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, 383 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 eyelids, terned the
superior lacriml punctumand the inferior lacriml punctum Fromthe
superior and inferior puncta, the tears pass into the superior and
inferior lacriml canaliculus, respectively, which are duct-1like 20

pat hways that |ead teuNEAlFgUGEORABE DENBVHRACOF ABTIVEREGESTS he
superior, expanded portion of the nasolacrinmal duct, which drains
tears into the nasal system Activg,ﬁﬁgpsi can thus be delivered to
the nose and throat through the |acf CcaNAlITcul i, which lead into
t he nasol acri fral ducThe present invention relates to devices suitable for delivering substances to

one 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 States
Serial No. 60/805,383 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 cye to a shallow pool, known as the lacrimal lake, located where the eyclids
come together at their inner ends. From there, the tears drain through small
openings in each of the eyelids, termed the superior lacrimal punctum and the
inferior lacrimal punctum. From the superior and inferior puncta, the tears pass into
the superior and inferior lacrimal canaliculus, respectively, which are duct-like
20 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 info 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, 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,
whil e injections pose the risk of 5 infegtion. The majority of
ocular active agents are currently delivered topically using eye
%gﬁsa\l\g:’ SB O]E hf)cfl %g\:a%tfaécgg g I g‘l%t Ll;:)oli'al fl??mmlét?'a[g%n tﬁg ‘Ecit/lgeir*]%mft%{d? {c!ﬁ m; }:y%l ent.
conj uncti val saonmmhevp@mkmtmmﬁuﬁ@wméeﬁmthhmeyemamwmtﬁkahnﬂ$mrmamsing
a substanti al 0, t he
lid margi n ont o t lél%ﬁ%)((%}mcq{h %qt[ﬂ?lg nl(ae g@%hb‘gtygn %gﬁl\ég%{ett@gﬁgg t he
drop that rendi rsfegsiant he ocul ar surface is drained into the lacrinal
puncta, diluting the concentration of the drug. 15 Brief Description
of the Draw ngs igure |Ais a sectional view of a punctal plug
having a body 10 wi t”ﬁhea{w%ﬁx ofoguer slbig e arerugpily delpvaisd @Ptcﬂa‘tusmg
contai ns acti ve «ag@bis which, though effective for some applications, are inefficient. When a

drop of liquid is added to the eye, it overfills the conjunctival sac, the pocket

10  betwceen 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 1A is a sectional view of a punctal plug having a body 10 with an
enlarged segment 12 and a cap 6 that contains active agent 8.
20 Figure 1B is a sectional view of a punctal plug having a body 10 with an

enlarged segment 12 and a cap 6 that contains active agent 8.

Figure 1C is a sectional view of a punctal plug having a body 10 with an
enlarged segment 12, a first cap 6 that contains active agent 8, and a second cap 6’

25  that contains active agent 8°,

Figure 2A is a sectional view of a punctal plug having a body 20 with an
enlarged segment 22 and a cap 26 that includes a stem 27 and contains active agent
28. The stem portion of the cap 27 is positioned within the body of the punctal plug
30 20



20Figure 13 is a sectional view of a punctal plug having a body 10

wi th an enl arged segnment 12 and a cap 6 that contains active agent 8.
Figure 1C is a sectional view of a punctal plug having a body 10 with
an enl arged segnent 12, a first cap 6 that contains active agent 8,
and a second cap 6' 25 that contains active agent 8'. Figure 2A
is a sectional view of a punctal plug having a body 20 with an

enl arged segnent 22 and a cap 26 that includes a stem 27 and cont ai ns
active agent 28. The stem portion of the cap 27 is positioned within
t he body of the punctal plug 30 20. 3 Figure 2B is a sectional
view of a punctal plug having a body 20 with an enl arged segnent 22
and a cap 26 that includes a stem 27 and contains active agent 28.
The stem portion of the cap 27 is positioned within the body 20 of
the punctal 5 plug. Figure 2C is assectional view of a punctal
pl ug having a body 20 with an enl arged segnent' 22, a first cap 26

that includes a stem.27 d cont ai,ns a tive econd
cap 26' that contain %Eggﬁﬁﬁ”ﬁ opy! Visgo! dﬁ%@“@?ﬁﬁ?ﬁ%?fP%ngwnﬁﬁé first
10 cap 27 i s posiargedegment 2hemi atdaEZGthdyncmesm‘stW apdipmitaads agive ggent

Figure 3Ais a Sz%cirh%g %%h&"&"ﬁu %@?ﬁﬁs%neﬁwﬁgm%‘@ H;,gztgo;t&%%m?’? W th

an enl arged segnen Phcludes st

contains active rgent 38. The sten1portion 37 of the cap is screwed
into the body 30 of the punctal plug. 15 Figure 3Bis a
sectional view of a Bunctal pl ug haV|ng a body 30 with an enl arged
segment 32 and a cap ISBfe?ﬁéﬁtasF%‘@P%éj’é‘é’o %W%‘?Pl%ﬁiﬁ‘”é%ﬁ't’%@bfﬁgwﬁw ve

agent 38. The stamga@sdneir23 4 M cdp?e tabmcludes & 602 and Woh@ind REvMREH 30
of the punctal %l ua(i]ld a second cap 26’ that contains active agent 28°, The stem portion of the first

10 cap 27 is positioned within the body 20 of the punctal plug.

Figure 3A is a sectional view of a punctal plug having a body 30 with an
cnlarged segment 32 and a cap 36 that includes stem 37 and contains active agent
38. The stem portion 37 of the cap is screwed into the body 30 of the punctal plug.
15
Figure 3B is a scctional view of a punctal plug having a body 30 with an
enlarged segment 32 and a cap 36 that includes stem 37 and contains active agent

38. The stem portion 37 of the cap is screwed into the body 30 of the punctal plug.

20 Figure 3C is a sectional view of a punctal plug having a body 30 with an
enlarged segment 32 a first cap 36 that includes stem 37 and contains active agent
38, and a second cap 36’ that includes active agent 38°. The stem portion 37 of the
first cap is screwed into the body 30 of the punctal plug.

25 Figure 4A is a sectional view of a punctal plug having a body 40 with an
enlarged segment 42 and a cap 46 that includes a stem 47 and contains active agent

48. The stem portion 47 of the cap is clipped into the body 40 of the punctal plug.

Figure 4B is a sectional view of 'a punctal plug having a body 40 with an
30 enlarged segment 42 and a cap 46 that includes a stem 47 and contains active agent

48. The stem portion 47 of the cap is clipped into the body 40 of the punctal plug.



20Figure 3Cis a sectional view of a punctal plug having a body 30
with an enl arged segment 32 a first cap 36 that includes stem 37 and
contains active agent 38, and a second cap 36' that includes active
agent 38'. The stemportion 37 of the first cap is screwed into the
body 30 of the punctal plug. 25Figure 4A is a sectional view of a
punctal plug having a body 40 with an enl arged segnent 42 and a cap
46 that includes a stem 47 and contains active agent 48. The stem
portion 47 of the cap is clipped into the body 40 of the punctal
plug. Figure 4B is a sectional view of a punctal plug having a body
40 with an 30 enl arged segnent 42 and a cap 46 that includes a stem
47 and contains active agent 48. The stem portion 47 of the cap is
clipped into the body 40 of the punctal plug. 4 Figure 4Cis a
sectional view of a punctal plug having @ body 40 with an enl arged
segnent 42 a first cap 46 t hat includes stem 47 and contai ns active

agent 48, and a seco 46' t hat | udes ctlve age
Sem portion a7 of ¢ RavE i Ceetoview Er ERLT B RIS T of ¢ ne
punctal plug. Fiaglarged Sfmeg 422 Sesttapdh thiat ivileles 9ém 47 puratiahs golivgeghavi ng

a body 50 with ag ﬁﬂ'a@éch?adca g@’qqagf{mlﬁgeq aélgg?%eh?z[set%h% sy ﬁaﬁfagﬁ"of‘%ﬁ‘{ 26

that contains active agent S a sectlo View o
punctal pl ug ﬁa\ﬁfﬁgamsblmﬁ@@thﬂhOﬁY@mfélwlpam@édlus-egnent 52, a
collarette 54, a first cap 56 that contains active agent 58, and a

second cap 56' that contains active agent 58’
Figure 5A is a sectional view of a punctal plug having a body 50 with an

enlarged segment 52, a collarette 54, and a cap 56 that contains active agent 58.

10 Figure 5B is a scctional vicw of a punctal plug having a body 50 with an
enlarged segment 52, a collarette 54, a first cap 56 that contains active agent 58, and

a second cap 56’ that contains active agent 58°.

Figure 6A is a sectional view of a punctal plug having a body 60 with an
15 enlarged segment 62, a collarette 64, and a cap 66 that includes a stem 67 and
contains active agent 68. The stem portion 67 of the cap is positioned within the

body 60 of the punctal plug.

Figure 6B is a sectional view of a punctal plug having a body 60 with an
20 enlarged segment 62, a collarette 64, a first cap 66 that includes a stem 67 and
contains active agent 68, and a second cap 66 that includes active agent 68°. The

stem portion 67 of the first cap is positioned within the body 60 of the punctal plug.

Figure 7A is a sectional view of a punctal plug having a body 70 with an
25 enlarged segment 72, a collarette 74, and a cap-76 that includes a stem 77 and
contains active agent 78. The stem portion 77 of the cap is screwed into the body 70

of the punctal plug.

Figure 7B is a sectional view of a punctal plug having a body 70 with an

30 enlarged segment 72, a collarette 74, a first cap 76 that includes a stem 77 and



Figure 6A is a sectional view of a punctal plug having a body 60 with
an 15 enl arged segnent 62, a collarette 64, and a cap 66 that
includes a stem 67 and contai ns active agent 68. The stem portion 67
of the cap is positioned within the body 60 of the punctal plug.
Figure 6B is a sectional view of a punctal plug having a body 60 with
an 20 enl arged segnment 62, a collarette 64, a first cap 66 that

i ncludes a stem 67 and contai ns active agent 68, and a second cap 66'
that includes active agent 68 . The stem portion 67 of the first cap
is positioned within the body 60 of the punctal plug. Figure 7Ais a
sectional view of a punctal plug having a body 70 with an 25 enl arged
segnent 72, a collarette 74, and a cap 76 that includes a stem 77 and
contains active agent 78. The stem portion 77 of the cap is screwed
into the body 70 of the punctal plug. 5 Figure 7B is a
sectional view of a punctal plug having a body 70 with an 30 enl arged
segnent 72, a collarette 74, a first cap 76 that includes a stem 77
and 5 contains active agent 78, and a second cap 76" that includes
active agent 78'conFheactivergepdBiandasetdhdahp T éaf ingledes actipe igentI8T dived
into the body 7 . i onal

vi ew of a punct gSte(H—fp Ohg)ﬂﬁgy?lﬁ%ﬁllz;t Ogl(’)ﬁgcrgv(sedv}nm? ﬁ{eg’g&ggﬁ{gﬁ&e taﬂgﬁ%nt 82,
a collarette 84, and a cap 86 that includes a stem 87 and contains a

active agent. The St?f%hr@@ﬁtidQé@ct%ﬁal@fcwtoﬁﬁpﬁﬁﬁlﬁh?ﬁl lvfngae Isﬁwahh#ﬂe body
80 of the punctal plug %ure IS a section punct a

pl ug having a bc?B&?rgS@)SWF‘H L% Céﬁlﬁr?i‘ie&édmgémﬁfha@?cmgsESF‘F§? é‘tdte 84, a
first cap 86 thabnthingd attesSagants TRIBtHYpoRtitel 8¢ 6Nt tan s cﬂ@jﬁdd\hﬁo g Bty 888,

and a second ca%f%giu ta_:flplulncludes active agent 88 . The

10
Figure 8B is a sectional view of a punctal plug having a body 80 with an
cnlarged segment 82, a collarette 84, a first cap 86 that includes a stem 87 and
contains active agent 88, and a second cap 86 that includes active agent 88°. The
stemn portion 87 of the first cap is clipped into the body 80 of the punctal plug.
15

Figurc 9A is a scctional view of a punctal plug having a body 90 with an
enlarged segment 92, a collarette 94, and a cap 96 that includes a stem 97 and
contains active agent 98. The stem portion 97 of the cap is positioned within the
body 90 of the punctal plug, and a portion 99 of the cap extends beyond the

20 collarette 94.

Figure 9B is a sectional view of a punctal plug having a body 90 with an
enlarged segment 92, a collarette 94, a first cap 96 that includes a stem 97 and
containg active agent 98, and a second cap 96’ that includes active agent 98°. The

25  stem portion 97 of the first cap is positioned within the body 90 of the punctal plug,
and a portion 99 of the first cap extends beyond the collarette 94.

Figure 10 is a three-dimensional view of the punctal plug depicted two-
30 dimensionally in figure 8. The punctal plug has a body 100 with an enlarged

segment 102, a collarette 104, and a cap 106 that includes a stem 107 and contains



stem portion 87 of the first cap is clipped into the body 80 of the
punctal plug. 15 Figure 9A is a sectional view of a punctal plug
havi ng a body 90 with an enl arged segnent 92, a collarette 94, and a
cap 96 that includes a stem 97 and contains active agent 98. The stem
portion 97 of the cap is positioned within the body 90 of the punctal
plug, and a portion 99 of the cap extends beyond the 20 collarette
94. Figure 9B is a sectional view of a punctal plug having a body 90
with an enl arged segnent 92, a collarette 94, a first cap 96 that

i ncludes a stem 97 and contains active agent 98, and a second cap 96
that includes active agent 98'. The 25 stem portion 97 of the first
cap is positioned within the body 90 of the punctal plug, and a
portion 99 of the first cap extends beyond the collarette 94.

Figure 10 is a three-dinensional view of ¢the punctal plug depicted
two-30 dinensionally in figure 8 The punctal plug has a body 100
with an enlarged segnent 102, a collarette 104, and a cap 106 that

i ncludes a stem 107 and contains 6 active agent 108. The stem
portion 107 of the cap is clipped into the body 100 of the 5 punctal

pl ug. . Det ai | ed I%gt%v%ra&é% l(ﬁn TR‘I stérrrllgorhc')’]nvl%etb% iy ca%@sdclillall)eldlillﬁg &"é‘%&dﬁoo of the
Enbodi ment s
5 punctal plug.

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 to the tear fluid of the eye.
10 The punctal plugs comprisc, consist essentially of, and consist of: (a) 2 body having

a first end, a second end, and a lateral surface extending between the two ends; and

(b) a cap adjacent to the first end of the body, a cap adjacent to the second end of

the body, or caps adjacent to both the first and second ends of the body, whercin the

caps are comprised of an active agent-containing material that contains at least one

15  active agent.

In Figures 1A-C and ZA-C are depicted embodiments of the punctal plugs of

the present invention with bodies 10 and 20. The active agent, shown as 8, &, 28,
and 28’ in the figures, is released from the caps 6 and 26, respectively, for example,

20 when the caps dissolve or degrade, or the active agent simply diffuses from the caps,
depending upon the an active agent-containing material material from which the
caps are made. The caps can adhere to an end of the bodies. Alternatively, as
depicted in Figures 2A-C, the caps 26 may have a stem portion 27 that extends into
the body 20 of the plug. In another embodiment and as shown in Figures 3A-C, the

25  stem portion may be screwed therein. As yet another alternative and as shown in
Figures 4A-C, the stem may be clipped be into the body. As still another alternative
and as shown in Figures 5A and B, the punctal plugs may have a collarette at the
first end of the body, When such punctal plugs are inserted into the lacrimal
canaliculus, the collarette preferably rests on the exterior of the lacrimal punctum

30 and at ieast a portion of the cap is adjacent to the collarette. As shown in Figures 9A

and B, particular punctal plugs having collarettes 94 may have caps 99 that are



The present invention provides punctal plugs that can be used to
deliver active agents to one or both of the nasolacriml duct and to
the tear fluid of the eye. 10 The punctal plugs conprise, consist
essentially of, and consist of: (a) a body having a first end, a
second end, and a |l ateral surface extending between the two ends; and
(b) a cap adjacent to the first end of the body, a cap adjacent to
the second end of the body, or caps adjacent to both the first and
second ends of the body, wherein the caps are conprised of an active
agent-containing material that contains at | east one 15 active agent.
In Figures 1A-C and 2A-C are depicted enbodi nents of the punctal

pl ugs of the present invention with bodies 10 and 20. The active
agent, shown as 8, 8, 28, and 28 in the figures, is released from
the caps 6 and 26, respectively, for exanple, 20 when the caps

di ssol ve or degrade, or the active agent sinply diffuses fromthe
caps, dependi ng upon the an active agent-containing nmaterial naterial
fromwhich the caps are made. The caps can adhere to an end of the
bodi es. Al t er natmadepfia fleaibledeqidriot, emdl 4t lsaseh gertigsof thc@) oftsmla posqie pI26s irmy
have a stem port In
anot her enbodlnéﬁgggﬁhnggﬂ%mgﬁﬁﬁgﬂﬁ%$gﬁggémgxg%g%e g%aéggﬁg%%g?ion
may be screwed t3Eey 23 hat thecayean capigither al t er nati ve and as shown in
Figures 4A-C, the stemmay be clipped be into the body. As stil

anot her alternative and as shown in Figures 5A and B, the punctal

pl ugs may have a coIﬁﬁF@P?ﬁmﬁf“Wﬁﬁﬁwﬂwgﬂwéﬁﬂﬂ%@OgﬁﬁwﬁdﬂvnaVHﬁﬁlgﬂ%h
punctal plugs ar€inieaseinioakt ladibal dafgichlag picropdblyCaaplsildukdisdjactdi® the

collarette prefer erior,of .the lacrjinmm ctum
S0 b a1 bt HEBle R Bk s BB P en el R o
As shown i n K guezeBuidAf thereyc BForplalivciyoafhetive p)gmnhtalthcphmgmuha‘duan,gwhcna

[ tt 94
collaretties cé£§1¥§1591%9§ed9§o Eh@?a ﬁ&%ama?culq{sr% ﬁﬂ% (_Ptl

material, and at ortion ugs i's
el ongat ed and extie¢stsio théymmf thmnﬁdlpluarﬂ@t iaees thetesolaprymdl dm’f,ela@thng t he

ampunt of acti V%c@c@%ms rc@c%sctdhﬂ& tht H@soﬁ@rﬂnd@%t CIQBLI@&LPM embodimenfsf the
delivery of active agent into the tear uid of the eye, when a

punctal plug |s“P"ﬁ%té’ﬂtﬂéélafi1Hl*~“(‘f“?1‘1é‘ﬁl%’éqsllﬁ‘é¥foé%fﬁ&‘Piecfb?W}’CW"éﬁséPably a

cap is |ocates agh@cEREmEP 11 MR sedueks e phitel pl'dﬁﬁltt@el lad@inl4BcahdRbiud ages t he
eye, and the actl\ﬁglras ent .is.released into t glglo t ear fI uid of the

eye. For delive getsiof the ipyention prydes depigled o Bighres G 4pd PB ke Rlhen a

punctal plug is wha:sepdnetdl plugtmmt;dmed Inacthé Imlmacama{cumwauap:s peaéer ably a

cap is located aﬁi acent e en | ug, t ha es the
nasol acri mal dué e cemet he "do SRR {uﬁﬁhaﬁa&ﬁ; ee%l ¢ r%Cop &Stlocateg

nasol acri mal du@!:ljacehtrto paaleud thtﬂeamnféﬂibkud ihrefates ﬂmma$herlmahd_emtand)th¢ and as
illustrated b Fa&tgf'c’ Ei&ﬁt %@'b@ rélersedq?ftgmhﬂle tet,apﬁuip Qidt){e &Qgﬁoathé]édsagbrimal

duct.
As used herein, the term “punctal plug” refers to a device of a size and shape

suitable for insertion into the inferior or superior lacrimal canaliculus of the eye

25 through the inferior or superior lacrimal punctum.

30



15 enl arged segnent 12 that secures the punctal plug in the lacrinm
canaliculus. In further aspects of the invention and as depicted in
Figures 2C and 5B for exanple, when a punctal plug is inserted into
the lacrimal canaliculus, a cap is |located adjacent to the end of the
punctal plug that faces the eye, a second cap is |ocated adjacent to
the end of the punctal plug that faces the nasol acri mal duct, and the
20 active agent nmay be released into both the tear fluid of the eye
and the nasol acrimal duct. As used herein, the term"punctal plug"

refers to a device of a size and shape suitable for insertion
into the inferior or superior lacrimal canaliculus of the eye 25
through the inferior or superior lacriml punctum 8 As used

herein, the term"active agent"” refers to an agent capabl e of
treating, inhibiting, or preventing a digorder or a disease.
Exenmpl ary active agents include, without limtation, pharnaceuticals

and nutraceutical s. Elﬁﬁgﬁéggtﬁﬁ

tive a
treating, inhibiting,  or reVentPHbdig (%rég%bg”mgg ?%@%%“ﬁg?agﬁe or
nmore of the eye,innoges, amemlhtmeathsorder or a dissisa SBemiay edtivg agehis irckdan

"polyneric materjal &k nsp]{agna@eu%@atlseffnhﬂ'htram aléijré}Q-%d%thQ%eﬁtqta%pes

of polynmers that 1s capa contalning a east one active agent
10 and r el easf ngapdhls Oétf%aiﬂ% irhibitivg, or psrendiRmiiasder Wﬁedmeﬂqefmloymenes

di ssol ve or degradgcydhi@BaddioacCt i ve agent diffuses fromthe

pol yners, or when a pro-drug is used in which the active agent is
attached to the polyners and then rel eased by being cleaved fromthe

material . 15As used Reised Roreid, iR tohrpoi@meéric miadrRI Irélbrs tdhaﬁatérﬁl Bidebeast
partially water-sol ubl e” re%ers to t hat hibits . a | evel

O soluby 11ty 1 RREBYE yaear o9 an p 1 Beact poraitet I PuteuR e
mat eri al upomnd expositagng the anvmue,dhns:xanme mmmapolymcrb dissolve SxSdepradgl

her e-i n, the phr%@n ea&%gg ht 1fusaq$ t%ne On(ljeer orw Qlaero c{rg g{lsse Eno a 20
stecta) € BLUF &1 8

material that degra e reé upon
bi ol ogical |y actvrhwé tlwbts\teag@eg attfyrqudathhyolpm@rs mthqnmelmerdrwlbsmg

cleaved from the matcrial,

15 As used herein, the phrase a “material that is at least partially water-soluble”
refers to a material that cxhibits a level of solubility in water sufficient to result in

dissolution of the material upon exposure to an aqueous environment.

As used herein, the phrase a “material that is biodegradable” refers to a
20  material that degrades to a detectable degree upon exposure to biologically active

substances typically present in mammals.

As used herein, the phrase a “material that is insoluble in water™ refers to a
material that does not dissolve to a substantial degree upon exposure to water.
25
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

active substances typically present in mammals.

30



As used herein, the phrase a "material that is insoluble in water”
refers to a material that does not dissolve to a substantial degree
upon exposure to water. 25 As used herein, the phrase a
"material that is non-biodegradable"” refers to a naterial that does
not degrade to a substantial degree upon exposure to biologically
active substances typically present in mammals. 9 As used herein,
the phrases "cap is renovable," "renovable cap,"” and vari ations
thereof, refer to caps of certain punctal plugs of the invention that
can be 5 renoved fromthe punctal plugs before insertion, after
insertion, or both of the punctal plugs into the |acrimal
canal i cul us, wherein renoval of the cap does not affect the integrity
of the remai ning portion of the punctal plugs. As used
herein, "flexible mterial" refers to a saterial that is not rigid
and 10 that confornms to the surface of whatever object the materi al
contacts. The present invention enconpasses nunmerous punctal
plugs for the delivery of active agent to the tear fluid of thc eye
or to the nasol acri mék u@dbtrein,'lfh@hpws&:@lis @hu@bleﬁr eferaly opp,and

| nserted Into tNGkiheibels AP, Rbr GARRLAEU Hias o E SUREH 1 cad b

| acri mal canal i cul us erl %u erior lacrim
canaliculi. |f tiHeoysgfemale mp%fggluwléf%@mwgwasaé@r lﬂ@ft@ésqub@th ofibt i ve

agent to the teqfunéthtm%s afo tmecrﬁaéﬁeanmaaupwﬂ@r&akcnmvmm%fpfo%&%{ y have
a collarette at qne en body. The collarette is a portion of

y.
the punctal pl ugtiesidte ”étf’(?@h?féherr%l‘m“%ﬂg RPTEBOhHE aYRFtat Plgh one end of the
body to a degree sufficient so that at |east a portlon of t he
collarette will extend beyond exterior to the |acr

punctum after insert ﬁ%ﬁseggﬂ?‘ﬁe aﬁﬁ'ﬂ%‘f%tlmaﬂ) rﬁ’firs iht GaPR AR Rt Hﬁ’fi R
canal i cul us. 10n tkit ganfemSA thessudapiof vk varpbixiahqrhacriaf coatactal | arett e 54.
The portion of the punctal plugs without the collarette is inserted
into one of the inferior lacriml punctumor the superior l|acrinma
punct um whi ch are t RHee nogsem inyepsion fncpipasiea symanuis persfahpliigsdbruke dshivenhe

mar gi n of each %Ygtltlivgagcﬁqg 1% kdaPELid & ol &0 naBRb ARS8, The punctal

plugs preferably are inserted into the inferior lacrimal canaliculus, the superior

15 lacrimal canaliculus, or both the inferior and superior lacrimal canaliculi. 1f the
punctal plugs arc being used to deliver active agent to the tear fluid of the eye, the
punctal plugs preferably have a collarette at one end of the body. The coliarette is a
portion of the punctal plug that extends radiaily outwardly from one end of the body
to a degree sufficient so that at least a portion of the collarette will extend beyond

20  and be exterior to the lacrimal punctum after insertion of the punctal plug into the
lacrimal canaliculus. In Figure 5A is depicted an example of a collarette 54. The
portion of the punctal plugs without the collarette is inserted into one of the inferior
lacrimal punctum or the superior lacrimal punctum, which are the openings of the
lacrimal canaliculus on the margin of each eyelid. Referring to Figure 54, enlarged

25 segment 52 and body 50 are inserted into one of the punctum, and the collarette rests
against the exterior of the lacrimal punctum and keeps the punctal plug from
slipping down into the lacrimal canaliculus, so that contact between the punctal plug
and the tear fiuid of the ¢ye is maintained. The collarette can be of any size and
shape sufficient to at least partially.secure the punctal plug in the lacrimal punctum.

30



25 segnent 52 and body 50 are inserted into one of the punctum and
the collarette rests against the exterior of the lacrimal punctum and
keeps the punctal plug fromslipping down into the | acrinal
canal i culus, so that contact between the punctal plug and the tear
fluid of the eye is maintained. The collarette can be of any size and
shape sufficient to at least partially secure the punctal plug in the
| acrimal punctum 10 If the punctal plugs are being used to deliver
active agent to the nasolacrinmal duct, the punctal plugs preferably
do not have a collarette so that they nay be inserted at a sufficient
depth within one or both of the lacrimal canaliculi such that 5 the
active agent is released into the lacrimal sac. In Figures 1B, 2B,
and 3B are depicted exanples of punctual plugs useful for delivery of
an active agent to the nasal l|acrimal duat. The nunerous punctal

pl ugs of the invention each have various features and 10 advantages
For exanple, certain unet have

second end, and a | a fgrc uné%dllp E’l c‘gellc %ex S Q&B’Ee/rtd&‘g dg?nhé’ ft;(i/\ﬁso‘?dﬁaml The
| ateral surface q@pteiﬂleplabtayplhas;reéwbbtﬁoemt lﬁwfanuﬂlalettet dodhat thgy may be
substantial ly ci lﬁs%Hédaart 2 5 S0RBGm RS b bOgbPds tﬁehanhaf EhluBHE fae Of
certain punctal plugs has an outer dianmeter that greater t

outer di amet ef Jfe aches agervi rplgrsed B theHgerimglsae. dn FQHM 48.2B, wWith a!Lﬁ‘S
reference to Fi giéﬁl@tc&&ambﬂﬁof%ﬂﬁcﬁfagﬁﬁigsﬁgﬁﬁl'f&r@lcll\%r)mf ah Qf’lvé @Eﬁ%rt@ilhc
surface anchors or secures the punctal plugs in the lacrinal
canal i cul us. The@hlagiwdduSorti on can be any size or shape, and can
be present on any part of the lateral surface, so long as the

enl arged portion at ast artl s the nct al

| acri mal canal i cul usjrheecﬂyﬁ\? SHY Rt ?lxp}lugf ﬂ%ﬁe YPGB ¢ Yagﬂ‘%r?ﬁz\%’rfsa?ﬂ t he
shape of an unveﬁhedg®0Fbmnang¢emhmemgdah@§EWtehmgumpeﬁmtmm a The
body of the pun u t e bl atible
! udi ng, -kt hayet Fid 8 o A TPl et e BB LRSAIRE e
co- pol yners, su@Wﬁaspwﬁﬁwb@waW¢W§r¢Hyﬂﬁ@9hwwﬂwmmwﬁmmgmgrmﬁmeENA

(pol yhydroxyet hlyungh baGe Mlc?ai ﬁﬂfacc%@c&?@inﬁ)ﬁﬁéﬂﬁ SGING NY ééﬁ:lr diameter that is

pol yvi nyl pyrrol i done, and cerol | i cone r ogel
greater than the ou er d1ameter of the remainder of the lateral surface With

15 reference to Figure 1A, the enlarged portion 12 of the lateral surface anchors or
sceures 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. Conveniently, the enlarged portion may take the shape of an inverted

20 triangle having a flattened apex.

The body of the punctal plugs may be made of any suitable biocompatible
including, without limitation, silicone, silicone blends, silicone co-polymers, such
ag, for example, hydrophilic monomers of pHEMA (polyhydroxyethlymethacrylate),

25 polyethylene glycol, polyvinylpyrrolidone, and glycerol, and silicone hydrogel
polymers such as, for 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
entireties by reference. Other suitable biocompatible materials include, for example:
poly{ethylene glycol); poly(ethylene oxide); poly(propylene gycol); poly(vinyl

30 alcohol); poly(hydroxyethyl methacrylate); poly{vinylpyrrolidone); polyacrylic acid;



pol ymers such as, for exanple, those described in U S. 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: poly(ethylene glycol);
pol y(et hyl ene oxi de); poly(propylene gycol); poly(vinyl 30 al cohol);
pol y(hydr oxyet hyl nethacrylate); poly(vinylpyrrolidone); polyacrylic
acid; 11 pol y(ethyl oxazoline); poly(dinethyl acrylam de);
phosphol i pids, such as, for exanple, phosphoryl choline derivatives;
pol ysul f obet ai ns; pol ysaccharides and 5 carbohydrates, such as, for
exanpl e, hyaluronic acid, dextran, hydroxyethyl cellul ose, hydroxyl
propyl cellul ose, gcllan gum guar gum hcparan sulfate, chondritin
sul fate, heparin, and al ginate; proteins such as, for exanple,
gelatin, collagen, album n, and oval bum n; pol yam no aci ds;
fluorinated polynmers, such as, for exanple, polytetrafluoroethylene
("PTFE"), polyvinylidene fluoride ("PVDF"), 10 and tefl on;

pol ypr opyl ene; pol yet hyl ene; nylon; and ethyl ene vinyl al cohol
("EVA"). The purnmtyfdthyidxagpdina)f potiidimethyleeryleoidel plweplaligidpsuchas, for mat er i al

or substance thae&arﬁay%ﬁ&p@orﬁqmlwaermtwwgowﬁafbetamg%og@mhaﬁa@a e of

vari ous shapes and ‘si zes, but conveni a size and shape
suitable for Bei%wfolydratsewchos, felfexal’flmlaélhfé'ﬁoﬁlﬁa%é@@ﬁ@ hygroxyRiédylpunct ual

plug or a coll argflife, @H&axﬁ@%y@aﬁms %&%gﬁh ad%@csdasraﬁ Qe first
, Or

end of the body, the second end o the first and
second ends of tHEIFHYSH a‘ﬁd}ﬁpﬁrﬁoaé‘é al&@ﬁt&tlﬁ?telﬁﬁ Uefsast ngxemplgegelatin,
collarettes, a poldgkQalbahint i@ oCaAluNiS pply&hias a&nisyﬂ@dhfaﬁqmynte@ dubteas,

collarette. 20 for ox t]e %?ﬁe%raﬁ%? e&dyE; ﬁ _I.Pg%,fj 8 surlJc ac CZ IRH:EFL
of the body, the®BiTaFR 01 4 Y ¥Hﬁygﬂ§ 8?4 rette” The
cap preferablly adhefles pblpprdpyensipolyabgcref nydo; sxddthgend tieyl elcétobr or bot h
t he body and thq iiface of the collarette. The cap can adhere to the
surface of the body r collarette if the material that conprises the
cap is itself
The punctal plugs of the invention have a cap, or a matcrial or substance that
covers a portion of the body. The caps can be of various shapes and sizes, but
15  conveniently are of a size and shape suitable for being carried on or attached to one
end of the punctual plug or a collarctte. The caps are preferably adjacent to the first
end of the body, the second end of the body, or both the first and second ends of the
body. For those punctal plugs that have collarettes, a portion of the cap is preferably
adjacent to the collarette.
20
The caps can adhere to the surface of a portion of the body, the collarette, or
both the body and the collarette. The cap preferably adheres to the surface of an end
of the either or both the body and the surface of the collarette. The cap can adhere to
the surface of the body or collarette if the material that comprises the cap is itself
25 adhesive. Such materials include, without limitation, cyanoacrylates and urethanes,
Alternatively, a biocompatible adhesive can be used to adhere the cap to a portion of
the surface of the body or collarette. Suitable biocompatible adhesives include,
without limitation, silicones, polyurethanes, cyanoacrylates, polyacrylic acid, fibrin,
and cross-linked proteins such as albumin and collagen-gelatin. Suitable agents that

30 can be used for cross-linking include, without limitation, polyfunctional,



25 adhesive. Such materials include, without limtation,

cyanoacryl ates and urethanes. Alternatively, a bioconpatible adhesive
can be used to adhere the cap to a portion of the surface of the body
or collarette. Suitable bioconpatible adhesives include, wthout
limtation, silicones, polyurethanes, cyanoacrylates, polyacrylic
acid, fibrin, and cross-linked proteins such as al bum n and

col | agen-gel atin. Suitable agents that 30 can be used for
cross-linking include, without limtation, polyfunctional, 12

homobi functi onal or heterobifunctional cross-linkers such as bis
N-succi ni m dyl (pent aet hyl ene gl ycol) esters. The adhesive can act via
chem cal reaction, or 5 physical or nechanical interlock, and can be
initiated via light, thermal or |aser activation. At | east one
active agent is disposed on, dispersed throughout, or otherw se
contained within the cap of the punctal plugs, such that the cap
serves as a carrier for 10 the active agent. Dependi ng upon the
active agent-containing material fromwhich the cap is nmade, the
active agent carhopebifuattonsleghdterehundiional ajossdinkessuch avtediN-atceinimidydr t he
active agent Caty %eﬂhﬂle&ag?ﬁgl)laﬂer@- TGREREn 5@0{3%113[19&%1&109%%' red
period of tine he naterial nmay be any nmateri al 'S corrpatlble
with the active PaydsH orgrechagisphiaferdosk.gad ¢habe piiatsd leglﬂthféerﬁﬂf@ lagerd i s
capabl e of rel eagiivagod he active agent in the 15 desired manner, for
exanpl e by dissolving or degrading of the material or diffusion of
the active agent fromthe nmaterial. Any nunber of naterial nay be
used as the active agelist @oattbi agangis digosdd dal dlipe@édlﬁ[ioﬂ@putywlrtoh@bﬁme
limtation, polyneric I bot h ccurrin

synt hetic, non-po anrlreélrwngﬁnnté % of Lihgp ?nﬁ%‘ppq%ﬁs o txatﬁhgﬁ Sefve%as aﬁ?‘S‘rfm

gl asses and dfayls, dCtD\rcgi&ﬂlt cDeptdang wmbs the hatige gmnwntmamgmaaha fiiormolHichi ng
20 wi thout Iini ttl?etdaﬁﬁ’ma?:?Q&%%tl&%é@lmaﬁ%e reIea&h% tﬁg%,gamamg Qﬁatén%

and conbi nati ons ther anpl e, e cap can be co

of a polymeric mathepstar agehtpen parclgpsed @aﬂ%@ﬂmaaﬂer gves pfiesistdepetied ofat er

When such a cap tine. eXOQ&Eh oy N8 aﬂwﬁwﬁtﬁ%ﬂdﬁmwﬁ th%éct% décnﬁor
| acri mal canalicul us or the tear ¥|UId it preferab ssol ve

and rel ease t he *&f5Q RS defjusted bydhe plugnd isgprpb OfrFI?%S‘%IZ/%IIYei g5t infhérat er

of the material dtviedmudiics Ifbrtemlpmg disSolVIBEIS dbyriipadfkh¢ nvieribl dp@ifRlkiseCt |y
proportional to

t Sui.ta I I
that are at | eaé’% %ﬁacr“tv‘r‘ %ﬁcpvr t?‘ﬁﬁlf‘tgnqll Wa”cug{g’cr OEE’I‘&UBQ “Ya?g?r" L%ﬁ%e“ oo
pol y( et hyl ene gIayt(yeIagem—pmtayﬁrgtdmydmheclmkngi@)thwplﬁhl;a(lm, (ppiydna‘hﬁn@gtrabl );
poly(vinyl 30 albgglﬂgtll Ily Qc%?r}ll(lg%qr Ne?%hlré -p(r)]gl’%lflb‘ll‘l?cg?% eri er)clud w1 hout

pol y(vi nyl pyrrol1 done ryI c aci oxazor
pol y(di met hyl adimjthtiom gj@)ies armh@%,l qr&w@snategu@,hnoagmcfn@terlelxmqiptileg,

20  without limitation, porous ceramics, lipids, waxes and the like and combinations

thereof.

For example, the cap can be comprised of a polymeric material that is at least

partially soluble in water, When such a cap is exposed to the aqueous environment

25 ofthe lacrimal canaliculus or the tear fluid, it preferably will dissolve and release the
active agent as it dissolves. The solubility in water of the material from which the
cap is made typically will be directly proportional to its rate of dissolution. Suitable
polymeric materials that are at least partially soluble in water include, for example:
poly(ethylene glycol); poly(ethylene oxide); poly(propylene gycol); poly(vinyl

30 alcohol); poly(hydroxyethyl methacrylate); poly(vinylpyrrolidone); polyacrylic acid;
poly(ethyloxazoline); poly(dimethyl acrylamide); phosolipids, such as, for example,



13 phosphoryl choline derivatives; polysul fobetains; polysaccharides
and carbohydrates, such as, for exanple, hyaluronic acid, dextran,
hydr oxyet hyl cel | ul ose, hydroxyl propyl cellul ose, gellan gum guar
gum heparan sulfate, 5 chondritin sulfate, heparin, and al gi nate;
proteins such as, for exanple, gelatin, collagen, albumn, and

oval bum n; and pol yam no acids. The polyneric materials in this |ist
typically can be copol ynerized or bl ended wi th hydrophobi c pol yners,
nononers, or both. 10Alternatively, the cap can be conprised of a

bi odegradabl e material that chem cally degrades upon exposure to, for
exanple, biologically active substances typically present in mammals.
The bi odegradable materials are preferably hydrol yzable under in vivo
conditions. Biodegradation typically occurs nore slowy than

di ssolution, and the cap can thus be madg of bi odegradable materials
if slower, 15 nore sustained release of the active agent is desired.

Sui tabl e pol ynmeric biodegradabl e materials .include, w thout
' tathon. ol yHEPEBIISE FOHEYS roReuRhRH Tt
epsi | on- capr ol ackbdole/drazsduditascor duydplehyal@ciiclsid, andaghidoxybthgl ogi cal | y

degr adabl e poly i el rials that are non-tox or
present as norng¥ﬁ§%%g§%P¥%§§gwﬁa{(QQ g%??“?&%ﬁhﬁ?%éhmmnSdﬁ%Q

pol y(al pha- hy8ir chendsitin siéfyte sreparidOang elgingigl pyateihs sucteasi fd) gxample, gelatin,

pol y( 2- di oxanone); - ' [ - ; LC.acid)..

O her usef ul rrate&élrl%.ga EMFI%:II Adlggwpl)ol yg’é‘?n‘} %Ogﬁgl(l:@%g%g qu‘%?@%%%gg’?\%g%tg "

pol y(anhydr i des)this b bpicalfr gan batopplsmerizadorespesisyithdy draehebic gplgmers,

pol y( phosphoest gisbmeFok ¥duact ones such as pol y(epsil on-caprol actone),
pol y(del ta- caprol actone), poly(delta- val erol actone) and

pol y(ganma- but yr ol actone), for exanple, are also useful, as are

chi tosan, 25i1al gi nat 8Brn«€iodly,aAgedy can el c@@)risdd df a bilolcgPitld Gstbradl thass pect s
of the invention h ' re made

can be a i xt ur &"S1 GH BT ipE Gy BT e e BT R B
polymers. typichtieprespt it aamakis.oThpedicvagiedabit materidlt ¢ paferdblyat i s
neoluble | vty D00, B, RUSRSGCABA il OB ki,
i ncl ude, for exdpldissoluongad the Rapdapbbybeenade ohiehgradablewiaterialg if slodvar,
15 more sustained release of the active agent is desired. Suitable polymeric
biodegradable materials include, without limitation, polymers and oligomers of
glycolide, lactide, epsilon-caprolactone, and other hydroxy acids, and other
biologically degradable polymers that yield materials that are non-toxic or present as
normal metabolites in the body. Preferred poly(alpha-hydroxy acids) are
20 poly(glycolic acid), poly(2-dioxanone); poly(DL-lactic acid) and poly(L-lactic acid).
Other useful materials include poly{amino acids), polycarbonates, poly{anhydrides),
poly(orthoesters), poly(phosphazines) and poly(phosphoesters). Polylactones such
as poly(epsilon-caprolactone), poly{delta-caprolactone), poly(delta- valerolactone)
and poly(gamma-butyrolactone), for example, are also useful, as are chitosan,
25 alginates, collagen, and gelatin. In particular aspects of the invention, the polymeric
material of which the caps are made can be a mixture of one or more dissolvabie and

bio-degradable polymers.

The cap can also be made of a material that is insoluble in water and non-
30 Dbiodegradable, but from which the active agent can diffuse. Suitable polymeric

materials of this type include, for example, cross-liked polymers, such as, without



limtation, cross-1linked poly(ethylene glycol), poly(ethylene oxide),
pol y(propyl ene gycol), poly(vinyl alcohol), poly(hydroxethyl

nmet hacryl ate), poly(vinyl pyrrolidone), polyacrylic acid,

pol y(et hyl oxazol i ne), and pol y(di methyl actylam de). These 5 polyners
can be copol ynerized or blended with one or both of hydrophobic

pol ymers and nononers. Additional exanples of suitable polyners that
arc insoluble in either or both water and non-bi odegradabl e incl ude,
wi thout limtation, silicones, polyurethanes, cyanoacryl ates,

pol yacrylic acid, fibrin, and cross-1linked proteins, such as, for
exanpl e, album n and col | agen-gellatin. 10 In certain

enbodi nents of the punctal plugs of the invention, the cap has a stem
portion that is positioned within the body of the punctal plug.
Figure 10 is a three-dinensional view of;a punctal plug body 100
having cap 106 affixed to collarette 104. Cap 106 has sten1portion

107, which extends downward [ 5body .100. The st e
screwed or cli pgélﬂt‘m%{’s CrQT‘?dWIkXdi pﬁg'?-"lt llff“églié’l) P"%f(ﬁmf b‘gg]ypng’f(prf’l??é‘me
punctal plug, orgyta), selypinyl alcobaey, Iacﬂﬁ(hydﬁé)@thsnﬁ&hapqralel) @blyGinylpheoltionky),
Punct al pl ugs hav ng caps t have a

col larette. The SP&m €an bp\(,amlygghrlﬁ?roé‘f’ zr‘{ﬁ%%l g of 015@““6 arcfytl:aérflxe) ﬂle&%dl ng
upon the shapé gblyrhe cgdretcpmlwrmrlzetm bloodigt vmthbme anfrotl bf hytdropboblcnser t ed.

The i nternal Walpl E} glfs ahrj}ﬁo&%% Kﬁ&n&ﬁl &Qﬁ%llﬁss&f@lmabl@&%lﬁ tLapc or nmay

i nclude features In maintalinin e body
including, wt hd’ﬂﬁplul’lﬁm githerjop poth y@iﬁﬁ*’&éé@ﬂ bipdepragablsanchuie, Wlﬁd@hmt@m@ns

roughness or t hgjichde§ pbiurkished, @gﬁsacanatwdlﬁcryh&cﬁinﬁ@lnt SRRk Miked
enbodinent, in additiop to the active agent bei ng di sposed or

di sper sed throuéﬁBﬂF;?ﬁEm% exapple, abymisy i é@%ﬁﬁk #ithe di sposed on,

di spersed thngughout or otherw se contained in 25both the cap and the

stem portion or in one of the.ca stem portion., : hose

Sunct ol pl ugs hat higetn RPeERRe SnSehEne: AP nyraion W hw Boty, at

| east a porti on sefh phiendaps p@ltpn@ﬁerhabhnybcﬁlglpﬁthemﬁmthlq;htgh@1gmzl Wagette,

and the active a t 0 the |d of
gl?cl@ dlr!lc%blgl{d?!c/lg\(f Q‘Pcl ﬁ{lggtgl f%%g%; thd\ilr§ccr¢_1 dfﬁxcd

t he eye when the ugs are I nser canal i cul us.
Punct al plugs t haﬂlﬂﬂq&w@“ace;lab)fiéldq steveprrtiangd 07, hhich oktkrals é@\'erevaaﬁmmml o)

gavte a cap a5 t h,d§ 660 Nthe 8BH R b RFewRAYcibHAL aslsRKfSn FaeN8SAb AEM T Ml
uc e
body of the punctal plug, or is simply inserted into some portion of the body.

Punctal plugs having caps with a stem portion may or may not have a collarette.
The stem can be symmetrical or asymmetrical, depending upon the shape of the
portion of the body into which it is inserted. The internal walls of the body may be
20 substantially smooth or may include features that aid in maintaining the stem within
the body including, without limitation, surfaces with grooves, indentations,
roughness or the like in the interfor walls. In an alternative embodiment, in
addition to the active agent being disposed or dispersed throughout the cap, the
active agent may be disposed on, dispersed throughout or otherwise contained in

25  Doth the cap and the stem portion or in one of the cap or stem portion.

For those punctal plugs that have a collarette at the first end of the body, at
least a portion of the cap is preferably adjacent to the collarette, and the active agent
is preferably released into the tear fluid of the eye when the plugs are inserted into

30 the lacrimal canaliculus. Punctal plugs that have a cap adjacent to the collarette can

also have a cap at the second end of the body that faces the nasolacrimal duct when



15 the punctal plugs are inserted into the lacrinmal canaliculus, and
thc active agent is released fromsuch punctal plugs into both the
tear fluid of the eye and the nasolacriml duct. 5 For certain
punctal plugs, such as those having a collarctte that are used to
deliver active agent to the tear fluid of the eye, if the cap is nade
of a material that dissolves or erodes after insertion into the

| acrimal canaliculus, a new cap can be added to the punctal plug, for
exanple, after the cap dissolves or erodes, that 10 contains active
agent that is the sane as or different fromthe active agent in the
previ ous cap. The new cap nmay be nmade of a material that is the sanme
as or different fromthe material of which the previous cap was
conprised. The caps of certain punctal plugs can be replaced while

t he punctal plugs rcmain in the | acrimalscanalicul us, while other
punctal plugs are renmoved fromthe lacrimal canaliculus to 15 replace
the caps and are the i nserted.int he Iacrl al i.cul us

caps of the puné?%wmﬁﬂﬁﬁg FEHSEisd ﬁﬁégan%fmﬁﬁvl?lH%m%f?%?“¥ﬂﬁ%rtlon
into the | acri matieediadm saugh pctal g irdd Bsistho feanthiédt didhre eyhamddaps have
conpl etely d'559£¥$%n8&¢ﬂ graded. The active agent preferably

passi vely diffuses ron1t e caps of those punctal 20 plugs that are
made of p matérials that are insoluble in water and

non- bi odegr adabl e. Cggtghdh 15?anct§l'15ﬁ|@s QﬁHﬂ%& ﬁahscmwg%sa cof el A3 L DRSS

having a collarette that are used del i ver ive agent to the tear

fluid of the eydeliypaddiveagsalie ﬁatearcfh«*fi o gherepgrififesrap ﬁé?f‘ﬁ%?fé%ﬂﬁ’é'tth‘ﬂ

plugs, for examiigslvabt eadesumtnam(inahtbmeaicklma1henaﬁea1ﬁsveneag;eﬁEanmes
of the_ caps es not a

diffused fromth and val ersely
S fect the i nt egRidiyb O PRHE! B R AR COR FREHIRS Parodshte.
caps cont ai nilng camhihs/ee,nag@att tahiathe knddaer (ﬂﬁ'dél‘ﬁlt&famﬂlic ddih\fcfd@d’[leﬁtthcf rom

the active agent re!v%ugca% eer}élw%lfils C?P a eofa atenagt%%mt?l s?apnga unct al .
pl ugs. The neM/ébp can“be tonp of “a yheric et &t hat is

the same as or diffefet fom the mrvrlﬂlh)éwpleﬂl shnremlgusnap e cahlpnm%d wWhiechpstofie
previous cap wagef, n&ﬁ%ﬂ@s&ﬁ%e%@ﬂ%ﬁgﬂﬂﬁgﬁpﬁﬁg?ﬁﬁg &£8§h§ iy such

punctal plugs, and new caps can e puncta pl ugs
have been i nser tcawlipyluss wileloger purepl plugmare rwweﬂsfronaihalacqrel wimplicalus foe

punctal pl uggsr e&mdce thie Baps A dr&Géd BB Lere AR heOMriBI cafdRQLs. RO Edpabs Pl UGS
are renoved fromthe lacrimal canaliculus to repl.ace the exisSting
caps with new c étﬂﬁaunctal plugs can be replaced at any time after insertion info the lacrimal

canaliculus, regardless of whether the caps have completely dissolved or degraded.

The active agent preferably passively diffuses from the caps of those punctal
20  plugs that are made of p materials that are inscluble in water and non-biodegradable.
Certain of such punctal plugs, such as those having a collarette that are used to
deliver active agent to the tear fluid of the eye, have caps that can be removed from
the punctal plugs, for example, after substantially all the active agent has diffused
from the caps, and removal of the caps does not adversely affect the integrity of the
25 remainder of the punctal plugs. New caps containing active agent that is the same as
or different from the active agent in the previous caps can be added to the punctal
plugs. The new cap can be comprised of a polymeric material that is the same as or
different from the polymeric material of which the previous cap was comprised.
The caps can be removed from some of such punctal plugs, and new caps can be

30 added, after the punctal plugs have been inserted in the lacrimal canaliculus, and



5Certain of the punctal plugs that have collarettes can have a caps
adjacent to the collarettes that are made of a flexible material. One
or nore portions of such caps can extend beyond the collarettes to

i ncrease the anount of active agent that the caps can hold. Suitable
materials for such caps include, for exanple, |ow nolecular weight

pol ymers or el astoners such as, for exanple, polyolefins, polyesters,
10 pol yurethanes, acrylics, and copol yners thereof. In such punctal

pl ugs, a portion of the cap rests against the collarette, and at

| east one portion of the cap preferably extends beyond the portion
that rests against the collarette. In such punctal plugs, the caps
can be transparent or flesh-colored. 15Punctal plugs of the invention
can be manufactured using processes that include technigques such as,
for exanple, solution casting, extrusiongs chem cal cross-1linking
through the formation of covalent bonds or ionic bonds, Iathing,

Compr s on oL S b aNS o b Pl L R TT e

t her mal pol ymer irgadved fromardacithal @miliculusto ceplacribxexisting ¢aps @ith new caps

pol ymeri zation. The punctal plugs and caps are typically manufactured
separately. The caps can be nmanufactured using processes that include
t echni ques suéh as, forirefigphectal plogaihdt baveceltardtingcan byve p gans edjacent to
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manuf act ure by, ee&ah@bs@néthd pwhomfb%ttrestﬂamn!sathﬁ milaresmik slmg rancgbplugsi on of

at | east one actg, Cgpbacggggtrgnmdgnpor@lgb%_cgg;cged cap as, for exanple, use
of a solvent containing drug or covalently attachlng the active

agent follow ng surface m)dl fication of the material. 5 The

anount of actjve ageminctdiSRehs bithd MEenRb@S LOMatufR wukdd\(SiRE prOkks thhe depend
upon the active agent or sg tsel ected, the desired doses to be
ity B &

delivered via t BfFE R F HETRIeSP RlRR PulingxEusioq; emigH gofhe
el ting points ohkihgroagh fhy &ragon bf @ndentBdnds breibnitisonds, taehifgor m t he cap.
Preferably, the cgrirlrlg)l'léI551on moﬁimgl, injec lotn I}]n%liaa rpg?filcguiidc igjjetlzt%n molding, blow molding,

and polymerization, including photo polymerization, thermal polymerization, and

20  ionic- and redox-initiated polymerization. The punctal plugs and caps are typically
manufactured separately. The caps can be manufactured using processes that
include techniques such as, for example, solution casting, extrusion, chemical cross-
linking through the formation of covalent bonds or ionic bonds, lathing,
compression molding, injection molding, liquid injection molding, blow molding,

25 and polymerization, including photo polymerization, thermal polymerization, and
ionic- and redox-initiated polymerization. The active agent can be incorporated into
the caps by adding it to the materials that compose the caps during their manufacture
through, for example, injection molding or dissolving the active agent into the cap
material or the active agent can be added to the caps of the punctal plugs following

30 their manufacture by, example and without limitation, soaking a solution of at least

one active agent into a pre-formed cap as, for example, use of a solvent containing



10 effective anmount neani ng an anount effective to achieve thc
desired treatnent, inhibitory, or prevention effect. Typically,
anmounts of about 0.05 to about 8,000 m crograns of active agents nay
be used. The punctal plugs described herein can be used to deliver
various active 15 agents for the one or nore of the treatnent,

i nhi bition, and prevention of nunerous diseases and di sorders. Each
punctal plug can be used to deliver at |east one active agent and can
be used to deliver different types of active agents. For exanple, the
punctal plugs can be used to deliver azelastine HCl, enmadastine

di funerate, epinastine HCL, ketotifen funmerate, |evocabastine HC1,

ol opat adi ne HC1, 20 pheniram ne nal eate, and antazoline phosphate for
one or nore of the treatnent, inhibition, and prevention of

al l ergies. The punctal plugs can be used;4o deliver mast cel
stabilizers, such as, for exanple, cronolyn sodium | odoxam de
tronmet ham ne, nedocrom | sodium and permrol ast potassium 25The
punctal plugs can be used to deliver nydriatics and cycl opl egi cs,
such as, for exaimdecohkeny afptivingiis achteragpit fodlosing farfaeg ménbifmtioropitee,
scopol am ne Hqung%ﬁLopentolate HC1, tropicam de, and phenyl ephrine
HC1. The punctal plugs can be used to deliver ophthal mc dyes such
as, for exanpfe and without limtation, rose begal, sissam ne green,

i ndocyani ne green, firgorRxARs a@i@gagchtlﬁgc.rﬁ1§ﬁ1@ bRlgs of 11‘@ invention willepBiinCt al
pl ugs can be used to deliver corticosteroids Such as, for exanple,

dexamet hasone sdWPLF PRESS RSB 22eis seltriet Hagsdsited dpsen orbs et v dhe
f1 uor omet hal one patdiadhlag, tedegipd ﬁﬂ’daQJratetaﬁ@mElﬁlElﬁng priRslsr irol-enacat aldat e,
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The punctal plugs described herein can be used to deliver various active

15 agents for the one or more of the treatment, inhibition, and prevention of numerous
discases and disorders. Each punctal plug can be uscd to deliver at least one active
agent and can be used to deliver different types of active agents. For example, the
punctal plugs can be used to deliver azelastine HCI, ¢emadastine difumerate,
epinastine HCI, ketotifen fumerate, levocabastine HCL, olopatadine HCI,

20 pheniramine maleate, and antazoline phosphate for one or more of the treatment,
inhibition, and prevention of allergies. The punctal plugs can be used to deliver
mast cell stabilizers, such as, for example, cromolyn sodium, lodoxamide

tromethamine, nedocromil sodium, and permirolast potassium,

25 The punctal plugs can be used to deliver mydriatics and cycloplegics, such
as, for example, henylephrine, atropine sulfate, homatropine, scopolamine HBr,
cyclopentolate HCI, tropicamide, and phenylephrine HCL. The punctal plugs can be
used to deliver ophthalmic dyes such as, for example and without limitation, rose
begal, sissamine green, indocyanine green, fluorexon, and fluorescein.

30



The punctal plugs can be used to deliver anti-infective agents such
as, for exanple and without limtation, tobranycin, noxifloxacin,

of | oxaci n, gatifloxacin, ciprofloxacin, gcntam cin, sulfisoxazol one
di ol am ne, sodi um sul facetan de, vanconycin, polynyxin B, am kaci n,
nor fl oxaci n, |evofloxacin, sulfisoxazole 15 diol am ne, sodi um

sul facetam de tetracycline, doxycycline, dicloxacillin, ccphalexin,
anoxi cillin/clavul ante, ceftriaxone, cefixinme, erythronycin,

of | oxaci n, azithromycin, gentanycin, sulfadiazine, and pyrinmetham ne.
The punctal plugs can be used to deliver agents for the one or nore
of the 20 treatnent, inhibition, and prevention of glaucoma
including, without limtation, epinephrines, including, for exanple:
di pivefrin; al pha-2 adrenergic receptors, including, for exanple,
aprocl oni di ne and brinoni di ne; betabl ockers, including, for exanple,
bet axol ol , carteol ol, |evobunolol, metipranolol, and tinolol; direct

m otics, including, r e | e, carbach and |Iocar , ,
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and echot hi ophatdexancnipoa sclivanihgshhas eleiankihkobd fisgrometidland] Ng, f or
exanpl e, acetaz I I m de;
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bi mat oprost, ér Wbmﬂ m@%pha@@e@mm ogmme,@ndiﬂmmplone actiOnitHC| The punctal

trifluridine, acygekesiveusdMddiaPhbslayi ok ant}_tﬁﬁmﬂﬁiﬁ't&ty%%cn@sugﬁas%n be
used to deliver |ocal anesthetics, Including, limtati on,

tetracai ne HCL, cteRiaindcathers limitpgon, yshiprpien sediinh epri, dislefepacsediencei n

sodi um benoxi Nak@roMdGrombMahias GRS AL, rifiiiny @R thelORAXE, AALiIG0 AL and
fl uor exon dlsodlunl The punctal pl ugs can be used to deliver

antifungal agent®™H¥%Gdi ng, for exanple, fluconazole, flucytosine,
anphot eri ci n1, |tracohazole and ket ocaonazol e. 10The punct al plugs

can be. used to deliv. ep n?algu%c%ﬁbégs%%l]% dep\%i'anhi %tkg&vga%emg]sucﬁas 90r

acet am nophen and codei‘ne am nophen  and
acet am nophen, h&mmmvma®mhmbupnﬁbenmxamautmanﬁdehnnﬂhsmpummﬂahmmlugs
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ephedrine hydro ori d I ne ori de rine
hydrochl ori de, tetcPapsidreyoyiinsg. %k%me@w@eﬂoxam S@lﬁwe:to!ﬂol i ne.

Finally, thepungialind!ddtsh afitcRfiddsed. ﬁhed@dxyayainevalélmlnﬁ
anti oxi dants, and nutraecutlcals i ncludi ng, w_thout [imtation"

vitanis A D, affephglexip,ameyigillindclayplante colijlageng: iiiige, crpuanymin Afleecipat t y
aci ds and the | iak@wonhlad, gatainyéin,agieiatasing @hd pyeimedadiyie.t he punctal pl ugs
can be fornulated to contain 20 excipients including, wthout
limtation, synthetic and natural polyners, including, for exanple,
pol yvi nyl al cohol , poTheguinydl elngglay bobsed pakiracagphts for the bk, orimpetr e xygmet hyl

cel lul ose, gEd C?I[C%]Bgt 1%&5&@:}&%&%1&%&1%{ é}%%%ﬁ}é%élu%r‘;ﬁg%r{ﬁdutf: tag]iog l

pr opyl enegl ycol r'oxypropy uar
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modi fied pol ysaggRamb d6s.xaffle, 38BoniBRORA bliRbHSine; betablockers, including, for
example, betaxolol, carteolol, levobunelol, metipranolol, and timolol; direct miotics,
including, for example, carbachol and pilocarpine; cholinesterase inhibitors,
25 including, for example, physostigmine and echothiophate; carbonic anhydrase
inhibitors, including, for example, acetazolamide, brinzolamide, dorzolamide, and
methazolamide; prostoglandins and prostamides, including, for example,

latanoprost, bimatoprost, uravoprost, and unoprostone cidofovir.

30 The punctal plugs can be used to deliver antiviral agents, including, without

limitation, fomivirsen sodium, foscarnet sodium, ganciclovir sodium, valganciclovir



25 and sul phobetains. 20 What is clained is: 1. A punctal plug,
conprising: a body having a first end, a second end, and a | ateral
surface extendi ng between the two ends; and a cap adjacent to the
first end of the body, a cap adjacent to the second end of the body,
or caps adjacent to both the first and second ends of the body,
wherein the caps are conprised of an active agent-containing materi al
that contains at |east one active agent. 2. The punctual plug of
claiml, wherein the lateral surface has an outer dianeter that is
substantially circular in shape and a portion of the lateral surface
has an outer dianeter that is greater than that of the remai nder of
the lateral surface 3. The punctal plug of claiml or 2, wherein
each cap is conprised of a polynmeric material that is at |east
partially water-soluble; a polyneric material that is biodegradable;
or a polymeric material that is insoluble in water and

nonbi odegr adabl e and the active agent passively diffuses fromthe
cap. 4. The punctal plug of claim2 or 3, wherein the portion of the
| at eral surf ace H@latiflinkknegavydotie pnddiracider. The pakciel pligiam Hehiadd tof t he
remai nder of thede41@eE o V\ﬂ ane%t'ﬂ%}t &G fenmif %ﬂﬁuttlf&ﬁtaﬁéﬁ”&&?c'ambé’hw tﬂa&«ﬁﬁ‘m

| acri mal canalicu en t punct i's Tnserted in°

| acri mal canaPfi difflusoparagaineTiel apduﬁ@ftf%%PGlldeglmolPeﬂe#lmf@mHi flggresein pdlémei n
one or both caps,,aghskiRad Qld@lrﬂo@ﬂﬁt d%Bdl{lIQeTMMCtal pligs BB Rt RliveP! U9
of claimb5, further conp r|5|1% bi oconpat i’ bl e adhesive that causes

the cap or caps #hipeabagreip.dnct mgrf%fﬁernﬂﬁ Puppaazgliel (fucy9sing pephotarigingy e

body. 7. The pungbidzolplai@kdidcashlasian 1 or 2, wherein the cap fiw her
conprises a stemportion of a cap. 8. The punctal plug of claim 6,
wherein the portion of the cap that is positioned within the body of
t he punctal pbug is. 'Slﬁ:f]:ﬁm&ajplugi@nﬂ)hﬂscﬁ)mdiyﬂi\&f‘dﬂdlg&icﬁlim:ﬁid'ﬂlg volhog. 9.
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canaliculus, a cap Is located adj acent e en Puncta1 pl ug
that faces the aphazolinghydrshlarde; N}@ﬂﬁd@éﬁlﬁe hygdroghdgridgdetephydigzelinche t ear

fluid of thejgy@ydrochloride, and oxymetazoline. Finaily, the punctal plugs can be used to deliver
vitamins, antioxidants, and nutraccuticals including, without limitation,, vitamis A,

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

The active agents delivered by the punctal plugs can be formulated to contain
20 excipients including, without limitation, synthetic and natural polymers, including,
for example, polyvinylalcohol, polyethyleneglycol, polyacrylic acid, hydroxymethyl
cellulose, glycerine, hypromelos, polyvinylpyrrolidone, carbopol, propyleneglycol,
hydroxypropy! guar, glucam-20, hydroxypropyl cellulose, sorbitol, dextrose,
polysorbate, mannitol, dextran, modified polysaccharides and gums, phosolipids,

25  and sulphobetains.



11. The punctal plug of claiml or 2, wherein when the punctal plug
is inserted into the lacrimal canaliculus, a cap is |ocated adjacent
to the end of the punctal plug that faces the nasol acrimal duct, and
the active agent is released into the_pasolacrimal duct. 21 12. The
punctal plug of claim1 or 2, wherei nZ8hen the punctal plug is
inserted into the lacrimal canaliculus, a cap is |ocated adjacent to
t he end Oﬁfh'é gc étdtlgj plug that faces the eye, another cap is

| ocated a acen o the end of the punctal plug that faces the

nasol acri rral duct, and the active agent |s reI eased into both the

t ear f|UI of t e and. the pasol acri ct. 13. The al
plug of ol 48 o pIok: o itisig: = BAROH Sieoat € § seeend it BREL ot
end of th&" te%lena hesugenghe,grorgngs; age agap ,aqegt Qdfeddshend ﬂe%leod%
col | ar et t@p as,ﬁaentt irothg seqopd eagyelrihe badyi of s adizsant © hotethe a3t and sreandf
the eye. enggofthnéogndierain e gepsone edraprised of anvrdive peent-hentaiajpstorierial s
adj acent thef cohlginsal leastene activsagopri sed of a pol yneric material that
is at least partially water-soluble, dissolves over tinme, and

r el eases 2.The aondtwe phgedtlaas 1] Wheaemabd Mesal suitice hihen puactiahetpd thg iof
cl ai m 13, subkrexitlln cirbdaciaghdpeahd k poRidhat distlateal fulreice hasl aaroatdr dianseter
conpr i sedh&fis grepel thak tHat oMBé Rfimatddel Bithe iferbl udlegy adabl e, degrades
over time, and releases the active agent as it degrades. 16. The

punctal pi yge 9&n&él%’ld@ (;f%iau’ﬁhecrrg' Ahble GaPcddi8torh fné@lo@ﬁ BOlmefc t he

collarett atl:&al‘% R:Ehftéf%fdbfe H?B refib ndaRfal fhit i %?oﬂa(li%ﬁa%lé n
f“’f‘é%rtﬂE ?s F‘fb ek A O a K &4 that
i s adj ace pas ely Fare sprermvabl e. 18. The punct al plug of

claim 19, erein 'S ad ent to the collar
Compr sea‘*ﬁ‘?ﬂ amrﬁfaéf %%a Elapgv%?éﬁréf Aelidft hriafal s BeaSpution o
the cap &Y% Mepangie ‘?i‘be‘ f teapipginderpd theppfer SFecﬁieﬁ ed?“nﬁ'ia im
13, wher dilpg inpfbe lélalpmﬁkﬁaﬂ sl 5hse rdsee@mata%m é&fsldame%ﬁﬂhe grimph e
punct al plidicsfuscl ai m 19, wherein the stemportion of the cap is
screwed into the body of the punctal plug. 21. The punctal plug of
cl ai m 19,5. hepwiotel phe dcbim gor 2j wherefn anher betp caps aherelié ppedl afthe t he
body of tHedypunctal plug 22. A nethod, conprising inserting a
punctal plug according to claim1 into the lacrimal canalicul us.

6. The punctal plug of claim 5, further comprising a biocompatible adhesive that causes

the cap or caps that adhere to an end of the body to adhere to the body.

7. The punctal plug of claim 1 or 2, wherein the cap further comprises a stem portion of a
cap.

8. The punctal plug of claim 6, wherein the portion of the cap that is positioned within the
body of the punctal plug is screwed into the body of the punctal plug.

9. The punctal plug of claim 6, wherein the portion of the cap that is positioned within the
body of the punctal plug is clipped into the body of the punctal plug.

10. The punctal plug of claim 1 or 2, wherein when the punctal plug is inserted into the
lacrimal canaliculus, a cap is located adjacent to the end of the punctal plug that faces the
eye, and the active agent is released into the tear fluid of the eye.

11. The punctal plug of claim 1 or 2, wherein when the punctal plug is inserted into the
lacrimal canaliculus, a cap is located adjacent to the end of the punctai plug that faces the
nasolacrimal duct, and the active agent is released into the nasolacrimal duct.



23. A nmethod, conprising inserting a punctal plug according to claim
11 into the lacrimal canalicul us.

21

12. The punctal plug of claim 1 or 2, wherein when the punctal plug is inserted into the
lacrimal canaliculus, a cap is located adjacent to the end of the punctal plug that faces the
eye, another cap is located adjacent to the end of the punctal plug that faces the
nasolacrimal duct, and the active agent is released into both the tear fluid of the eye and
the nasolacrimal duct.

13. The punctal plug of claim 1 or 2, further comprising a collarette at the first end of the
body, at least a portion of a cap is adjacent to the coliarette, and the active agent is
released into the tear fluid of the eye.

14. The punctal plug of claim 13, wherein the cap that is adjacent to the collarette is
comprised of a polymeric material that is at least partially water-soluble, dissolves over
time, and releases the active agent as it dissolves.

15. The punctal plug of claim 13, wherein the cap that is adjacent to the collarette is
comprised of a polymeric material that is biodegradable, degrades over time, and releases
the active agent as it degrades.

16. The punctal plug of claim 13, wherein the cap that is adjacent to the collarette is
comprised of a polymeric material that is insoluble in water and non- biodegradable and
the active agent passively diffuses from the cap.

17. The punctal plug of claim 16, wherein the cap that is adjacent to the collarette is
removable.

18. The punctal plug of claim 19, wherein the cap that is adjacent to the collarette is
comprised of a flexible polymeric material and at least a portion of the cap extends
beyond the collarette.

19. The punctal plug of claim 13, wherein the cap further comprises a stem portion.

20. The punctal plug of claim 19, wherein the stem portion of the cap is screwed into the
body of the punctal plug.

21. The punctal plug of claim 19, wherein the stem portion of the cap is or clipped into
the body of the punctal plug

22. A method, comprising inserting a punctal plug according to claim 1 into the lacrimal
canaliculus.

23. A method, comprising inserting a punctal plug according to claim 11 into the lacrimal
canaliculus.



