculus, the collarette 44 rests on
the exterior of the 15 lacrimal punctum For delivery of active agent
into the nasol acrimal duct, 'a punctal plug is inserted, preferably
deeply, into the lacrimal canaliculus and the active agent is
rel eased into the nasol acri mal 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 superior |acriml canaliculus of the
eye through the inferior or superior lackimal punctum 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 agefté ¥sefl ptinydies phpse gt that st loat patiatly water-soluble”
phar maceuti cal s g/ iubhitasehhd SRbSs 2 IRCEEREILE By REHAMQu AR S redEn
capabl e of treaé&nﬁé inhiPLtiq , or preventin%ra di sorder .or a
di sease of one JFCRBHedFPLighe gﬂfé’}ater’i‘é]sl@méﬁ‘@ost“ 'f 3 aquegys environmegg ;5
herein, the phrase "a material that is at |east partially
wat er - sol ubl e" referg_ta material fthat .exhibits a |evel .of
sol ubi Ty in water Supe BrdRRi e etple R BrideduBYreler e on of
the materi al upomteERribs degadentoanetagabéndegree mon expvseato.bidogically actihs used
herein, the phr%agmfamg?kggh%&m&mﬁ&[#ﬁﬂpiodegradable" refers to a

d o] bl'e

mat eri al that degrades etecta degree upon exposure to
bi ol ogically active substances typically present in mammls. 10As

used herein, jphe phr a$gd RerdRuR Phake tahioriiShdt RIRLHBL & WRMREE! (o a
refers to a material] that does not dissolve to a substantial degree
upon exposure t dnajgypldpat does not dissolve to a substantial degree upon exposure to water.

As uscd herein, the phrasc “a material that is non-biodegradable” refers to a
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 ferm “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



As used herein, the phrase "a material that is non-biodegradable”
refers to a material that does not degrade to a substantial degree
upon exposure to biologically 15 active substances typically present
in manmal s. As used herein, the phrase "body that is inperneable to
active agent"” refers to a body through which only an insubstanti al
anount of active agent can pass. 20As used herein, the term
"polyneric material" refers to a material nmade of one or nore types
of polymers that is capable of containing at | east one active agent
and rel easing the active agent, for exanple, when the pol yners

di ssol ve or degrade, when the active agent diffuses fromthe

pol yners, or when a pro-drug is used in which the active agent is
attached to the polynmers and then rel eased by being 25 cl eaved from
the material . As used herein, the tgrm "opening” refers to an
opening in the body of a punctal plug of a size and shape through
whi ch the active agent can pass. Preferably, only the active agent
can pass through the opening. The opening, for 30 exanple, may be a
hol e covered W tufcavef¥RMPHcaRenbraE Shbsh, OF &réll My be bnd@YndREof pbroiBGeMer ed.

The menbrane, nesh, or grid nmay be gne or. r f porous,
seni - por ous, peHﬁﬁﬂbP@?%ﬁﬁﬁfgﬁé?ﬁﬁﬁﬁﬁé?ggﬂggﬁﬁﬁgegradable. 5
5

As uscd herein, the phrase “flexible material” refers to a matcerial that is not
rigid and that substantially conforms to the surface of whatever object the material

contacts.

10 As uscd herein, the phrasc “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 considercd 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 reservoir 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 collarette 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
least 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 piug body. The
portion 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



As used herein, the phrase "flexible material"™ refers to a materi al
that is not rigid and that substantially confornms to the surface of
what ever object the material contacts. 10As used herein, the phrase
"the reservoir and the body are coterm nous" indicates that the
reservoir is substantially all of the body. A collarette can be
attached to the body when the reservoir and body are coterm nous, but
the collarette would not considered to be part of the body. 15As used
herein, the phrase "refilled with active agent" refers to addi ng any
det ect abl e anount of active agent to the reservoir of a punctal plug.
The present invention enconpasses 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 canalgi culus, the superior

| acri mal canaliculus, or both the inferior and superior |acrimnal
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 col |l aret t@a:ﬁéttlﬁ@ﬁtelﬁﬂdfﬂif: lat;ﬂnﬁallpﬁniwm a‘ﬁheee@mk thﬂiatlﬂué ford poOrtion
of the punctal ﬂ@ %)t ex&g ds Hadlﬁ hﬁ w% ¥ 25 one end
of the body to é B PO LYR HIF Beamt! Cangh a0t G oA"%8 bf@‘”“-‘%fh © BUIg e
such that at beaat tha tqaofiiid ofthedye ishmindhddarette will extend beyond and
be exterior to the lacrimal punctumafter insertion of the punctal
plug into the lacrimal canaliculus. Typically, the collarette wll
extend about 0.2 to Hitwypunclal phetrayling uitko flivg dbbaypgent teghqrasdlicomalof

the punctal pl ug,yf ﬁlbp&h&mf sq&al,irﬁrﬁwé gcauﬁreet ik %nggh%mﬁea%t he

inferior 30 |acri nal punctu e superior acrl unctum
Referring to Fi gsufﬁéle@ depth pithig epe @égt#@ﬁthe boria ganglxyl) s ﬂ?aéthP AgE? t ed

into one of the d?éiﬁﬁtrélmsccﬁﬂtg tieQAckia Bhd. Ein BfhutcE B ihoueB3 a@gaﬂl@&icxﬁrﬂﬂc&
exterior of the lacri ctun1and t he punct al rom

sli ppi ng down irﬂfamtcﬁgﬁv%wq T dElhieR 9 ewmeaggfa%%lﬁn@aﬁffm dgbt ween
the punctal plug 5 and the tear fluid of the eye is naintained.

The numerous punctal plugs of the invention cach have various features and

advantages. For example, certain punctal plugs have a body with a first end, a

15 second end, and a lateral surface extending between the two ends. The lateral
surface preferably has an outer diameter that is substantially circular in shape and,
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



If the punctal plugs are being used to deliver active agent to the
nasol acri mal duct, the punctal plugs nmay not have a collarette so
that they may be inserted at a sufficient depth within one or both of
the lacrimal canaliculi such that the active 10 agent is rel eased
into the lacrimal sac. In Figures 1 through 3 are depicted exanpl es
of punctal plugs useful for delivery of an active agent into the
nasol acri mal duct. The nunerous punctal plugs of the invention each
have various features and advantages. For exanple, certain punctal
pl ugs have a body with a first end, a 15 second end, and a | ateral
surface extendi ng between the two ends. The lateral surface
preferably has an outer dianmeter that is substantially circular in
shape and, thus, the body preferably has a cylindrical shape. A
portion of the lateral surface of certaig of the punctal plugs
preferably has an outer dianeter that is greater than the outer

di aneter of the remainder of the lateral surface. Wth reference to
Figure 2, 20 the enlarged portion 22 of the |ateral surface anchors
or secures the pbeghalto ﬂjougssmlinnn fehi@h, lpagdrdbiBdbo@arrad houl 1iSmm il Rngth.
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partially anchors the punctal plug in the lacriml canaliculus.
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have an untaper &g, RodyactPHRAGSLRL 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

variety of shapes ar?h(ﬂﬁﬁ?bimm%unctﬁ paiggmay &rﬁadﬁ:@fﬁﬁ@dlﬂ&bl@b%ﬂ%ﬁﬁ?ﬂﬁ@ngtg
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polymers, such as, for example, hydrophilic monomers of
polyhydroxycthlymcthacrylate (“pHEMA™), polyethylene glycol,
polyvinylpyrrolidone, and glycerol, and silicone hydrogel polymers such as, for

15 example, those described in U.S. Patent Nos. 5,962,548, 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(propyiene glycol); poly(vinyl alcohol}; poly(hydroxyethyl methacrylate),

20 poly(vinylpyrrolidone) (“PVP”); polyacrylic acid; poly(ethyloxazoline),
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 sulfate, 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 (“PVDF?),
and teflon; polypropylene; polyethylene; nylon; and ethylene vinyl alcohol
(“EVA”).

30



5 The body of the plug may be wholly or partially transparent
or opaque. Optionally, the body may include a tint or pignent that
makes the plug easier to see when it is placed in a punctum 10The
body of the punctal plugs may be nade of any suitabl e bioconpatible
material including, without Iimtation, silicone, silicone bl ends,
silicone copolyners, such as, for exanple, hydrophilic nononmers of
pol yhydr oxyet hl ynet hacryl ate ("pHEMA"), polyethylene glycol,

pol yvi nyl pyrrol i done, and glycerol, and silicone hydrogel polyners
such as, for 15 exanple, those described in US. Patent Nos.
5,962,548, 6, 020, 445, 6, 099, 852, 6,367,929, and 6, 822, 016,

i ncorporated herein in their entireties by reference. O her suitable
bi oconpati ble materials include, for exanple: polyurethane;

pol ymet hyl met hacryl ate; pol y(ethyl ene glygol); poly(ethylene oxide);
pol y(propyl ene glycol); poly(vinyl alcohol); pon(hydroxyethyI

nmet hacryl ate); 20 poI (V|nyI rrol i done) ("PVP") yacrylic acid
pol y( et hyl oxazol i ne) T ﬁ??&?%%?ﬁ%Pmﬁé*vl5ﬁ*ﬁEW“Pﬁ§@§ﬁﬁﬁﬁtBﬁﬁgﬁh§MCh
as, for exanpl E,m@hﬂﬁ/ﬁlﬂ(bhé’&rrﬁﬂ@éﬂlﬁﬁcﬁﬁnb%ﬁdxdlﬁ&mdﬂ%ﬁfc&mfﬁdﬁfﬁ)@{eﬁdtﬂs

acryllc esters, o[ sacchari d and carb r at Cc

exanmpl e, hyal ur Ol&‘P QT COH‘B@I’?&% an ﬁfé‘fﬂﬁ?c‘?‘@é‘}gﬂﬁq 'ége"“;‘ht‘ﬂ/tg? oxyl
propyl ceIIuISSqmngﬁhlEnmgumbﬂgmakcguhmshapﬁﬂﬁmmﬁuhhahelgﬂhmndrltln
sul f ate, heparin Ilag§ (ﬂ'oxarct% lrr]n?tth %ﬁg:ol;\% %EG arm aanrm{ua%u)f]%”t% €,

gel atin, collagen um i,
fluori nat ed poIyndnwnwsu¢hww@ﬂcﬁwmm@mampwemEp@b@ﬂ@@maﬁkudmm@mhylene

("PTFEE ). Dol YVI¥faleHE0R kel ﬁscr;ﬁ;% i hlt?-ﬁa bighdeAflacig,
polypropylene pol yet hyl ene; % V|n¥ ‘coho
("EVA"). 10 carboxymethyl celiulose and the like and comblnatlons thereo

10
Certain embodiments of the punctal plugs of the invention have a body made

of a flexible material that conforms to the shape of whatever it contacts. Optionally,
the plug may have a collarctte formed of cither a less flexible material than that of
the body or material that too conforms to the shape of whatever it contacts. When a

15 punctal plug having both a flexible body and a less flexible collarette is inserted into
the facrimal canaliculus, the collarctte rests on the exterior of the lacrimal punctum
and the body 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 include,
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
polyolefins 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.



The surface of the plug body may be wholly or partially coated. The
coating may provide one or nore of lubriciousness to aid insertion,
muco- adhesi veness to inprove tissue conpatibility, and texture to aid
in anchoring the plug within the 5 punctum Exanples of suitable
coatings include, without limtation, gelatin, collagen, hydroxyethyl
met hacryl ate, PVP, PEG heparin, chondroitin sul phate, hyal uronic
acid, synthetic and natural proteins, and pol ysaccharides, thioners,
t hi ol ated derivatives of polyacrylic acid and chitosan, polyacrylic
acid, carboxynethyl cellulose and the |Iike and conbi nati ons t hereof
10 Certai n enbodi nents of the punctal plugs of the invention
have a body nade of a flexible material that conforns to the shape of
whatever it contacts. Optionally, the plug may have a collarcttc
formed of either a less flexible material, than that of the body or
material that too conforns to the shape of whatever it contacts. Wen
a 15 punctal plug having both a flexible body and a | ess flexible
collarette is inserted into the lacrimal canaliculus, the collarette
rests on the exteri orTh®funéth@lgdsfthd T enidNGhidiNaaRevéibRithe gy vady, {dae
punctal plug conforns to the shag'e of the lacri malp ggnal i.(iul us. The
reservoir and t HE® HERPISPUELET 2P0 AR CPIATGS B, Tof Bpigpil ray be any

cot er mi nous. ThahatérR] thithecormpaibiandihrthodetiigbnt prepeitado bpHelyerepbetheplapl v
meke up the entiarnggs)éaoa%lctopl%lcgs?lg th %9 -eaxgqftthfa?r' Hhe C-OltJ ar ghme

I'n embodi ments iH WHFCH CShE BHESBT UGS B IBTE "HER> " RSf Par et t e
are used, the f|dssolbhgotysgydingwef tlid restéris] @ difbkbompBhe wtiveagett Gomulte of

material s that ijelude i L i ; .ene
terepht hal ate (“'bé‘%fﬁ‘““&‘@*%ﬁtu f‘;’%‘%‘?&&%@”%?deﬁﬂeﬁg‘?vétg gén%l&%%ﬁ”fgn .
pol yet hyl ene, ponaiiecingladieg wihqui imitpsion, pripmericyatiTialsglhith peairallycequitivg .

Punctal pl uggoMade s@ifnciy hépolyatelic mEREals ROLKES, BVhGR BmitRYANG1asQE and
pol yol efins are typically manufactured f exanpl e and wt hout

.or. . . 1 W ]
limtation, ext g6 RPEEa!s SRreanr aristals eludipg pbroHmitatign. PRgHEt al
pl ugs nmade of | ak@icsNipldy,uFéshamde libd dnt GolEnations thXIfE BERrably Rh&atily

manuf act ured usi ng sol ut.i on cafti ng, 30 .processes, . 121[ .
agent containing-material 1s a polymeri€ matcrial, m which at’Teast one active agent

is disposed on, dispersed throughout, or otherwise contained. The body is preferably
15  impermeable to the active agent, and the reservoir has at least one opening through

which the 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



The punctal plugs of the invention contain a reservoir within the
body, and the reservoir contains an active agent-containing material.
The material may be any 5 material that is conpatible with the active
agent or agents to be delivered by the plug and is capabl e of

rel easing the active agent in the desired manner, for exanple by

di ssol ving or degrading of the material or diffusion of the active
agent fromthe material. Any nunber of material may be used as the
active agent-containing material including, without limtation,
polymeric materials, both naturally occurring 10 and synthetic,
non-pol ymeric materials including, without Iimtation, glasses and
clays, organic materials, inorganic materials including, wthout
limtation, porous ceramics, |ipids, waxes and the |ike and

conbi nations thereof. Preferably, the actjve agent
containing-material is a polyneric material, in which at |east one
active agent is disp on, di spersed throughout or otherw se

cont ai ned. The Hfb‘iﬂ‘?“r n FW%F@BP?I%§d$%%?M|t@ agtiyc pprat 1§ Kqlsayed Iigent |
and the reservoithc B@sluafofil@agd one openi ng t hrough which the active
agent is rel eased. The body has one or nore openings

comuni cating with the reservoir at a first end, as shown in Figure
4, a second efd a shﬁhwiziermfiﬁbgpm'mg&,ﬂlbd’rdmdbbﬂ Ifrint tptabaan2ls #th second
ends of the body Fiau [ on. t he
body. In parti cdl cg?ralg%%"g”tl drrf\:}n L %glftggn?r}l\v@%\tf al% %nc\(il,ﬁréc gpcg‘n%% a%cl}c
plugs are inserﬂe@ﬂmhﬂmhwhemﬂauﬁmmﬁhmw@naﬁﬁcuIus 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 boByePwefaigarufictyiag e aerciaheliesasdel i haiverior ye agent

is 25 rel eased iwdiGnbdie m&glﬁ@lﬁ bl@dr&uﬁﬁfdcduf&dw;?&%u&rm‘ﬂh REs in

ot her epen g WSk kg eens Bt et e R bl Rt

the active agentboih®f ateéaeaﬁae activeigentaad the bdiive bgRarcohdining rrﬁfenﬁlhﬂas&}ﬁ@ntand

t he nasol acri nal uct . r tfl}ﬁ)epqu’%%ra&m 1 lugs with a.coll a ette t he
re

to an fd l‘CO One or mMore cxcipa 01d’
openi ng of such punf:nt al “plugs 9% era ocat ed WTHRIHY

collarette, pr efcemb;bédywmhft evergattplahe qar ¢onrdnmatiﬁn Wihﬁhaqmﬂynanemhierial.\/%e n
such punctalgplugs are inserted into the 12 lacrimal canalicul us,

the opening faces the eye, and the active agent is released into the
tear fluid of the ey@cpcndmg upon the active agent-containing matcrial sclected, the active

agent can be released from the material almost immediately, or the active agent can
be released in a sustained manner over a desired period of time. For example, a
polymeric material may be used that is composed of one or more polymers that are

20  atleast partially soluble in water. When such a polymeric material is exposed to the
aqueous environment of the lacrimal canaliculus or the tear fluid, 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, poly(ethylene glycol);
poly(ethylene oxide); poly(propylene glycol); poly(vinyl alcohol);
poly(hydroxyethyl methacrylate); poly(vinylpyirolidone); 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



5The size of the opening will be fromabout 1 nmto about 2.5 nm and
preferably about 0.15 mmto about 0.8 nm |Instead of one |arge
opening at any one location, nultiple small openings nmay be used.
Processes for manufacturing the punctal plugs useful in the invention
are 10 well known. Typically, the plugs are manufactured by injection
nol di ng, cast nolding, transfer nolding or the like. Preferably, the
reservoir is filled wth one or both of at |east one active agent and
the active agent-containing material subsequent to the manufacture of
the plug. Additionally, one or nore excipients may be conbined with
the active agent alone or in conbination with the polyneric material.
15 Dependi ng upon the active agent-containing materi al

sel ected, the active agent can be rel eased fromthe material al nost

i medi ately, or the active agent can be gl eased in a sustained
manner over a desired period of tinme. For exanple, a polyneric
material nmay be used that is conposed of one or nore polyners that
are 20 at least partially soluble in water. Wen such a polyneric

material is expQﬁ&ldoieﬂlyﬁhﬁyl@q:lpﬂ%&ll@B,\@ellamrgﬁﬁnéuaﬂéuni, h@aiaﬁ@ﬂfaﬁpl
i ssol ve

I I h f
canal i cul us or tchgndtn%ne ltfa!euheipétir g pl&ﬁerkslitgspro %sug%il irF)ia{nple Eﬁ?%t er of

rel ease the active agen
the one or note qbliggmeiteming mmhomhbmhn,hh@pqiyﬂmmﬁ& Tiatpelymaﬂic maerinde

typically wll bﬁsﬁﬁ & éigallgﬂagpog:é%g%h ot 2 nd&cfwﬂfha&n@ 9{) 2&%\%\%1%}!)19”

Sui t abl e pol ynmers
i ncl ude, MAthoutmﬂwmﬁﬁ%mimnmﬁwpoly(ethylene glycol), poly(ethylene
oxi de); pol y(propyl ene glycol); poly(vinyl alcohol);

pol y(hydroxyet hyl nethacrylate); poly(vinylpyrrolidone ol yacrylic
aci d; pol y(et hyl oxaz8f M %matpvm Wﬂlpﬁéﬂlﬁ%m%{%f IHQH?IH%)“&%BWW%MS

such as, for 1examp, de , Bhasphed Mltcrﬁlhﬁi E&legﬁ ISlY:ld néf-polymeric ma.tcn:tl:,
polysulfobetalns

a harlde car ohydr ies an udi
wi thout limitati ?frl.‘P e g W f}sacrs “X55 i 3ey YA A, Dy gnd B
cel | ul ose, hydr qtyebrirer @bjtbl, medditul, &estesgfipltt @idsJuain, zguaﬁthgumrmh,epar an

sulfate, glutathione and the like.

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 mammals. The
biodegradable materials are preferably hydrolyzable 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),



chondritin sulfate, heparin, and al ginate; proteins such as, for

exanple, gelatin, 5 collagen, albumn, and oval bum n; and pol yam no

acids. The polyneric materials in this list can typically be

copol ynmeri zed or blended with one or both of hydrophobic pol yners and

nononmers. As an alternative, a non-polyneric material including,

without Iimtation, a 10 lipid, wax, or inorganic material nmay be

used. Suitable non-polyneric materials include, without limtation,

| anol in, paraffin, sorbates, lecithin, vitamn A D, and E,

gl ycerine, sorbitol, mannitol, stearates, fatty acids, |utein,

zeaxanthin, taurine, glutathione and the |like. 15Alternatively, the

active agent-containing material can be one or nore biodegradabl e

polymers that partially or wholly chem cally degrade upon exposure

to, for exanple, biologically active subgfances typically present in

mammal s. The bi odegradable nmaterials are preferably hydrol yzabl e

under in vivo conditions. Biodegradation may occur nore slowy than

di ssolution, and the material can thus 20 conpose one or nore

bi odegr adabl e paloy@its viaferofde@WO and W(@nﬁ]ﬂlsﬂu@lrd]ﬁ:d)né aleea@eseﬁlﬁ,aghe

active agent is %{ gl ode e pol.ynmers

el ude: it hout T ALEPISH S 55 e dh BTGRP e o Gl

| actide, | act 6ngslynaridmaiiie theloyrdaioniye amreda@ent amctompiren n2kubicdbe@r cal | y

degr adabl e poly % Loyl %Ibql { A n}hat are non-toxic or

present as nornm ’Y»F&@m S%E'olfl !fmes T aﬁab %’o%’ Preferred

pol y(al pha-hydroxy acids) are poly(glycollc aci d), poly(2-dioxanone);

pol y(DL-lactic aci d) ;aNHemRlakibodiRGh e RGHdkent Qon@rmg déﬁL iPpl yners

i ncl ude pol y(am no aci ds), polycarbonates, poly(anhy

pol y(or t hoest er SPIYNSEs Prteiah Eiahia sarphisyl wath et eset o W%Eﬂ%‘é%foémﬂle or

Po: yl( act olnes 180 mdaishwl bi'Eher- mctbt}@mrcdl thamﬁq@hgl&llrg of which mdy be bubstdntlldll (tjhcl

pol y(epsi |l on-ca act de fa capr ol act gne o‘%/é elta-

val er ol act one) %‘B?Sf{ggérﬁgwﬁ% %WB%PQV‘@“%?'@ﬁnﬁg‘éefcﬁlmm ther e

chitosan, al gi natwes er ﬁhbk—llﬂgﬁﬁc’mr&‘.‘ﬂe Bedriad ink. thd WscpafrtiirGugh dite op&ieah S Of

the invention, ttDceplug body. The fibers or fiber-like structurcs may be of a size and a shape

suitable for insertion into the opening and may be about 0.5 to about 5 mm in length

15 and 0.05 to about 2 mm in diameter. If only one fiber or fiber-like structure is used,
preferably, the 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-polymers and the like suitable for cross-
linking via one or more of irradiation, redox, and thermal radical polymerization,
30 Asyet another alternative, the fiber may simply be soaked in the active agent before

or after insertion in the plug.



5 polyneric material the contains the active agent can conprise a

m xture of one or nore dissol vabl e and bi o-degradabl e pol yners.

In a preferred enbodi nent, the active agent -containing material is a
polymeric material that is conbined with at | east one active agent to
formone or 10 nore fiber or fiber-like structures, the dinensions of
whi ch may be substantially the dinensions of the reservoir or smaller
t han such di nensi ons, and one or nore of the fibers or fiber-like
structures are inserted into the reservoir through the opening in the
pl ug body. The fibers or fiber-like structures may be of a size and a
shape suitable for insertion into the opening and may be about 0.5 to
about 5 nmmin length 15 and 0.05 to about 2 nmin dianeter. |If only
one fiber or fiber-like structure is used, preferably, the dinmensions
of the fiber are such that the fiber fitg; 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 symetrical or asymretrical,
dependi ng upon the shape of the reservoir. The internal walls of the
reservoir my be substantially snooth or 20 may include features that
aid in maintaining t e reservoir inc ing, with
i taton surt aces PGP irEd et e orblighasetie ho
like in the i At endtatal MﬂlrﬂoSe pré&bxfabﬂf/ I@éIyMﬁlcynatetrinhaftIlshﬁl’ycqm”licainaisﬁlg t he
active agent or e t he
fiber. As yet ant%?ﬁ xlctscr gﬁé HﬁPSlB“ ]:%rrhl ?(*ng)ggr}d c§1 cvx%yl acc?at’(c 06% n}oyccﬂa
dosed into the p#qsgjlfsrbewplv@put IQQO(hanﬁéDﬂO@nﬂbfmwmwtﬁQﬂ \smhtdtrrteylt As
still another al

htroduced as a oy it ghdiBaR 200 Bako D e it BERE LR vH
pre-pol yners andicgi#earuicd basgd e ot weigh %&13 pelymeicarytapiplandmeEfsiblyor e
of irradiatiqp, 48d9%% &aﬁoftpb@&dg&hacfoa@m@!h R WA LdcmRS Q8. BR As yet
anot her alternative, the fi soaked in the active

be
agent before or PapTgFC i“f’f%ré"’tl t‘%‘%ﬁ’ 5 er’tﬂ}% B%/‘Héha“ ahagt P B PRE A §° 195 £ i ber
or fiber-like stalguﬁstluple&raarygr@aﬂmas@dm@ﬁ Yamp® | HIRF bidinkry JEL @1 thédrt and
nore preferably naterl hat rol act one stiI
nore preferably “6%?%9?% 5Si |ﬂngm oun‘?“é%%hgﬁg}dlltmn%ﬂldét“ﬂ{}) TPSRRPRRIAYE 1
acet at e of nol ecairiad oMmllgtmeétobé{emeancabmmb clafic@09icarfdha80tie¢G8et toAbout
0 to about 199 Vgﬁ{ugg]that% gt%tagents do not become degraded by the process. The

polycaprolactone and cthylene vinyl acetate preferably are combined with the
desired active agent or agents, micro-compounded, and 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-



pol ycaprol act one and about 100 to about O wei ght percent of the

et hyl ene vinyl acetate are used based on the total weight of the
polynmeric material and, preferably, 10 about 50% each of

pol ycaprol actonc and et hyl ene vinyl acetate is used. The polyneric
material used is preferably greater than about 99 % pure and the
active agents is preferably greater than about 97 % pure. One of
ordinary skill in the art will recognize that in conpoundi ng, the
condi tions 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 becone degraded by the process. The

pol ycaprol act one and et hyl ene vinyl acetate preferably are conbi ned
with the desired active agent or agents, mcro-conpounded, and then
extruded as a fiber. The fibers are then;gcut to the desired | ength
and inserted into the reservoir through one or nore plug openings. 20
The anpbunt of active agent. used in the plugs of the invention wll
depend upon t he QBN{RE MagE#HCaRe thieme 8. eeltiigend foms therredas peldMEiises to
be delivered vi andtdiRl, privah btairdt Wgst ohd R ticksbdt @f: i &E@ﬁ&&srcﬁﬂﬁﬁereﬁﬂ']d t he

mel ting points e active. age nd. acti ent - cont n|ng
material . Pref er @e pr?ﬂeuséﬁtﬁ'ﬁggenkls &alﬂguﬁtqﬁe@%ﬁ%{f?ﬁ RRYicy

effective am)ﬁlntap]ill“ﬁ:aﬂitlnslgm@mfaﬁhb_\u‘ﬂﬁreﬁfeﬁ&(tthla‘ﬂﬁtehﬂvaldihtheve the desi red
;Lgﬁ{ WSHBS Itghlag)l u(%?a%IUé%ale ?nsgrﬂ: Iu?tlﬁc Efrlrﬁcﬁ anahé{lﬁls we}&llc iher Jau%cltlﬂ BRI%S In
certain aspects a@ftymltfelyrqmwemﬁqmthetahlemarleeehmsra r@amaltﬂelalrleﬂddbcl el thé t h

a 30 materi al agent - cont ai ni ng
mat eri al has di s@g{talzggg%@m%%glke |not9£ H]g&gaét@alq%lygaent is rel eased.

For exanple, the new active agent- containing material can be
the sane as, jgr di ffaﬂhe{lthc ﬁd’tloéTlgcﬁtt'éSntQiﬁﬁ%hﬁléﬁdlﬁk(ﬂoh‘lﬁﬁéd Wit ﬁﬁl}@lgcntand
can contain at |east o tive agent t i e sane a

different from the"Pit ‘i“ o£R11piY) BneRjaNRFe ma(“ﬁ}sa{sél?aﬁarf)%?ﬂ‘%‘? ‘"Mai?fj%“dused

for particul ar Sompipligeatilgns: foanwitehesctind agelad dffisk.| Bl exdriphe, # the

material while tnt]a?crial is a polymeric material, the material may be composcd of onc or more
polymers that are insoluble in water and non-bicdegradable. Suitable polymers of

15  this type include, for example, cross-liked polymers, such as, for example, cross-
linked poly(cthylene glycol), poly(ethylene oxide), poly(propylenc glycol),
poly(vinyl alcohol), poly(hydroxyethyl methacrylate), poly(vinylpyrrolidone),
polyacrylic acid, poly{ethyloxazoline), and poly(dimethy! acrylamide). 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 entiretics 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;



punctal plugs remain inserted in the lacrimal canaliculus, while

ot her punctal plugs are typically renoved fromthe | acri nal
canaliculus, a new material is added, and the punctal plugs are then
reinserted into the lacriml canaliculus. 10Wen the active
agent-containing material is conbined with the active agent, the
material may al so 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
mat eri al nmay be conposed of one or nore polyners that are insol uble
in water and non-bi odegradabl e. Suitable polyners of 15 this type

i nclude, for exanple, cross-liked polyners, such as, for exanple,
cross-1linked poly(ethylcne glycol), poly(ethylene oxide),

pol y(propyl ene glycol), poly(vinyl alcohpl), poly(hydroxyethyl

met hacryl ate), poly(vinylpyrrolidone), polyacrylic acid,

pol y(et hyl oxazol i ne), and pol y(di nethyl acrylam de). These pol yners
can be copol ynerized or blended with one or both of hydrophobic 20
pol ymers and nDI’yaFyEﬂhﬁleneosﬁi)déri bR A DAy TERE] Sx dnkpRds oaiuaaﬂldw[&@mem tRat bid

wat er and non abl e i.nclude, w u i cone;
silicone bIendse”‘?PP%%%@“@§%6P9ﬁ§?%ﬂPﬂ%ﬁ'%ﬁﬁ&m %ﬁ%ﬁ?“ Pﬂ??%??
hydr ophi | i ¢ nmdnaciteoss,eblypichbdds, cpobycetldysl edeolghodlacid.

pol yvi nyl pyrrol i done, and glycerol; silicone hydrogel polyners such

as, for exanple, those described in U S Patent Nos. 5,962,548,
6, 020, 445, 25 6, 099, 85pun@al pBEs G3Qibedirpckibeag8 29 u@d B, deliver varipoy antied

herein in the'rz@&%d%ﬁ%é&§opMm%%Fﬁéﬁ&ﬁﬁmﬂQﬁﬂﬁﬁh'thﬁw&ﬁﬁﬁ huBrous
without limtation, phosphoryl choline derivatives; polysulfobetains;

pol ysacchari des disgerescoad BISPGrs- Rasis Punpial e sl be wed NGRiver at aﬁtam BHve

hyal uroni c agpd ,dga@&wrcamc Ry @aqweltdaﬁfémlﬁ eylpébtﬂfeaﬁe agmdr PotYekaniplQmy|

cel lul ose, gellan %ﬂn? aB ? @paran sul f ? H%ﬁltln sul fate,
and heparin; pr dUEHHEEHEN % S‘ﬁg}o dgly'epaRgne 1 c?ftfnﬁ 288 n and
oval bum n; poI yapm:mnn@leﬂdsetotff&nlfmmfﬁtatleﬂcap)@duyaﬂcsolbmdduﬁlm:g wi t hout

limitat PTFE | ene;
ylon: and Eva PRI TIERA e arearb P BP 8 tmynr ol Bratieel) o

ei ther or both iirgliasbind praventan eﬁallagds n@hr—mmcwl@g:gadmlbb escil modelicke,
wi thout lim tlgjltl @Uce[@st%ilﬂe&%ﬁﬁ?aq igpéx){ﬁ{f)lgtcm%’qo&‘ixrﬂr]&ﬁ)ggn\ﬁhgt es, and

pol yacrylic aci
t1omcthammc 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 HCl. The punctal plugs can be
used to deliver ophthalmic 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, flucromethalone,



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 types of active agents. For exanple, the punctal

pl ugs can be used to deliver azelastine HCl, enadastine difunerate,
epi nastine HCl, ketotifen funerate, |evocabastine HCI, ol opatadine
HCl, pheniram ne nal eate, and antazoline phosphate for one or nore of
the treatnment, inhibition, and prevention of allergies. The punctal

pl ugs can be used to deliver 15 mast cell stabilizers, such as, for
exanpl e, cronolyn sodi um | odoxam de tronetham ne, nedocrom | sodi um
and permrol ast potassium After the plugs is filled with the active
agent, the plug is sterilized by any conygni ent nethod incl uding,

wi thout Iimtation, ethylene oxide, autoclaving, 20 irradiation, and
the Ii ke and conbination thereof. Preferably, sterilization is
carried out thr dgRTEAREC scaipte-dotrrspringletahanatcoprednisglppafatatsyirefaisolypre
punf:t g! pl ugs ﬁ asﬂdib.fi_ph@@l@hte_t, PredtPdohsd/ EimexOIche] a;'rlfﬂ m&mﬁde sxehiap| BYipGifetal
Incluaing, wwthout limtation, atropine sultate, homatraplne,
scopol am ne. HBr U R P RN Pt B iR A Ram A D | ne
HCl . The puncstalwiplbutdisniadom, farbiseeh soodiuneduproon, digibredaa ko, Hytaslac
including, withaut limtation, .rose hegal i.ssam.ne green,

| ndocyant e gr eaimelrpilish iferftimiEH Reof 3t U BoBERER  nat one
acet at e, | ot epr éderaicriptingbonat e, predni sol one acetate, prednisol onc
sodi um phosphat e, net hysone, rinmexol one, and fl uoci nol one acet oni de.
The punctal plugs can be used to deliver non-steroidal .
anti-inflammtory ag@pﬁpgmqtﬁ@lugﬂq:aﬁé? used to deliver anti-infective agents including,

10 without limitation, tobramycin, moxifloxacin, ofloxacin, gatifloxacin, ciprofloxacin,
gentamicin, sulfisoxazolone diolamine, sodium sulfacetamide, vancomycin,
polymyxin B, amikacin, norfloxacin, levofloxacin, sulfisoxazole diolamine, sodium
sulfacctamide tetracycline, doxycycline, dicloxacillin, ccphalexin,
amoxicillin/clavulante, ceftriaxone, cefixime, erythromycin, ofloxacin,

15 azithromycin, gentamycin, sulfadiazine, and pyrimethamine.

The punctal plugs can be used to deliver agents for the one or more of the
treatment, inhibition, and prevention of glaucoma including, without limitation,
epinephrines, including, for example: dipivefrin; alpha-2 adrenergic receptors,

20  including, for example, aproclonidine and brimonidine; betablockers including,
without limitation, betaxolol, carteolol, levobunolol, metipranclol, 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, uravoprost, and unoprostone cidofovir,

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

30



5 without limtation, flurbiprofen sodium suprofen, diclofenac
sodi um ketorol ac tronet ham nc, cyclosporinc, rapanycin nethotrexate,
azat hi oprine, and bronocriptine. The punctal plugs can be used to
deliver anti-infective agents including, 10 without limtation,
t obranyci n, noxifl oxacin, ofloxacin, gatifloxacin, ciprofloxacin,
gentam ci n, sulfisoxazol one di ol am ne, sodi um sul facet am de,
vanconyci n, polynyxin B, am kacin, norfloxacin, |evofloxacin,
sul fi soxazol e di ol am ne, sodi um sul facetam de tetracycli ne,
doxycyclinc, dicloxacillin, ccphalexin, anoxicillin/clavulante,
ceftriaxone, cefixinme, erythronycin, ofloxacin, 15 azithronycin,
gentanycin, sul fadi azine, and pyrinetham ne. The punctal plugs can be
used to deliver agents for the one or nore of the treatnent,

i nhi bition, and prevention of glaucoma ipgcluding, without |imtation,
epi nephrines, including, for exanple: dipivefrin; al pha-2 adrenergic
receptors, 20 including, for exanple, .aproclonidine and bri nonidi ne;
bet abl ockers i ndlldirifpriding ppeloyr prdfrmeielpyin The gunstabplags casberuseddp of |
:cevobunol IoI rretdemeﬁwleélahagthamfd ihdhidgOWithodi hll’nlﬂféhorfﬂeﬁﬁdaﬁlﬁ HOl% hid(baﬂﬁ,

or exanpl e, carbachol an i ne; choljnesterase inhibitors,
G ang, v £ Rt ITrEAES B B A EHETs e PR G ROCHP B HA e

car boni c anhydr amébénnkﬁah:iahd)ﬂmrexlomdﬂsmﬂﬂlmgrhefpmfctaepﬂagmlalebe mecemazlﬁklam de
brinzol am de, am de, .and. met sIo ins
prost am des i ncl udﬁ)l rﬁ%@a%ﬂt{' nc,hidmlgi %5 xa’ini?lc’q{uc "a ogdhgﬁ)[yP l?f’g ngmr Ost
uravoprost, and imvomzds;taohketaheieiayi r . The punctal plugs can be
used to deliver antiviral agents, including, without limtation,
fom'virsen sodium foscarnet sodium ganciclovir sodium
val ganci cl ovir 19 HEpe pupgtalipfugs ¢agbpesed tocdplivepimaleesicrierludigeyigiovyi r . The
punctal plugsp CQ&1@€0nu§c%fﬂm§r@plg§|ahd/c%ac1hc09&{dm%ﬁl§:m3ﬁ3 f@ﬁxodoﬁ&' udi ng,
without Iimtation, tetracaine propar acal ne HC proparaca|ne

HCl and fl uor esééﬁtﬂmwa%h?mfsléﬁo'sapwéﬁtneaﬂaHam?q%o?hegw@f%vlgsf&%‘?ﬁ used

to deliver vasoconstricors including, without limitation, ephedrine hydrochloride,

naphazoline hydrochloride, phenylephrine hydrochloride, tetrahydrozoling

hydrochloride, and oxymetazoline. Finally, the punctal plugs can be used to deliver
15 vitamins, antioxidants, and nutraceuticals including, without limitation, vitamins A,

D, and E, lutcin, 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.
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5 and benoxnate and fl uorexon di sodium The punctal plugs can be used
to deliver antifungal agents, including, for exanple, fluconazole,
flucytosi ne, anphotericin B, itraconazole, and ketocaonazole. The
punctal plugs can be used to deliver anal gesics including, wthout 10
limtation, acetam nophen and codei ne, acetam nophen and hydrocodonc,
acet am nophen, ketorol ac, ibuprofen, and tramadol. The punctal plugs
can be used to deliver vasoconstricors including, without limtation,
ephedri ne hydrochl ori de, naphazol i ne hydrochl ori de, phenyl ephrinc
hydr ochl ori de, tetrahydrozoline hydrochl oride, and oxynetazoli ne.
Finally, the punctal plugs can be used to deliver 15 vitam ns,
anti oxi dants, and nutraceuticals including, without limtation,
vitamns A D, and E, lutein, taurine, glutathione, zcaxanthin, fatty
acids and the I|ike. The active agents delivered by the punctal

pl ugs can be fornul ated to contain excipients including, wthout
limtation, synthetic and natural polyners, including, 20 for

exanpl e, pol yvinyl al cohol, polyethyl eneglycol, MA (polyacrylic acid),
hydroxynet hyl cel |l ul ose, glycerine, hyptaarkos, polyvinylpyrrolidone,

car bopol, propyl eneglycol, hydroxypro§¥l @u r, glucam 20,
hydr oxypropyl cel lul ose, sorbitol, dext¥868€, polysorbate, mannitol

dextran, nodi i ed pohwsmqphmnMdéqmﬂQOgMﬂnﬂ&phasﬂhhphﬂmgammﬁf

sul phobetains. 2 . Thetnvention will .be clarjfi u er by
consi deration ofgpﬁgn?%Ppg&ngga%%ﬁyﬁ?h#ffa8“%%%#%1g§goaﬁé%éxanples
Exanpl e 1 (available from Aldrich) was combined with 1.50 g EVA (EVATANE™, Arkema),

and 1.00 g of bimatoprost (Cayman Chemicals), each with a purity of greater than

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

compounding, the mixturc was cxtruded 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 cach 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,



5A 1.50 g anmount of epsilon pol ycaprol actone with an average Mwv of
approxi mately 14,000 and an average Mh of approximately 10,000 by GPC
(avai l able from Al drich) was conbined with 1.50 g EVA (EVATANE(t M),
Arkema), and 1.00 g of bimatoprost (Cayman Chem cals), each with a
purity of greater than 10 approximately 97 % Thc m xture was then
placed in a tw n-screw m cro-conpounder Mdel No. 20000 from DACA

I ndustries, Inc. that was fitted with a 0.25 nmdie and conpounded
for 15 mqm at 120 rpmand 67 C . Foll ow ng conpoundi ng, the m xture
was extruded into fibers at 75 C. 15The fibers were cut into
approximately 1.5 mmin length sections and inserted into the opening
of Sharpoint ULTRA(tm) plug, available from Surgical Specialties. 70
plugs with drug and 30 pl acebo each of a 0.6 mmlength were nade and
70 drugs with drug and 50 pl acebo each of; a 0.8 nmlength were nade.
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 Gamm radi[aa]hﬂagsteri | i zati on was then
per f or med vvithatot doe t a

25A plug nmade accord ?‘F‘f orf]jr\% th@i#ﬁ?”@’lﬁl tF% &%’E’H’O‘EE’

| ength and a #6i bﬁdafiwmg araambroanmﬁey O@fmrﬁmpmaxnaﬂmcmkaynu(g% “Amma;ﬂd:ed
contai ning 25 %.w Wit h f phat e
buffered saline 1?18.\’\‘!'11%’\@%1 qu]?_'f S‘lcfoflyﬂ%g‘ha%jbu%&cx fa(f)inc havmig Bﬂég’]Q Tlpc 193

i ncubator at 37 V@sahdfdglemmqlbagla@&Féband/gbnﬂq@ﬂtasedof\htlcm@ 0£/é|cewcrgl | ect ed
at intervals at ecfisa@haladelie, ﬂ@a%ﬂ@@aﬁﬁ%ﬁb&d%?QH@Q%%@g for
30 drug content via HPL Figure 11 is a epicting the results
of the anal ysis. HPL$1 Fgggnl}gpsea ggaph depicting the results of the analysis.
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A plug made according to the method of Exanple 1 that is 0 9 nmin
length 5 and a fiber wwth an approximtely 0.6 nmm di aneter 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

i ncubator at 37 C and gently agltated Allqouts of 1 cc were
collected at intervals as set forth in Exanple 2 and anal yzed for
drug cont@MEIV|a HPLC. Figure 12 is a graph depicting the results of
t he analygrs— 10 22 dains 1. A punctal plug for the delivery of
active agent ri :
compr i 51 i bR R AR el & Rl PR 0 @ LRI A Al
confor ns dugt, pm@rlghamémdf complrisgsiraf mélexibla ndlnn@u:l mﬂser\méﬂ cotfermsimie shiappéiug
'S 1 nSert Sler:ih Ounbiiinb SRbd MBbunERNA € etia i HEREINAEnRANA AGFkoic
within the b % wherein the reservoir conprises at |east onhe opening
and cont afoRginghwilin rhe?ém@g@hqrele SreresEnPin gontrisesIat lhst prieppeiRERYA Coiainsan

| east one,caed dp¥R-cadaiihg maRfal B ARiYes aBledsTHRBBRRLS!, bt thbBodyGd | Ve
agent; and a collarette that rests on the exterior of the |acrinal

punct um WRBFTERRLE QifFacdye ag%gmiiécqlhseéﬁ fhébreﬁt%ﬂndhﬁt %éﬂﬂpla%frﬂaer%@ﬂnmal punctum

canal i cul wigen thedunctd) lup Wikdeftéd iploUlk 18rinfal @hiMichius. Wherein the active
agent-containing material is at |east partially water-sol uble,

di ssol ves over tinme, and rel eases the active agent through an openi ng
inthe res Q‘hzy@lnbtalq:ﬂug df cRlinS 5,G¥heéRf the attiveldgentRuingihial mletg) iOd: 1eadt phrtiulB;

wherein t ir isr a active agent-contain ng
matert al EOHEPROR G Sl e e e &7 THRBNEI a5 o
dlfferenhekhmﬁmthémnmeV|ous active agent after substantially all of
the previous active agent-containing material has dissolved. 4. The
punctal plug of claim8, wherein the active agent-containing nmateri al
i s bi odeg dbabinetal pepnf sldiss2, ohereintthemeseraids realldas bs abive agat-raaiagent

t hrough até}B%ZUn{b\%ﬁhgattlé}S‘t oﬁ@ adivd QQrel&t ifit is the G gﬁfﬁ%gferen?{]o% E}% gpe%‘&é al

plug of clarm e reservoir isre ctive
agent - coracayerfigeny afmsebsianliallg alhpl theprengous tactive agent-eomtaindre thajesiablops disscl tedt
is the sanme as or different fromthe previous active agent after

substantially all of the previous material has degraded.
4. The punctal plug of claim 8, wherein the active agent-containing material is biodegradable,

degrades over time, and releases the active agent through an opening in the reservoir as it

degrades.

5. The punctal plug of claim 2, wherein the reservoir is refilled with an active agent-containing
material comprising at least one active agent that is the same as or different from the previous

active agent after substantially all of the previous material has degraded.

6. The punctal plug of claim 1, wherein the active agent-containing material is insoluble in water
and non-biodegradable and the active agent passively diffuses from the material through an

opening in the reservoir.
7. The punctal plug of claim 1, wherein the reserveir and the bedy are cotenminous.
8. The punctal plug of claim 1, wherein when the punctal plug is inserted info the lacrimal

canaliculus an opening in the reservoir faces the eye and the active agent is released into the tear
fluid of the eye.



6. The punctal plug of claim1l, wherein the active agent-containing
material is insoluble in water and non-bi odegradabl e and the active
agent passively diffuses fromthe material through an opening in the
reservoir. 7. The punctal plug of clg m 1, wherein the reservoir and
t he body are coterm nous. 8. The pun plug of claim11, wherein
when the punctal plug is inserted into the | acrimal canaliculus an
opening i :

ol cased | roRRERRL e PR Rl fAR R (ARG ARG o
claim 1, sehdicalupangpeming indheyenryoifaced tb@gnaﬁ@aqnmwmb@dutwaetl\teheenr ﬁ<§¢1¢aﬁmll
canal|cuIM§tﬁnmggggbgghkp the reservoir faces the nasol acrimal duct
and the active agent is released into the nasolacrimal duct. 10. The
punctal plug of claim1, wherein when the punctal plug is inserted

into the {a¢hd fiRbalGRRAr b IJSVh@r@m%%ﬁ‘lh@?uﬂcﬂll Ialb%sru%@@é’d‘h@lb thefRGRS t he
eye and the active agent is rel eased ear id of the eye

and anot HEPAGHERIREORRE Pl rFewer {aseehs qie e heeetiNedasrdticienst inthiee te%fnd
the acti vii@gRhd eye SnddnS@er PLBRSA theirfbQoit hResNRSRE ALK inaAPducthig the active

agent is also released into the nasolacrimal duct.




